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FIRST DAY.—--NOVEMBER 18, 1912,

The third meeting of the General Malaria Committee opened its
session at the Council Chamber, Fort St. George, Madras.

The President addressed the delegates as follows ==

Gentlemen, in welcoming you to this our third cohference, 1 am pleased to be
able to report that during the past twelve months there has been satisfactory pro-
gress towards that unification of aim in our anti-malarial policy and the training
of practical workers upon which I laid such stress in my speech at Bombay last
November. This aim has been kept steadily in view during the first year,
and our present policy, which, without interfering in details, has for its goal
practical anti-malarial work, is largely the outcome of the deliberations of
your Central Scientific Committee and of the Scientific Advisory Board which
has been inaugurated under the auspices of the Indian Research Fund. And
here 1 wish to acknowledge our thanks to Sir Harcourt Butler, for all be
has done to advance the cause of practical sanitation, and to express our
warm appreciation of the cordial co-operation of Sir Renald Ross who has
honoured us by agreeing to act as a Consulting Member of the Advisory
Board. As regards increasing our staff of practical workers [ may note that
our organisation has been materially strengthened by the appointment of special
malarial officers in Madras, Bengal, the Unitad Provinces, the Central Provinces,
the Punjab and Burma. We-have also modified the system of malarial clagses
so as to make them more practical, at the same time altering the composition
of the class and increasing its numbers. In 1910, 24 medical officers and
subordinates were trained, but in 1911, only 18, and all of these were from the
civil side. During 1912 however we trained 57 candidates of whom 27 were in
civil and 30-in military employ and we are now prepared to admit 16 military and
16 civil officers to each class or a total of 64 per annum. Thus we are not
only co-operating with the sister service by providing the military authorities with
trained officers for regimental and cantonment purposes, but we are preparing
young Indian Medical Service officers ‘whilst they are still in military employ, for
anti-malarial work in their districts should they later on become Civil Surgeons.
We attach considerable importance to this because experience has shown us that
Civil Surgeons experience great difficulty in obtaining the necessary leave to artend
these classes. In conformity too with the practical aspect of our policy we have
arranged that the class now under training should meet at Delhi where Captain
Hodgson who is acting for Major Christophers, in charge of the Malarial Bureau, -
is conducting a detailed malarial survey of the Imperial Enclave. By so doing
his pupils will have actually participated in a malarial survey and will be fully
equipped for carrying on similar work in their own districts later on. There is
only one point on which I regret I am unable to report progress, and that is as
regards our publication ‘ Paludism.” 1 am very sorry, gentlemen, that my
appeal on this subject last year has fallen upon deaf ears. We have received
very little support in the way of contributions and we are seriously considering
the advisability of substituting for * Paludism” a Journal of Indian Research
with special sections for Malaria, Medical Entomology, Protozoology, etc.
Such a journal would we think serve a useful purpose and in it we could publish
many of the short papers of great interest which come up to us from time to time
but which"are not of sufficient length to justify publication as separate ** Scientific
Memoirs.

Regarding yellow fever which as a mosquito-borne disease forms one of the
subjects for our consideration, you have all of you heard of the preventive measures
which have been taken by Government and of the progress which has been made
in the * stegomyia ” survey as recommended in the sixth resolution of last year's
conference. The object of this survey appears to have been misunderstood in
certain quarters, indeed one paper asks what is the use of a survey of a mosquito
which we already know to exist in large numbers all along our coasts, The
writer has however overlooked the fact that although we know that this mosquito
exists in large numbers, we have not, or had not until recently, any exact informa-
tion as to its actual breeding places, habits, etc. The observations of Boyce in
the West Indies and of Howlett in this country show that, at any rate in towns, the
extermination of the ‘stegomyia” or its reduction to non-dangerous numbers is



4

theoretically possible, and our present object is to prove whether or no this extermi-
nation is really practicable. So far as the preliminary reports go, they are very
encouraging. Forinstance the survey at Rangoon shows that Stegomyia Fasciata
is essentially a domestic mosquito and that it breedsin small collections of
stagnant water such as bottles, tins, saucers under the legs of cupboards or meat-
safes, etc., within house limits ; it is clear that its extermination is largely a question
of house sanitation and not one involving extensive drainage operations. One of
the most important duties of the Scientific Advisory Board, after allotting money
for these stegomyia surveys, was to advise Gavernment as to the distribu-~
tion of the sum of five lakhs which had been placed at the disposal of the
Research Fund for anti-malarial purposes. The principle which guided us
in making ouryrecommendations was as far as possible to recommend expenditure
only on schemes which preliminary investigation had shown were likely to
accomplish definite results. Under this head confe the grant-in-aid of Rs. 50,000
to Bombay for carrying out the anti-malarial opetations proposed by Bentley
in Bombay City, and the sum of Rs. 1,80,000 to the United Provinces for
anti-malarial measures in Saharanpur, Nagina, and Kosi, where preliminary
malarial surveys by Robertson and Grahom have shown that the mitigation
of malaria in these towns was perfectly feasible at no prohibitive cost. We
have also allotted certain sums for preliminary investigations in Sind and
Ennore near Madras.

The uselessness of spending money on anti-malarial measures without preli-
minary investigations was forcibly brought home to me in the courmg of one of my
recent tours. In a certain town which shall be nameless but 'which had been
suffering severely from malaria, I found the municipal authorities ex ending
large sums of money in filling up all the tanks which contained dirty or evil-smell-
ing water, whilst all those which coutained clear water and which were of course
the only ones in which dangerous anophelines would breed, were left severely
alone. I need hardly point out that if this mistake had not been brought to
their notice, the result of their proceedings would not only have been a shocking
waste of money, but the failure of the project would have been used later on as
an argument to show the uselessness of anti-malarial operations.

All the schemes | have mentioned so far are for urban districts only,
but you must not imagine that the very important question of malaria in rural
areas has been neglected ; on the contrary it has our most earnest attention, and
in this connection 1 must allude to the most excellent work done by Stewart and
Procter in lLower Bengal. They have shown that a close correlation exists
between over-vegetation and intensity of malaria—in which respect they are in
close agreement with the findings of 'Watson in Malaya, At the suggestion of
the Government of India, the Government of Bengal has taken up the matter and
it is proposed to allot a considerable sum of money to carrying out an extensive
experiment of jungle clearing in the neighbourhood ‘of inhabited areas. Should
this experiment prove a success, we shall have at our disposal one method at
least of improving the .conditions obtaining in small villages, especially n the
deltaic area. But although this method is likely to be useful in flat country, it
is doubtful whether it will avail in hilly tracts, especially in hilly tracts intersected
by ravines. Watson has found it useless in Malaya, and Kenrick has arrived at
similar conclusions in the Central Provinces. Major Perry too, in his paper
which is for discussion to-day, goes carefully into the practical question of jungle-
clearing in the hilly tracts of this Presidency and shows that, whereas on the
3,000 feet plateau jungle-clearing produces little obvious effect, on the 2,000 feet
glateau the conditions are different and the proper clearing of jungle gives

ope of the practical eradication of malaria.

There are many other ways in which we may deal with malaria in rural areas.
First and foremost amongst these | would mention what has been aptly termed
i water-tidiness, ”’ that is to say the filling up or draining of all pools which
might be potential mosquito breeding grounds and the clearing and trimming of
the edges of all tanks, for atleast half a mile round each village, so as to
deprive the mosquito larvae of the protection afforded by weeds against their

natural enemies.
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The next most important step is the stocking of pools and tanks with
mosquito-destroyers should these be absent. This need ot be an expensive or
troublesome task. - I am not suggesting the importation of the much vaunted
“ millions ” from Barbadoes, and | am aware that during the past few years
much money has been wasted by the importation of fish into localities where
they were either already abundant or to which they were unsuited. But
mistakes of this kind may be avoided if those interested in the subject
will purchase the pamphlet on the “ [ndian Fish of proved utility as mosquito
destroyers,” by Captain Sewell and Mr. Chaudhri, which is published by the
Superintendent of the Indian Museum at the nominal price of 8 annas. From a
perusal of this pamphlet we learn that the four genera that are to be relied
on are Haplochilus, Ambassis, Trichogaster and Nuria, and more specially to the
various forms of the first mentioned, whilst discredit is thrown on Amadas
Scandens, ** the climbing perch ” which apparently only feeds on mosquito larvae
when in captivity. [ would like also to direct your attention to the virtues of
the water snail, * Linnaea stagnalis,” which according to McCabe is a most
voracious devourar of mosquito eggs, and to the extremely interesting paper by
Mr. Wilson on -** Larvicides and the natural enemies of mosquitos in Southern
India’? which Mr. Wilson is reading before this conference. _

Lastly I would mention the provisionof a pure water-supply. We all of
us know that when from any cause the health of the host .is depressed the
malarial parasites increase in number and that the reverse occurs when from
any cause the health of the host improves. The improvement of the general
heajth of the individual therefore, bv enabling him to develop the resistant power
which will enable him to throw off the disease, is an important feature of otr
anti-malarial campaign, and for this reason we regard the provision of a pure
water-supply in rural areas as an anti-malarial measure of vital importance, and
the Scientific Advisory Board believe that if with this be combined systematic
jungle-clearing, water-tidiness, the preservation of mosquito-destroyers and the
distribution of quinine, it may be possible to achieve remarkable results even in
areas where the physical conditions render large drainage-schemes, etc., practically
impossible. For this reason | have noted with great pleasure the formation at
Jessore, on the 12th of December last, of a Coronation Anti-malarial Society
which apparently intends to work in the villages of Bengal on lines very
similar to those indicated above, and I am sure you will all unite with me-
in wishing this society every success and in congratulating Rai Jadunath
Mazoomdar Bahadur upon its inception. [ .trust that it marks the beginning -
of that cooperation of the public, upon the necessity for which | have insisted
so’ often, and without which we can never hope to attain real success in our
campaign against malaria, '

And now I wish to say a few words with reference to the subject of quinine
which formed the subject of our second resolution at last year's conference,
During the past twelve months quinine prophylaxis has been the subject of severe
criticism by many observers who have pointed out that even when persons are
taking large doses of that drug, more than 23 per cent. of them still show malarial
parasites in their peripheral blood, It has been suggested in certain quarters
that in India this is due to the fact that the Government quinine is inferior to
that supplied by European firms, cither as the result of defective manufacture
or as the result of deterioration from storage in a hot climate. These statements
which are absolutely without foundation in fact, it is my duty to refute. In 1910
our white quinine, both of Bengal and Madras manufacture, was subjected to
independent analysis in Amsterdam and it was proved that in every respect
it was of the same chemical composition and purity as the very best English
quinine. If further confirmation is required to this statement, [ refer you to
Captain Lelean’s criticism of quinine prophylaxis which appeared in the
R. A. M. C. Journal for November 1911, where you will find that after
submitting for ‘analysis sealed samples of Government quinine taken from Delhi,
Muttra and Agra station hospitals, the writer is bound to acknowledge that
not only did the men get quinine, but they got quinine of excellent quality. The
other suggestion was that our quinine had undergone certain molecular changes
resulting in ‘the production of inert quineretin. The Government Quinologist
whom I consulted on this point, informs me that solid quinine sulphate is not
changed in any way by any temperature short of that of boiling water and that

1388C
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the most intense light only alters it superficially. It is not known to be
affected by a damp atmosphere and it is only dehydrated in a~d#y one.
He tells me too that Quineretin is the name given to an undefined brown produet
of the action of sunlight on an aqueous solution of quinine, atid it is possible
that the yellow coloration-formed. on the surface of solid quinine after prolonged
exposure to light may be due to the formation of this substance. But the
amount so formed even after the most drastic tréatment is infinitesimal and
can have no practical effect upon the therapeutic valuewf the Indian drug.
I may note moreover that Watson in Malaya using quinine of English
manufacture, has had similar experience and I would call your dtteation to
.4 note by Captain Ryley in a recept mumber of the R. A. M. C. Journal in
which he describes an experiment made in Hongkong with two Companies
of the Middlesex Regiment. The men in one Company were given daily dosés
of 5 grains of quinine, whilst the second Company received none at all. The
result of the experiment was that 47 per cent, of the men in the first Company
showed parasites in their blood, and 49 per cent.in the second. That this
failure was not due to any deterioration or staleness in the quinine used was
proved by the fact that in therapeutic doses the same stock solution speedily
removed the parasites from the blood of patients in hospital. If therefore,
gentlemen, you have failures in quinine prophylaxis, it must be the method which
is at fault and not the drug.

That the method itself is at fault is I think clearly shown by Thomson in
an article in the July number of the Annals of Tropical Medicine and Parasitos
logy. Inhis opinion the faults of the five grains daily method are three in
number :— ‘

(1) This amount is insufficient to preveat infection from mosquitos.

(2) Itis an insufficient ainount to render the blood uninhabitable by the
malarial parasite, and hence it takes a long time to eradicate
malaria from the system or it may even fail altogether especially
if there are many crescents. _

(3) This amount makes the blood less suitable for the parasites and hence
tends to keep the disease latent in the system without curing it.

These three postulates seem to me to offer a very reasonable explanation of
the failure of quinine prophylaxis and to render unnecessary the formulation of
any theory as regards the development of a.strain of quinine-immune parasites.
It is however only fair to state that Professor Celli does not admit that quinine
prophylaxis is a failure. On the contrary in his recent report which has
been translated into English by Major Lalor, and which is before the meeting,
he predicts a final triumph for this method far greater than that which in his
opinion it has attained in Italy. On reading his essay however, you will see
that he bases his arguments on a comparison between the effect of the pro-
phylactic use of quinine and those obtained by what in [taly is termed ‘‘ human
reclamation,” that is to say, the treatment in the inter-epidemic period of all
chronic patients suspected to be * reservoirs” of malarial infection. The latter
method is not adopted in India and [ think most people will admit that it is
~ doomed to failure, seeing that it is these chronic cases that are the most fertile
" producers of crescents which can only be destroyed by large doses of quinine
taken regularly for several weeks. In view therefore of the objections to quinine
prophylaxis on the part of the people in this country, | fear we must adhere to
the terms of our last resolution and that so far as the free population is concerned,
quinine prophylaxis in India, must be largely restricted to the destruction of the
parasites in the blood of those who are suffering from malaria in either its acute
or chronic form, especially during the fever season.

From the subject of quinine we naturally pass on to that of Black-
Water Feven.  As you are aware there are three hypotheses as to the etiology
of the disease.

(1) That it is the result of quinine poisoning.
(2) That it is either a manifestation of an active malarial infection o
the result of a condition brought about by a previous infection,

(3) That it is due to some undiscovered specific organism.
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Notwithstanding the fact that thelast mentioned theory is discredited by
those who have studied the diséase in ind’ia and in the.Canal Zone, at Panama,
we must not forget that it is not so very long ago that Kala Azar was regarded
merely as a manifestation of intense malaria, and it is interesting therefore to
note that Leishman in examining blood films from a case.of Black-Water “Fever
which occurred in Uganda has found' in them- tertain cell-inclusions which he
suspects may possibly represent an invasion of the endothelial cells of the visceral
blood vessels ot lymph channels by parasites of the nature of Chlamydozoa. Low
reports that he has Tound ‘similar ce -inclusions in the blood of cases of fever from
Borneo and Pellagra from ltaly, and he suggests that, althoagh time alone will
show whether Black-Water Fever, Pellagra, and some of the undefined tropical
fevers are due to parasites of the nature. of Chlamyddzoa, further researches
into the etiology of diseases with filterable viruses such as Yellow Fever,
Dengue, Pappataci fever, etc., in the light of Prowazek’s discoveries, are very.
likely to be crowned with success. These three diseases seem to form one
natural group and there is reason to believe that their pathogenic organisms may
be closely allied. The authorities of the Yellow Fever Bureau, therefore, have
decided to include in future in their Quarterly Bulletin both Dengue and
Pappataci fever, and to publish later on investigations into these two diseases,
Here in India investigations are particularly necessary to clear up many
doubtful points, such for instance as to whether or no the * seven-days”
fever of Rangoon and Calcutta is or is not Dengue ; secondly as to whether
or no the “‘three-days” fever of Chitral and Gilgit is or is not identical with
Pappataci fever; and lastly whether or no Dengue, “seven-days” fever, and
© three-days ” fever are distinct diseases, or whether, as Megaw suggests, they
are different forms of one and the same disease. Then too, there is the question
of the insect carrier about which it seems to-me we appear to be in a hopeless
state of confusion. Dengue is said to be carried by Culex fatigansand Pappataci
fever by Phlebotomus pappatassi. But many epidemics of ‘three-days”
fever have occurred in stations where ne Phlebotomi could be found even after
‘the most careful search. On the other hand Phlebotomi have been regarded as
the carriers in certain epidemics of ‘“seven-day” fever, as in the Cavalry Lines
at Secunderabad; and finally Lalor has given it as his opinion that the carrier of
the “seven-days” fever in Rangoon is probably Stegomyia fasciata.

Time will not permit of my dealing with the important subject of the diseases

of the ‘“Leishmania” group. Neither do I wish to anticipate the discussions
which will arise on the interesting papers that will be presented to you. There
are two points however in connection with Colonel Donovan’s valuable paper
on Kala Azar upon which | wish to lay particular stress. The first is in

connection with his view thateone method of infection may be by the mouth,

in support of which theory he instances the frequency of intestinal lesions

in this disease. This view is in accord with the observations made some years

ago by Bentley in Assam to the effect that if one person in a hut is attacked
by Kala Azar it does not as a rule spread to the other inmates unless the
first sufferer develops dysenteric symptoms. It seems to me therefore eminently

desirable that, whilst continving our laboratory experimeats, further field investi-

gations should be undertaken in Assam, where the conditions for the spread of
this disease appear to be peculiarly favourable. The second is in connection

with.Colonel Donovan's successful attempt at infecting a dog with the disease.

“The post mortem examination showed extensive infection of the bone marrow
whilst the liver and spleen were apparently healthy. This renders it necessary
that we should reconsider our position as regards the insusceptibility of Indian

dogs. So far as I know, in previous examinations only the spleen and liver were

examined and not the bone marrow. IfI am correct in this supposition it is
obvious that a further series of observations will be necessary before we can say

with confidence that the Indian dogis immune to * Leishmania Donpvani.”

Lastly there is the question of the Spirochaetoses. We have known for some
time that small out-breaks of relapsing féver occur frequently in the jail of the
Meerut district-~they are not serious and there are reasons for believin% that the
disease, which is probably endemic in the villages of the Jumna Kadir, is requently
unrecognised and treated as malaria. This spring the death rate was noticed to
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be rising in the Meerut district and in the first case it was presumed to be due
to plague.” The villagers however refused to recognise it as such chiefly on
account of the comparatively low mortality, sp certain medical officers were
detailed to visit the villages and take blood g,lms. These on examination showed
numerous typical Spirochaetae and subsequent investigation has shown that
some 70 villages in the Meerut district are infected with this disease. These
villages will, we think, form an excellent starting point for the investigation,
which it is proposed to institute next year, into the etiology of Relapsing Fever,
especially with a view to settling the question of the * carrier” of the disease
- and the exact mode of transmission. : : '

= Several years ago Mackie working in Bombay demonstrated the fact that
the carrier of Relapsing Feveris Pediculus Vestiment;. These observations
have now been confirmed by Nicolle, who has gone a step further than Mackie
and has investigated the exact mechanism of transmission. According to him,
the Spirochaete, after ingestion by the louse, undergoes in its digestive tract a
series of transformations finally becoming a * filterable ” micro-organism, in
which form it traverses the intestinal wall and lodges itself in the general
body-cavity of the louse, where it again assumes a spirillar form. - It is obvious
therefore that the Pedivulus cannot convey the infection by biting. In
order that this may occur, it is necessary that the insect be crushed and that
the spirilla it contains should come in contact with an abrasion of the skin. This
distinctly novel method of transmission, which is not in accord with the views of
Mackie and other observers, certainly deserves further investigation. -

Then in the October number of the Indian Medical Gazette, you may have
seen that Browse reports the discovery in Quetta of a Spirochaetal infection
which differs in important details from either the classical Relapsing Fever of
Vandyke Carter or the African Tick Fever. The disease is confined to the
Regimental Followers’ Quarters in which Cimex and Pediculs are very numerous.
‘Considerable numbers of a Tick, said to be Ornithodorus Tholosans, and one
specimen of Argas Persicus, were also found. Notwithstanding the observations.
of Mackie and Nicolle, Browse is inclined to put the first three insects out.
of count, and he suggests that this new disease is identical with one which.is
known in Persia as Miana and which is said to be conveyed by drgas Persicus.

I think 1 have said enough, gentlemen, to show that the pyrexias of
uncertain origin offer a wide field for research, and in conclusion I cannot do better
than quote a paragraph from the Presidential Address on the Fevers of India
delivered by Crombie some 18 years ago at the first Indian Medical Congress
held in India in December 18g4. He said ** We have allowed a Frenchman.to
find for us the amceba of our malarial fevers, and-a German the comma bacillus
_of cholera which is surely our own disease. Sball we wait till some one comes
to discover for us the secrets of the continued fevers which are our daily study
or shall we be up and doing it for ourselves?”

Gentlemen, let us be up and doing, The Central Research Institute at
Kasauli, the Bacteriological Laboratory at Parel, the King Institute at Guindy,
the Caicutta School of Tropical Medicire, and, let us hope, ere long the
Pathological Institute in this city, will afford our younger brethren unrivalled
_opportunities for carrying out original investigations, and I can assure you
‘that any well considered scheme for research work will receive the fullest
sympathy and assistance both from the Scientific Advisory Board and from-the
. Government of India.

A recent article in the Indian Medical Gazette has told us what the
Indian Medical Service has done for India in the past. Let us now band our.
selves together and show the world what the Indian Medical profession asa
whole,—whether official or non-official, whether European or Indian,—is doing
for this country in the present and what we hope to accomplish in the future.

I wish to ask you all to join with me in welcoming here this morning
Sir Harold Stuart who, during his tenure of office as Home Secretary to the
Government of India, did so much towards the foundation of the Indian
Research Fund and who took so prominent a part in our first malarial meeting
in Simla in October 1909,
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Captain E. C. Hodgson then presented the report of his work as officer in
. asia B charge of the Malaria Bureau, Central
Report of the Malaria Bureas. Research Institute, for the year 1911-12.

“The following is a summary :—

A tomplete set of all the known Indian anopheles having now been obtained,
the work of the Central Malaria Bureau has consisted first in making as many
duplicate sets of the type specimens ag possible, to enable officers working at the
Bureau to take out and thoroughly examine speeimens without there being any
danger of the type ones being injyrede or destrgyed ; secondly, in making
up and sending to public institutions and colleges, both in India and abroad,
complete sets of Indian anopheles or as nearly complete sets as it is possible to.
obfain within a reasonable time. A ]arge‘n&m.ber of varieties were collected for
the malaria and bacteriology classés. A point was made this year of collects
ing and identifying as many varieties of fish as were known larvee feeders
throughout their lives. Drawings of typical malaria parasites having been made
and painted under a camera lucida, these were photographed and coloured. with
Japanese water colours.

The President added that exchanges of collections of indigenous mosquitos
had been effected with the Malaria Commission,. Pirogott Society, Moscow.

Captain ] H. Horne introduced his paper on ‘‘ Malaria in the Madras
Presidency,” of which the following is a

Malaria in the Madras Presidency.
summary :—

A préliminary enquiry into the vital statistics of the Madras Presidency for
the past 10 years was commenced on_August 16th, 1912. The plan follrwn~-t
was~-

(a) the gryphing of total mortality figures ; and
(8) the critical examination of seasonal swings and epidemic rises.

~ The investigation being still far from complete, five - districts only have
been chosen for the purposes of this paper, each representative of one of the five
natural divisions of the Presidency. = Of these only one shows evidence of
epidemic malaria, v7z,, Cuddapah, an upland district of the Deccan, barren, dry,
and possessing a rainfall which is usually scanty but when heavy is liable to
cause floods. There were two epidemics in this district, in 1909-10, and 1910-11.
Both were localized ; both occurred during the cold weather, October—February;
both began and ended, in all the Zaluks involved, at the same time. The highest
" epidemic figure for a fa/uk was 5 ; in certain villages it was as much as 15.  The
epidemics were associated with increased rainfall, but not with drought in the
previous year. They were followed by a marked reduction of the birth ratein the
following year. Of the other districts, one, Chingleput, i1s known to contain
centres of endemic malaria. Here the birth rate is high and the infantile mortality
heavy. The mortality curves tend to be highest at the end and beginning of
- the year. The districts, South Canara and Vizagapatam, the latter long known
to be malarious, show marked rises in the mortality curves during the later
and first months of the year, in some cases reaching an epidemic figure of 3.
These are very suggestive of malaria, but fuller exannnation of Jail and hospital
returns will be necessary. Tinnevelly, a Southern district, flat, sandy, and hot
with a scanty rainfall, also shows high cold weather rises, but these are entirely
due to cholera. ' '

Major Fry then introduced hisreport on Malaria in Bengal. The report
was a full one and dealt with various parts

. C of this large province and showed how
conditions varied in different localities.

Malaria in Bengal,

The main points brought out were that malaria in the Ganges delta is
endemic, but not universal, and that it is confined to those parts which suffered
from a severe epidemic, in the middle of the 1gth century. Parts which escaped
the epidemic then are now free of endemic malaria, though physical conditions, -
density of human population and number, and variety of anophelines show no
marked variation. :

13880
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A malarial survey of two adjacent #4anas in the centre of the endemic area,
comprising' a spleen census of the children in every village, shews that the level
of malaria is very uniform and that villages on dead rivers and b/eels do not
differ so markedly as might be expected from their neighbours placed in more-
opén and drier situations.

 The absence of mosquito larvee in permanent waters and the importance of
fish as destroyers of larve is dealt with. ’

The report states that there is no evidence in support of the view that jungle
produces malaria. Itis pointed out that the so-called jungle is really a planta-
tion of fruit trees and bamboo, and that the amount of jungle is a measure of
the age of the village; therefore to attribute hyperendemic malaria to the
presence of jungle is fallacious, the real explanation being that very jungly
villages are old villages and being old were attacked during old epidemics
and remained infected. The less jungly villages are new colonisations occupied.
by immigrants after the epidemic years.

Kala'Azar is found widely distributed but does not account, in the opinion
of the author, for more than § per cent. of the splenomegaly.

The anophelines of Bengal include three Myzomyias— Liséons, Culicifacies
and Adlbirostris. Myszorhynchus Nigervimus and Barbirostris are common, but
the only species which is really abundant is Nyssorhynchus Fuliginosus. Dis-.
sections of this mosquito shewed that the salivary infection rate was less than v
per 1,000. -

Statistieal results do not show any particular factors influencing malaria,
except inthe dry areas of Chota Nagpur and Orissa where high prices apparently

produce a high tever death-rate.

In the summary and conclusions, the report emphasises the nature of the
delta and the vast arca affected and the difficulties of comprehensive drainage
schemes which would be undertaken in opposition to the natural phenomena of
delta formation. Smaller drainage schemes are very expensive and the benefits
of these, if any, would be very local. = The conclusionis therefore Teached
that the best preventive measures that could be adopted are village sanitation
and adequate treatment of the sick, so as to reduce the gamete carriers which
are the reservoirs of the disease and keep it going from year to year, Village
sanitation in the present state of public opinion is non-existent ; the importance
of education is therefore most strongly insisted on. '

The non-deltaic parts of the province are briefly dealt with. In the
Darjeeling Terai, hyperendemic malaria exists with a very small anopheline
population, -

In Chota Nagpur, hyperendemic malaria exists only in the submontane
regions ; the open plains where rice is cultivated are malaria free,

In Orissa the villages bordering the Chilka Lake weré highly malarious and
many varieties of anophelines were found breeding in the brackish water. Away
from the lake the villages are free from malaria.

Major T. G. N. Stokes next introduced his paper on Malarial investigation
.- Malarial Investigation in the Central Pro. 1n the Central Provinces: the following is
vinges. a Summary : ==

The malarial investigation in the Central Provinces has been in progress
during the winters of 1910-11 and 1911-12, and is now completed in 10 of the a2
districts. The completion of the work in the remaining districts is to be has-
tened by investigations throughout the year. Endemic malaria is widely pres.
valent more particularly along the Satpura hills. The causes assigned are the
‘presence of jungle, etc., in the vicinity of villages, the presence of harmful ano.
phelines, low economic condition of the people and .social conditions. Endemic
‘malaria increases the death-rate by about 10 per mille per annum. Villages of
‘the Vindhyan range of hills. are not hyperendemic—harmful anophelines are
few. Severe epidemic malaria has not occurred inthe province. Resulis
of investigations tend to show that scarcity and high sub-soil water are net
essential to epidemic outbreaks. '
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Brief particulars are given of two cases of Blatk-water fever among Euro-
peans, one however being fegarded rather as a case of malignant malaria.

Captain Hodgson next spoke, on some points of interest in the malarial
survey of the New Imperial Delhi. Two or three facts of interest he said have
come to light in the course of the investi-
, . “gation, The district is divided by a range
of hills and this gives rise to two distinct areas, The river runs from north to
south. The area bordering the river is exceedingly malarious. The area
which is to contain the new capital shows a low spleen rate and is the most
healthy of the whole district.

Anopheles show striking differences in their relative proportions; 7,400
were examined. In the Darbar area Culicifacies outnumbered Rosst. In the
new area XRossi outnumbered Culicifacies. In the city of Delhi itself the
numbers also vary, Rossi easily lead, Stephensi comenext, and Culicifacies
last of all. Captain Hodgson, like Major Fry, has not found a single infected .
Fu/z:g'z}éosus. Five per cent. of Culicifacies and tour per cent. of Stepnenss were
infected. A

Malarial Survey of Imperial Delhi.

- As regards subesoil water, in the Darbar area, it was only 7 feet andin
some places only 3 feet from the surface. In the city, on the other hand,
it was about 16 feet; at the new site the depth drops to 30 feet. There seems
to. be a very close relation between the spleen rate, depth of sub-soil water and
the percentage of dangerous anopheles present.

The Bela is a stretch of land which is largely marshy. The anopheline
larvae found on this stretch of land were in-extraordinary numbers. The Bela
extends along the eastern wall of the city and from it great numbers of
anopheles come into the city. When the situation of No. I Ward to the Bela
s taken into account, it is not difficult to understand why it shows itself to be
specially infected. Out of 25 individuals attending the malaria class, 8 deve-
loped fever in spite of the fact that they were all taking prophylactic quinine
except one who took none and he had a ‘malignant infection. As regards the
troops, they are quartered on the eastern side of the city facing the Bela.
The incidénce of malaria amongst them corresponds closely to that fourd in
the city. :

The malaria rate showed a very definite rise in April and May, though
these are rot rainy months. This may indicate that zygotes mature only in a
definite temperature and that special attention in investigation should be given
to humidity and temperature.

Major E. L. Perry then- spoke on the endemic Malaria of the Jeypore
Agency Estate, Madras Presidency, and illustrated his address with charts. The
following is a synopsis of his notes on the

Malaria in the Jeypore Agency Estate. .
] geey subject :—

There is very little malaria in the greater portion of Vizagapatam Town,
the spleen rate of children being under 2 per cent. Close to the harbour
and near the Coromandel Company’s office, however, a high spleen rate is found,
and on the south side of the harbour the spleen rate of children in the villages
reaches as high as 7o per cent. This condition of affairs may have arisen from
the silting up of the harbour, interfering with the natural drainage of the
surrounding land. So marked a variation in the amount of malaria within
quite a limited area, if studied, should throw light on the relation of malaria to
the numbers and conditions of anopheles necessary to carry it. There are
abundant breeding places in and about Waltair. As two instances, of places
on the East Coast of Madras, which have become highly malarious, though
originally healthy, Ennur and Ganjam were cited, it would be advisable to
determine whether malaria and the conditions causing it are likely to spread
further into Vizagapatam. A large colony of fisher people were some years ago
removed from Vizagapatam Town to the south side of the harbour, but they
suffered so terribly from malaria there that the municipality had to allow them
to return to the town.
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A map was exhibited showing the position of the country investigated.
It lies entirely in the Eastern Ghats inland from Vizagapatam and borders
both on the Central Provinces and Orissa. As shown it may be roughly
divided into three plateaus. The upper, or, 3,000 feet, plateau comprises the
Pottengh, Koraput and Padwa fal/uks; the Jeypore and Naurungpore faluks
comprise the 2,000 feet plateau, and the Malkangiri fa/wé forms yet a lower
plateau, sloping from six or seven hundred feet above sea level down to
the Godavery. The upper or 3,000 feet platcau differs from the two lower
plateaus in being covered with low hills, from the sides and bases of which appear
innumerable perennial streams. It is these perennial streams which constitute
one of the specially malarious features of the 3,000 feet plateau. Through-
out all three plateaus the preponderating geological formation is laterite. The
‘hills are inhabited by wild and primitive tribes of whose origin but little is
known. Many of them speak dialects of the Munda family of languages. From
the writings of Risley, Thurston and Grierson it would appear that the Munda
language is entirely distinct from Dravidian. It therefore appears possible that
these tribes may be even older than the Dravidians themselves. There i5 no
reason to suppose they ever lived under less primitive conditions than the
do at present. They certainly must have occupied jungles similar to those they
do to-day for many thousands of years, Inthe course of these thousands
of years it is probable that all but the most virulent strains of malarial parasites
have been eliminated from the blood of these aborigines. ‘

The charts prepared to show the rainfall in different parts of the country,
demonstrate that the rainfall does not determine the malariousness of any
place. This is also obvious when the fact is considered that places within a mile

or two of one another can have such widely differing spleen rates as 25 per cent.
and 8o per cent,

A map of the country around Koraput which was shown, brought out the
relationship of the perennial streams of the upper plateau to the amount of
malaria. Koomba which has a comparatively low parasite rate in the spring,
has fewer perennial streams adjacent to it than Chindrigaon and Koraput villages
which have a higher parasite rate in the spring. The parasite rates become
equal as the rains are becoming established, The spleen rates are identical.

On the upper plateau, denuding the country of jungle to the verge of deso-
lation does not appear to reduce the spleen rate much more than from g5 per
cent to 85 per cent. On the lowest plateau which is flat and not broken up into
innumerable hills, nor intersected by a multiplicity of streams, clearing the jungle
and substituting rice cultivation may in places 'bring the spleen rate down to
as low as 25 per cent., a figure recorded in a village near Naurungpore.

On the lowest plateau the proximity of large deeply cutting rivers, such as
the Kolar and Indraviti, appears to favour a great lowering of the spleen rate.
This is probably due to the fact that the tributaries of such rivers flow largely
below ground.

A map exhibited showed the remarkable variations in the spleen rate in
villages in the neighbourhood of Jeypore. In the neighbourhood of Naurungpore
further from the hills, still lower spleen rates were recorded.

Charts exhibited showed the spleen rate amongst the different castes and
tribes and exhibited the vastly different manner in which the aboriginal and
immigrant races react to malaria. Stress was laid on the importance of
observing the spleen rate of all ages-if the manner in which a community reacts
to malaria is to be understood.

Another chart showéd the percentage prevalence of anopheles on the upper
plateau throughout the twelve months that they were kept under observation.
Anopheles on this plateau are prevalent throughout the whole year. It was
shown how the stream breeding species abound in the dry season and how
they are suppressed with the exception of Lisfoni and Feyporiensis during the
rains. Culicifacies comes and goes with the rains,

The great prevalence of quartan in this country and the fact that malignant
-parasites are very rare except when Culicifacies is present, is strong presumptive
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evidence that the stream breeding species Listonz, lheobaldi, Feyporiensis and
Maculipalpis are largely concerned with the carriage of quartan, and that Culici-
Jacies is chiefly concerned with the carriage of malignant parasites. The
evidence acquired in the Punjab strongly supports this view, for where in the:
Punjab quartan parasites are excessively rare, such stream breeding species are
also excessively rare or absent, The low degree of prevalence of malignant
parasites amongst the aborigines of the Jeypore country may partly be due to
increased resistance to that parasite.

Major Perry instanced the Jeypore Estate as an example of a country where
a great anti-malarial operation, namely clearance of jungle, should prove of great
benefit provided it was undertaken with discrimination.

Dr. Bentley introduced his paper on “a new conception regarding malaria.”

After emphasizing the distinction between mere malarial infection and
malarial disease, the different results to
be observed in infections among none
immunes and those partially tolerant respectively, and the fact that infestation
by malarial parasites is not to be considered as invariably an abnormal condition,
but often as natural among primitive races as flea infestation is to a dog, the
paper proceeded to outline a new hypothesis regarding epidemic infective diseases
in general, and showed its special applicability to the case of malaria. After
premising that man, in common with other organisms, always tends to become
adjusted to his environment, which often includes a host of parasites of all kinds,
it is suggested that the occurrence of epidemic diseases 1s always the result of
a serious change in environment, by which conditions formerly {avourable to life
have become unfavourable. Such changes may be either the introduction of
an unfamiliar parasite, the effect of unusual seasons, or the result of the vast
upheavals produced among primitive parasite-laden races by advancing civiliza-
tion. Epidemiology therefore involves the study of populations in relation. to
their environment, of which their special parasites form only a part ; and the
proper study of malarial disease necessitates an examination of all the factors
influencing the life of the affected community, besides those specially related
to the condition of infection. ~ The prevention of disease and the final
elimination of parasite infestations, especially that of malaria, can often be
achieved more quickly and surely by indirect” methods than by direct attacks
upon the disease. Improvement in agriculture is probably the most useful
measure that can be used against malaria among rural populations.

A new conception regarding malatia.

Dr. C. A. Bentley then introduced another paper on some problems pre-
sented by malaria in Bengal. The follow.

Malaria Problems in Bengal, . .
Ing is a summary :~—

In certain areas in Bengal, depopulation has been going on for many years.
These areas invariably show a high incidence of malarial infection, and a heavy
death-rate, and it has usually been supposed that the depopulation is due to
an increase of malaria, Investigation shows, however, that a decay of prosperity
following upon the impoverishment of the soil, in areas no longer receive a
supply of rich silt from the overflow of the subsidiary channels of the Ganges,
which intersect the deltaic portion of Bengal, is largely responsible for depopula-
tion. The process of soill exhaustion has also been hastened by the extensive
planting of jute. As a result of these changes many communities have been
reduced from a former state of prosperity to one of poverty, much land has
g{)ne out of cultivation and a co-incident increase of malarial infection has taken
place.

The remedy for this condition is not to be sought in special drainage
schemes, extensive jungle cutting or other more direct attacks upon malaria,
but by an improvement in the methods of agriculture which may eventually
-estore the prosperity of the affected areas.

THE DISCUSSION.

_ Major Graham said that his experience corresponded with that of Major Fry,
with regard to Fuliginosus, thatisto say, that it is difficult to incriminate this
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mosquito as an important carrier. He had been incriminating fewer and fewer
for the past three years, and this year he had not been able to incriminate any.

Major Lalor said that the discrepancies between Major Fry’s observations
and his own, with regard to the part played by Nyssorhynchus Fuliginosus as a
malarial carrier in nature, induced him to make a brief disclosure of a subject
which he had intended to reserve for future communication; he therefore
announced the following provisional thesis.

Of anopheles which in a given locality—with a sfafionary population—are
potential malarial carriers, one alone may during a given period be found to act
as a malarial carrier while its sporozoit rate will vary to the point of ultimate
disappearance. When such disappearance takes place the malarial carrier
concerned will be found replaced in that capacity by one of the remaining
potential earriers of the locality, which in its turn may be replaced by yet
another.

Captain Hodgson said that the Bela at Delhi, which before its clearance
of jungle, gave numerous breeding places of Barbirostris, presented a very
different state of things now that the clearance had been effected. Referring to
wells he described a method that had been adopted of dragging a net over the’
top of a well in order to trap larvae. He said that Stephensi was a larva
which rapidly sank to the bottom of a well and stayed there a very long time, a
fact which may materially affect the catch. The dropping of the net into a well
with a splash would cause the larvee to drop as they were very nervous and the
slightest disturbance would cause them to sink.

Dr. Rutherford said that in West Africa jungle clearing was considered of
paramount importance. It was insisted on in and around all the villages. The
decrease or absence of malaria was generally attributed to this measure,

Major Graham, speaking of Major Perry’s remarks on aboriginal tribes in
relation to malaria, said that Major Robertson and he had made an enquiry in
190g into the malarial conditions prevailing amongst the aborigines (Tharus and-
Bukhsas) of the Naini Tal Terai who were currently believed to be immune to
malaria, a fact mentioned in the Gazetteer. They were found to be the reverse of
immune and their children showed a heavy malarial mortality. Living alongside.
the aborigines were plains immigrants, and it was found that the aborigines
showed a very definite relative immunity, in other words, a racial immunity of a
much higher degree than that of the immigrants.

Dr. Bentley pointed out that in Bengal the difficulty was that they had
not to clear away primary but secondary jungle, that is, jungle which had grown
up upon old or exhausted village sites. It was not productive but unproductive
and exhausted soil which they had to clear, and which occurred in country going
out of cultivation. :

Major Stokes said that in the Central Provinces experiments are being made
as to the value of jungle clearing and “ water-tidiness " in some, selected villages
situated in hyperendemic areas. The villages have been taken in pairs, the two
members of a pair possessing similar endemic features. One village is used as
a control, measures being concentrated on the other. Quinine is of course
withheld so asto try and demonstrate the real value of anti-mosquito work
in them. The experiment was probably a costly one, but should give valuable
results.  The people had not raised any difficulties whatever.

Major Fry said that money had been granted by the Government of India
for experimental work in regard to jungle clearing. He also described the real
jungle growth of Bengal. A thick jungle was a sign of a large or a very old
village that had always been a hot-bed of malaria.

' Major Perry said that the only place he had found in which jungle clearing had
any beneficial effect was upon the lower plateau of Jeypore, He thought it was
necessary to take into account the geological formation of a country ingconsider-
ing its relation to jungle clearing. Referring to Major Lalor’s remarks concerning
the burning of jungle, he said that the jungle on the upper Jeypore plateau was
burnt every year, but that did not appear to have any good results. :
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Dr. Bentley said.—~When Major Perry spoke of the influence of economic
-conditions upon malaria, he referred to a continuous state of affairs, whereas,
the economic conditions which he considered as of the greatest importance were
those which were subject to sudden alterations.

Major J. D. Graham, Special Malarial Officer, United Provinces, than spoke

Anophsline distribution in the United Pro- ON mosquitos in his province and illustrated

~viaces, his remarks with charts, The following
is a summary of the paper.

The accumulated obsetrvations of the special officer for malaria since Novem-
ber 1go8 have provided data for a brief statement of the provincial anopheline
distribution, The province from its physiographical and economical aspects would
lead one to expect gradations into the fauna of the Punjab on the north.west,
Bihar on the south-east and the Central Provinces on the south. Dividing it
into a Himalayan area of hill and terai, a sub-montane area, a doab or riverain, and
acentral dry area, we find that the upper Himalayan fauna is sharply demarcated
from that of the doab, and merges by gradations into that of the terai and-
sub-montane, Observations have been made in the upper Himalayan region at
Almora, Ranikhet, Naini, Bhowali, Dharmoti and Kalighat; in the terai of
Dehra Dun, and Naini Tal as far as Nepal; in the sub-montane region at
Saharanpur, Nagina, Moradabad, Bareilly, Pilibhit, Gonda, Basti, Gorakhpur;
in the doab at Kairana, Meerut, Muttra, Kosi, Etawah, Fatehgarh, Cawnpore,
Allahabad, Fyzabad, Ghazipur, Ballia ; and in the central region at Rai DBareli,
Lucknow and Hamirpur. And briefly the findings have been that Cuiicifactes
and Fuliginosus are universal: Rossz is not found in the hills, but appears in
the terai andisin abundance everywhere else : the mountains give Willmort
and Lindesayi but neither Stephensi, Nigerrtmus, Barbirostris, Pulcherrima
nor Maculatus: Stephensi and Nigerrimus appear in the terai and continue
through the othér areas, while Buarbirestris and Pulckerrima appear in the sub-
montane area, persist in the doab, but are not found in the central areas or
Bundelkhand : Maculipalpis is not found in the mountains, appears in the
terai and diminishes towards the doab : 7. Stmlensis appears in the Himalayan
area: Maculatus appears in the teral: Fulche . ima is comparatively rare.
Since the 1908 epidemic a series of mild malarial years may have caused a
quantitative and qualitative alteration in the species which it is difficult to
estimate, but a very similar sequence of appearance in widely separated areas
would indicate considerable regularity in the laws governing their bionomics
which only extended observation over a series of successive years in fixed
localities is likely to establish. :

Rai Kailas Chandra Bose Bahadur next introduced his paper on the breed-
ing of mosquitos, of which the following is a summary :—

Mosquitos breed better in old than in new earthen vessels. They resent the
earthy smell of new pots. They dread
to approach glass bowls when placed
over a mirror and kept in a welllighted room. Two to three daysis the
average period for the hatching of eggs. Mosquitos generally select the small
hours of the morning for laying their eggs. The larvae thrive well when
some nutriment is put into the vessel of water, and thiey pass into their pupal
stage on the fourth day. Under ordinary circumstances they take five days to
reach their pupal state. Saturated solution of sugar is a bad medium for the
breeding of mosquitos, Green Anhatoda vasica is no bar to the growth and
devclopment of mosquito larvee. Kerosine is simply unique in its larvicidal
property. Pupae require no food and the pupal stage ranges from two to three
days. The transition from the pupal to the mosquito stage is uneventful,
Mosquitos resent strong smells and at times they show signs of possessing
the sense of hearing.

A paper by Colonel J. R. Adie, LM.S., and Mrs. Adie, entitled ‘Note
St o ,. of anenquiry into malaria and mosquitos
Mal d h . :

Vpi{l%y:m :nt ,mosql:tos " t: bli:sm: 1fn the dKashmlr Valley” was then read,
_ Relation between the seasonal birth an ollowe by a paper by Major J C
death . . by, . C.
eath curves o _ Robertson, I.M.S., entitled *“ A short note
on the relation between the seasonal birth and death curves.”

The breeding of mosquitos.
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SECOND DAY.—NOVEMBER 19.

The delegates reassembled at the Council Chamber, Fort St. George,
Madras.

The first paper presented was on the hamolytic action of quinine and its:
salts with suggestions regarding-.the:
etiology and treatment of black-water fever
by Major A. C. MacGilchrist, M.A., M. D, The following is a summary of the
paper:—

Quinine and its Actlon,

Classification of quinine salts according to their hamolytic power in vitro.

( Q. bi-hydrochloride.
1 Q. bi-sulphate.
" . . Q. bi-hydrobromide.
I. Strohgly hamolytic (acid salts).{ &, urea bi-hydrochloride.
“Indian hypodermic injection ” (see Squire's Compa~-
[L nionto B.P.)

Q. quinate, Q. benjoate, Q. salicylate.
Q. sulphate.
Q. hydrochloride,
Q. hydrochloride -+ antipyrine.
Bacelli’s intravenous injection.
l (Q.hydrochloride + sodium chloride). .
Q. hydrobromide, Q. formate (basic), Q. lactate.
L Q. valerianate.

I1. Slightly hemolytic ... ..

—.A.__—-—-\

Q, cacodylate.

11, Very slightly haerholytic {Q. carbonate.
Q. acetate.

IV. Non-hzmolytic, yet'do not [ Q. arsenite.
delay antolysis, 1. e., inactive, { Q. phosphate.

V. Non-hzmolytic  and delay {Q. arsenate.
antolysis. Q. alkaloid or base.

Quinine hamolysis in vilro.—~The acid salts of quix;ine are powerful
hzmolytic agents ; the neutral salts are slightly hemolytic; the alkaloid quinine
itself is not merely non-hemolytic, it delays autolysis.

Quining hamolysis in vivo.—Under ordinary conditions very large doses of
an acid mixture of quinine can be given to rabbits without any hzmolytic effects
becoming manifest. The hemolytic tendencies of the acid quinine mixture:
become apparent however.in two ways. Firstly, if the blood of a rabbit be kept in
contact with this quinine mixture for three or four hours, even in a vein, hamo-
lysis takes place ; secondly, blood taken from a rabbit within three or four hours.
after injection invariably hamolyses sooner than blood drawn before injection,
This latter effect was most evident in the case of young rabbits.

The chief factors which under normal conditions preclude hzmolysis by an
acid mixture of quinine #n vsv0 are— :

(1) Greater concentration of the blood as compared with the 5 per cent.
suspension used in experiments in vitro, (2) the presence of the serum, and,
above all, (3) the neutralising effect of the blood plasma and the defensive:
action of the crganism, exercised particularly through the liver, whenever there
is danger from the presence of foreign acids and diminished alkalinity of the
blood. In the presence of an acid dyscrasia and disordered liver, the results
might possibly be very different.

Suggestions regarding black-water fever.—That some third factor is neces-
sary besides malaria and quinine in the causation of black-water fever is generally
acknowledged : may it not be an ‘‘acid dyscrasia”? Christophers and
Bentley conclude that the third factor is a spectfic hemolystn without being
able to exclude the possibility of & chemico-toxic body being at  work,
There is a mass of experimental and clinical evidence which supports the
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hypothesis of a diminished alkalinity of the blood in black-water fever, and the
most successful methods of treatment in this condition are those that provide
for the introduction of large amounts of alkali into the blood of the patient.
The most striking symptoms of black-water fever are exactly those of “acidosis”
or “‘acid poisoning.” It is stated that potassium salts are taken regularly by
the natives in the Sudan as a prophylactic against black.water fever. The
hypothesis of an ‘““acid dyscrasia ” affords a readier explanation of the incidence
and geographical distribution of black-water fever than does any other theory
yet put forward. Granted a condition of diminished alkalinity of the blood,
combined with malaria and quinine administration, it is evident that a vicious
circle would be set up. The blood and urine of patients suffering from black-
-water fever require examination with a view to determine whether or not acidosis
s present.

Major A. C. MacGilchrist also contributed a paper regarding the pharma-
Uses of Quinine. cological action and uses of quinine.

The following is a summary :—

Of the annual number of admissions to hospital for malaria, two-thirds
are relapses and only one-third are fresh infections. This shows that the
© present treatment of malaria is insufficient. If relapses could be eliminated
by efficient treatment, more than two-thirds of the present incapacity
due to malaria would disappear as those individuals that are liable to relapses
by “ carrying” infection, are responsible for the majority of the cases of fresh
infection.

For efficient treatment, still larger doses of quinine are required. Larger
doses than those usually given at present can be given with safety and benefit.
~ Large doses of quinine taken with or soon after meals, at intervals of eight
hours, keep the concentration of quinine in the blood at a high point throughout
the twenty-four hours. No objections, either clinical or theoretical, to giving
quinine during the fever period, exist, if the fever be due to malaria.

The after-treatiment or disinfection of  a malaria patient.—Are large doses
daily better than large doses on two or three consecutive days at intervals of a
week or so? This point can be settled only by actual clinical tests.

Prophyjaxis.—Fifteen grains of quinine on two consecutive days each week
are, for all practical purposes, an absohite preventive of malaria fever during the
period such prophylactic treatment is carried out. This prophylactic treatment,
however, does not disinfect the individual ; it merely keeps the malarial parasites
in subjection. After this quinine prophylactic treatment is stopped, relapses may
occur.

Quinine prophylaxis does not increase the tendency to or favour the occurrence
of relapses after such quinine prophylaxis has been stopped.

Action of quinine on blood vessels.—There is very little agreement amongst
pharmacologists regarding the action of quinine on blood vessels. In poisoning
by quinine, respiration invariably fails before the heart stops beating. By artificial
respiration an animal can be kept alive for hours after natural respiration has
stopped, In cases of quinine poisoning there is hope of recovery until the heart
1s;tops and refuses on mechanical stimulation (rhythmic pressure) to resume

eating. : '

Action of quinine on the pregnant uterus.

Four conditions of the uterus are to be considered—
Non-pregnant uterus—
1. Non-menstroating ( inactive).
2. Menstruating.
Pregnant uterus—
1. Quiescent,

1385C
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2. Active, 7.e., abortion or labour (normal or premature) threatened or
" ) process

Two kinds of uterine muscle contraction have to be consideredeme
Expulsive.
Non-expulsive.

.. Experimental evidence and clinical experience agree that quinine, although it
will greatly increase the expulsive contractions of the already active pregnant

uterus, cannot induce or originate expulsive contractions in the quiescent pregnant
uterus,

Quinine as a local anzsthetic,

The action of quinine as a local anasthetic practically amounts to a chemical
resection of the nerves.

A plea dfor a more extended use of quinine base.
The advantages of a pure precipitated amorphous quinine base are—

(1) Sparing solubility.
(2) Comﬁirative tastelessness.
(3) Absorptioﬁ as quick as with a salt.
(4) Bulk and weight small.
(5) Non-hamolytic action,
(6) Cheapness,
Quinine base can be administered intravenously in two ways—

(@) Asa 1 in 133 solution in 33 per cent. alcohol in saline.
(6) As a 1 in 2,000 or 5,000 solution in saline.

Intravenous infections of quinine salts.—A solution so concentrated as r im
50 1s not recommended : the bulk of injection should be two or three pints.

Subcutaneous infusions of quintne salt.—~Dr, W. M. James (Panama) recont
mends subcutaneous infusions in a dilution of 1 in 150. He gives large doses;
e.g., 30 grains in 10 ounces of saline in pernicious cases of malaria and reports
excellent results, but Major MacGilchrist from his experiments on animals
fears there must be extensive tissue destruction.

THE DISCUSSION.

) Dr. C. A. Bentley complimented Major MacGilchrist on the excellent work

he had done, but said that he did not agree with his conclusion on black-water
fever, and took exception to his theoretical statements on the ground that the
effects produced in vitro cannot be produced in vivo. Even large doses of hemolytic
salts and hemolytic serum will not produce hzmolysis in vivo. The effect of
injection of hemotoxins and haemolytic sera is first to produce enormous phagocy»
tosis, and enormous engorgement of the spleen almost immediately after. The
phagocytosis precedes hamolysis by a long period. Major MacGilchrist had alse
entirely ignored hazmolysins, although the existence of these bodies was well
known and could be easily demonstrated. In cases of severe malarial anemia
Major Christophers and he (Dr. Bentley) had demonstrated the presence
of antihmolysin. This was probably as near as they could get to giving
definite proof of the action of such bodies as hamolysins in vivo. As regards
the use of quinine and black-water fever, those who have worked
in districts showing black-water fever know how this disease has been almost
eradicated by the proper use of quinine. Dr. Bentley thought there was a

reat danger in raising any idea of the toxicity of quinine and questioned Majlor
i’lacGilchrist's statement that the symptoms of black-water fever were essentially
those of acidosis. An acute case of black-water fever resembled very closely a
severe case of hamorrhage as far as the symptoms of collapse and air hunger
are concerned.
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Major Perry wished to ask Major MacGilchrist if black-water fever be
due to acidosis, how it was that such symptoms gid not decur in other
circumstances in which acidosisqoccurred. -He asked hdw-was it that black-water
fever was not known in the Punjab, and yet in this prevince severe malaria was
well known. He advised that the ethnographical conditions of a country should
be considered even more than the geographical conditions in studying the
distribution of black-water fever. The native.of a country did not get black-
water fever, and Major Perry considered that it was not a question of what
articular country a European went to, but of what people he lived amongst.
ajor Perry considered that the presence of black-water fever was associated
with the virulence of the malaria parasite and repetition of malarial attacks.

Dr. Korke asked Major MacGilchrist the following questions.

Is air hunger a pathognomonic sign of black-water fever? - His experience
in the school of tropical medicine had been different. Could ot the air hunger
be explained by the acuteness of the dyspncea consequent on an acute hamolysis?
He did not see why it should be attributed to acidosis, He further asked
whether observations on the stomach contents had been madc, sp as to determine
the amount of alkali present, as his experience went to prove that the more
“acidosis there be the greater the alkalinity of the stomach contents.

Captain Berkeley Hill desired to know the experiences of other delegates on
the question of the non-depressing action of quinine in doses not exceeding
g0 grains.

Dr. Rutherford agreed with Dr. Bentley that great harm had been done in
countries where black-water fever existed by the statement of Dr. Koch regard-
ing the toxicity of quinine. ‘The expression of such an opinion was excecdingly
dangerous. As regards air hunger, it resembled -that seen in violent.
hzmorrhage. The treatment of black-water fever required the injection of large
quantities of fluid to make up for the loss and he had not found any advantage
from the addition of alkali to ordinary saline. Death from black-water fever
was like that which takes place during parturition.

Major Lalor said that he thought it would be admitted that some observed
peculiarities in the ‘geographical distribution of black-water fever have not yet
been satisfactorily acceunted for. With this reservation, the distinguished
researches of Major Christophers and Dr. Bentley with regard to black-water fever
went far to substantiate the view that it was due to an auto-hamolysis sequent
upon severe malaria. These researches tended to minimise the part which
quinine has hitherto been supposed to play as a factor in the c¢ausation of black-
water fever and in this respect they were supported by the conclusions of
Major MacGilchrist—as formulated in the two valuable papers contributed by
him. They were further supported by the opinion of Professor Celli in his essay
upon Malaria in ltaly during 1910, to his translation of which he invited atten-
tion. It appeared then to demonstration that the regular use not only of Prophy-
lactic,’ but also of  Phylactic,” quinine, was devoid of all harmful results to the
individual consumer. As to the question of its utility, Major Lalor said it was
some considerable time before the best methods of quinine administration in the
treatment of malarial fever were thoroughly understood, but it was now
abundantly clear that to get the best result from quinine in the treatment
of the sick, the drug has to be employed in” suitable doses, by suitable
methods, with suitable preparations, and at suitable times of administration.
Common sense required us to believe that these four factors were of no less
importance in the preventive use of quinine than in its use for curative

urposes. He emphasised the distinction between the ¢ Prophylactic’ and * Phy-
actic’ uses of quinine, so as to make it one not merely of separate nomencla-
ture, but also and particularly one of separate method. He therefore would
consider first the most suitable method of ‘ Prophylactic’ administration.
Professot Celli advocates the employment for this purpose of quinine in a divided
adult dose of 6 to 8 grains daily, half to be taken in the morning and half
in the evening. This method had an obvious scientific basis, for it insured that
4 certain small amount of quining would always circulate in the blood, and this
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amount-—plus the power of resistance in a healthy individual was probably sufficient
for his complete protection. An alternative method commonly employed was
. that of admininstering quinine twice weekly on each of two successive days in
" single doses of 10 to 15 grains. If one such dose be taken on Saturday morning
and the second on Sunday morning, it was reasonable to suppose that the blood
would be free from quinine from the following Tuesday morning to the next
Saturday morning inclusive—a period of four days——during which severe infec-
tion might quite conceivably establish itself, especially in view of the fact that
the plasmodium in the human body tended to propagate its species in geomet-
rical progression.

He then turned to the consideration of the best method of administering
‘Phylactic’ quinine, and this involved reference to a suggestion which he said
- he would deal with at greater length in a subsequent communication, Briefly
it amounted to this:—that, in obedience to a law of biological conservation
the plasmodium when subject to adverse intra-corporeal influence, such as the
presence of quinine in the circulating blood, tended to change from a form
biologidally active but vulnerable to specific remedy into one of biological inertia,
in which its balance of vital energy assumed a potential phase more or less
invulnerable to quinine. This form was of course the gametocyte, and the trans-
formation which resulted in its appearance might, in a malarial subject who took
his quinine in ‘ Phylactic’ doses daily, give slow rise cumulatively to quite a
number of gametocytes in his blood and internal organs, especially the spleen.
It was likely that as soon as quinine was no longer present, those (probably only
the quinine resistent) forms were capable of reverting to their original state of
biological energy, by a process known as Parthenogenesis, the actual occurrence
of which was well authenticated. It might be assumed that all starting from
the same phase and pursuing similar periodicity would eventnate in so large a
number of colncident merozoites, as to give rise to a febrile relapse.

The suggestion pursued to its logical limits presented further highly interesting
considerations, but he remarked he would not then deal with these. It accounted in
a rational manner, for the relapses observed to follow the consumption of quinine
by chronic malarial subjects, and partially accounted for the fact that individuals
" who had been exempt from fever while in malarial localities, got fever for the
first time shortly after their return to a healthy place. In such cases one might
conclude that regfilar quinine consumption—whether ‘Prophylactic’ or ‘ Phy-
lactic ~~had been dropped at once after return instead of having been continued
for a fortnight or more.

The best method of ¢ Phylactic’ administration of quinine had yet to be
decided. '

Captain Hodgson remarked that Major MacGilchrist had said that 15
grains given twice weekly was stated to be a prophylactic. This was not his
experience. Had Major MacGilchrist sufficient controls? - In certain mild years
this amount might be effective, but he did not think it would be so in severe
years.

Rai Kailas Chandra Bose Bahadur agreed that large doses of quinine
should be given for prophyl--tic purposes. Small doses absolutely failed to give
the desired effect. - :

Major Glen Liston pointed out a statistical fallacy in Major MacGilchirst’s
figures, Major MacGilchrist had said that to ensure the taking of quinine he
had instituted certain punishments. Those who came to the hospital with fever
were fined. The fact that this was so, vitiated the figures he bad put forward.

Major MacGilchrist, in reply to Dr. Bentley as to the impossibility of produc-
ing hamolysis in healthy animals, said that the reasons for this fact were given in
the paper. The state of a human body in which black-water fever was found was
not healthy. According to Dr. Bentley the first dose of a specific hzemolytic
serum produced phagocytosis and the second hemolysis. Could the first dose
not have produced acidosis which helped to produce the hemolysis ? He was -
entirely in favour of the administration of quinine for black-water fever but it
would have to be guarded by administration of alkali, Dr. Bentley had referred
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“to but one symptom as being characteristic of black-water fever and had drawn
attention to its resemblance to the same symptom in_hamorrhage ; Major Mac-
Gilchrist had referred to several symptoms resembling those of acidosis. The -
assumption of a specific hzzmolysin was no explanation, and was a refuge for
ignorance, With regard to Major Perry’s remarks, he did not state that acidosis
produced black-water fever; it was only one of three factors and, therefore, his
contention was not applicable. Air-hunger was common 1 all acidosis diseases.
In reply to Captain Berkeley Hill he said that depression sometimes followed
the administration of quinine and he thought it was merely temporary depres-
sion due to nausea caused by the bad administration of quinine and the use
of too soluble salts, This depression occurred before any quinine could possibly
have been absorbed. With reference to Major Lalor’s remarks as to Celli's
method of administering 5 to 8 grains daily, he said that Celli himself stated
that he got 8 per cent. relapses amongst those undergoing his own special
treatment ; the prophylactic treatment advocated by Major MacGilchrist
showed less than one per cent. of relapses. As regards what Captain Hodgson
had said, if he were not getting. good results from administering 15 grains, he
should look to the adulteration of the quinine for the cause. As regards cons
trols, he had had warders as controls. With the warders, quinine was optional and
they all refused it-and none of them escaped attacks of malaria. Major Glen
Liston had said that Major MacGilchrist’s employment of punishment vitiated his
statistics. This was not so, for prisoners could not work when they had fever,
and there was a more severe punishment, than the slight one he inflicted, awaiting
them if they did not complete their work daily. Moreover, none were actually
punished : the warning during the first month was sufficient to produce the

desired effect.

Dr. C. A. Bentley, Special Deputy Sanitary Commissioner, Bengal,
‘ then ~presented his paper on Quinine
Propaganda.

Quinine Propaganda.

Attention was drawn to the fact that although India consumes at pre-
sent about one-sixth of the world’s supply of quinine, the vast proportion of
the population which suffers from malaria receives no benefit from the remedy.
A great deal of the quinine actually consumed also is wasted owing to the
ignorance of medical men and the general public. So far the methods usually
adopted to popularize quinine have largely failed to achieve their purpose. The
pice packet system has led the poor fo waste money fruitlessly. Quinine
treatment in charitable dispensaries serves to demonstrate to sufferers from
malaria the apparent uselessness of the drug owing to the inadequate dosage
employed. The sale of quinine below cost price mainly benefits the well-to-do
educated classes. The increased profits allowed to vendors of Government
quinine, have failed to induce them to push the remedy because the demand for
it is so small that the return they get does not pay them for the trouble of stock-
ing and selling it. To remedy these he suggested the adoption of a system
similar to that employed in ltaly—selling quinine at a small profit, widely
advertising it, and devoting the revenue obtained to grants of quinine to dis-
pensaries, etc. In conclusion he pointed out the danger of a shortage of quinine
in the future and urged the extension of cinchona plantations in India.

The next paper introduced was by Major J. D. Graham, Special Malarial
Officer, United Provinces, on School
Quininization Experiments in the United
Provinces. The following is a summary. :

School Quininizatios.

Systematic experimentation on quinine prophylaxis amongst scholars in
district schools, as representing a good type of an organised community, was
carried out in August, September, October and part of November 1909 in the
Muttra district, in t1gro in the Buduan district, and in 1911 in the Meerut and
Aligarh districts of the United Provinces, under the zgis of the Special Malaria
Officer and district authorities, with two special sub-assistant surgeons as
distributors in each district. Detailed reports which were submitted to Govern-
ment and circulated in the provinces have enabled district officials to attempt,
unaided, similar schemes, and in 1912 the District Boards of seven districts, in
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the western: United Provinces: (the area of- highest malasial incidence) were
running schemes.on similar lines without difficulty. By the circulation of a
simple type of Quinine Register uniformity and accuracy of record, and regularity
of administration were ensured, dosage being fixed on a scale calculated accord-
ing to.age, and quinine being given dry in uncoated tablets of grains 4, 2,3,5,
~washed down with water. A personal examination of all children at the beginning,
and end of the experiments enabled differences of splenic enlargement and
incidence of fever, on quininized and non-quininized scholars, to be recorded and
deductions drawn. No compulsion was used. Schools received dosage accord-
ing to locality, city schools receiving about half that of scheols in Khadir,
riverain, or canal areas. Briefly, all the experiments showed a high degree
of successful prophylaxis as well as definite therapeutic success, though this
latter was not aimed at. In 1910 and 1911, 147 schools with 8,781 scholars
showed a decrease of the splenic index of 5§45 per cent., a control of
1,978 non-quininized boys enrolled after the experiments had begun showing
20'6 per cent. of spleens in November at a time when the quininized showed 76
per cent. Again, without making any allowance for latent infection, irregular
dosage, or defective diagnosis, all of which went to reduce any apparent failure,
they in the 1910 and 1911 experiments failed to prophylax 9'3 per cent. of the
pupils when 79'3 per cent. of the available quinine was consumed. Five hundred
and ten teachers consumed 92'6 per cent, of the quinine available and-showed 16
cases of fever, 4 of whom developed slight spleens. The figures prove that the
more thorough the administration the less was the fever incidence and spleen
development. Doses of grains 18 and 20 given twice weekly at intervals
seemed most efficacious. Blood examination showed that many malignant
infections were not, and that most benign infections were controlled, while the
registers attested a high degree of temporary immunity during the experiment.
The cost per pupil which was about 6°5 annas for the season could easily be
reduced to 3'5 annas by relying entirely on local distributors. This- demonstra-
tion of its educative, prophylatic and therapeutic value, of its feasibility, its
cheapness, and its prevention of irregular school attendance, would indicate that
the principle of its applicability, as a - general measure in badly affected areas,
should be accepted, while the advance made by the Buduan and Meerut District
Boards, in not only running it unaided, but in being able to recover half the cost
of the quinine by instituting a smail fee for enrolment on the register, would
indicate its general popularity.

THE DiSCUSSION.

Dr. Rutherford, speaking on the free issue of quinine, said he was in favour
of this. Quinine was largely given to children in schools in Ceylon.

Major Graham said that his attitude in regard to the free issie of /quin_in_e
was that it should only be so issued in the presence of an epidemic. The demand
varied from year to year according to the degree of malarja. The sale of quinine
might very largely depend on this fact and therefore diminished sale should not
be taken as condemnatory of this system of administering quinine.

Dr. Rutherford enquired what had been found the best means of administer-
ing quinine to children.

Major Graham said that he had found no difficulty in administering uncoated
tablets of quinine of from } to 5 grains to children.

Dr. Bentley thought that the free distribution of quinine snould be done
through special agencies. His experience had been that quite young children
of 3 or 4 years took tablets of the ordinary sulphate of quinine with comparative
ease. Personally he preferred to use sugar coated tablets.

Major Harvey then introduced the paper on the diagnosis of Latent Malaria,
by Captain H. W. Acton, [.M.S.; and

Latent Malaria. Captain R, Knowles, I.M.S, and said—-

rhe authors of this paper endeavour to give greater precision to the
present metheds. The paper is illustrated with charts which will have to be
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specially drawn for future reproduction. They introduce. the paper with a
definition of latency and sub-divide the latency so defined into distinct
phases. The latency of the incubation period needs no explanation. The
period preceding recrudescence of the disease is however differentiated from
that preceding relapse. The use of these terms recrudescence and rela se
involves definition of their meaning. To explain this difference is not altogether
easy. The occurrence of fever in malaria coincides' with the. production of
schizonts in the asexual cycle. The cycle continues asexually with - abatement
of fever until it reaches the schizont stage again when fever reappears. If
there is a long interval between the reappearances of fever under these
circumstances that reappearance constitutes a recrudescence. Now if in the
cycle of the malaria parasite  sporogeny occurs, that is to safy, sexual forms
make their appearance in the peripheral blood to the exclusion of asexual forms,
no fever can be produced, because the febrile manifestation takes place at a
particular point in the asexual cycle. Supposing that under such circumstances
a malarial febrile attack does occur, it is called a relapse. Itis thought, to be right
in saying that the underlying idea in these definitions is that continuance of
infection over long periods can take place either by (1) a continuance of the
asexual cycle or (2) by a return from the continuance of purely sexual forms
through parthenogenesis to reappearance, in numbers sufficient to cause fever of
asexual forms. The authors apply two indirect tests for latent malaria, a condi-
tion in which the direct test is of little or no avail. These are the urinary
urobilin test and the leucocyte count. Much stress is laid upon the fluctuations
in urobilin output. The condition of the liver is a very potent factor in these
fluctuations of urinary urobilin. The authors summarise their study in the
following statements:—(1) The presence of urobilin in the urine in large quan-
- tities indicates that hamoglobin is being destroyed. The blood destruction,—
except in certain well defined diseases,—is due to destruction of erythrocytes by
malarial parasites. 1f there is no fever present, the patient is in the latent stage
of the disease. (2) In the latent period of relapse the asexual cycle is absent
in the peripheral blood, and gamete formation is occurring.  The urobilin conse-
quently is diminished in amount, unless the functions of the liver are impaired,
in which case urobilin may be increased. (3) The absence of urobilin from
the urine indicates either that blood destruction is not occurring, or that the
liver is- still able to deal with the products of heemoglobin destruction. In such
cases other tests for latent malaria must be applied. (4) A leucopenia, of 2,000
to 7,000 per ¢, mm., or a leucocytosis, 16,000 or more, in the absence of other
causes is suggestive of latent malaria. (5) A high relative mononuclear per-
centage is also suggestive that protozoal parasites are present. (6) A Auctuate
ing leucocyte count, with a high mononuclear percentage at the leucopenic
stage is very suggestive that malarial parasites are still present somewhere in the
body. (7) The increase in the total monovuclear and hyaline cells is not a
real but an apparent one, due to fluctuations in the number of the polymor-
- phonuclear leucocytes. The tables given at the end of the paper showing the
degree of -association between the presence.of urobilin in the urine and malaria
are very interesting, so also are the various charts which accompany the paper,
but which unfortunately could not be printed as they stood.

» Dr. Bentley said that this paper showed that some very useful work had
been done, but he objected to the theoretical part at the beginning of the paper.
They had mixed up the clinical with the parasitological side. There was no
more justification for saying that a person was suffering from latent malaria
than that he was suffering from ‘‘latent” tape worm. We had no evidence
that malarial parasites were ever latent.” We might speak of disease being latent,
meaning that symptoms were absent, but we could not apply this term to the
parasite itself, ‘ '

Dr. J. A. Turner then introduced his paper on ‘ Malaria prevention measures
in Bombay,” of which the following is a
summary:

Bombay is.situated on an island on.the shore of the Arabian Sea in 18° 55" N
and 72° 54' E. The climate is warm, equable and humid, The average.mean
temperature is.79° F., January being-the. coldest month with an average mean

" Malaria. Preveation in Bombay.
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temperature of 73'9° F., and May the warmest with an average mean temperature
of 84'9°. The population of the city during the last census was 979,445. This
only represents the fixed or permanent population. There is besides a floating
population of about one lakh which consists of people of the labouring class who
visit Bombay during the dry weather returning to their homes just before the
onset of the rainy season. The average rainfall is 72 inches. The total area
of the city is 22'53 square miles. The Public Health Department of the city is
under the Executive Health Officer and two assistants, For administrative purs
poses the city is divided into seven wards, each of which is in charge of a Deputy
Health Officer, The expenditure on the Health Department during 1911-12 was
about 213 lakhs, 35 lakhs of whichis on hospitals alone. For the purposes of the
registration of births and deaths and for medical relief the city is divided into ten
districts with qualified Registrars, Sub-Registrars and trained medicalinspectors,
As early as September 1901, a committee of the Corporation was formed to con-
sider the measures necessary for the prevention of malaria in the city, Reports
were made bn the prevalence of anopheline mosquitos in various parts of the city
and suggestions made. In r1got, the chief varieties of anopheline mosquitos
found in Bombay were——Anopheles Rossi, Barbirostris, Famessi, Culicifacies,
Stephensi, Listons. In 1905, the Corporation asked Government to appoint a
committee to enquire into the prevalence of malaria and other fevers. That
commitiee was comprised of representatives of the ‘Government medical service,
sanitary service, mosquito experts and medical men. The committee sat for
two years and issued a report. That report while dealing with the high mortality
~in the city, ascribed the high mortality to plague, stating that three-tenths of the
deaths were due to plague. The report reads: ““ In our opinion the importance
and the magnitude of this element (plague) in the unhealthiness of the city,
places all other diseases in the back-ground and demands even greater attention
than has of recent years been given to it.”  Thus the incidence of malaria fever
up to 1908 in Bombay appears not to have been of sufficient importance to
justify the committee in recommending any extraordinary malaria measures.
Since the severe epedemic of 1908 and the report by Dr. Bentley on the conditions
existing the importance of malaria has been recognised and in April last a special
malaria officer (Dr. K. B. Shroff) was appointed in control of a special department.
The officer has had a special training in tropical diseases at the Liverpool
School of Tropical Medicine and a large experience in India.

[n Bombay there are 4,380 wells in houses, 166 tanks, 4,887 cisterns, and the
work of closing or hermetically sealing them is a task of great magnitude and
difficulty, as this work is generally opposed on religious or superstitious grounds.

The measures adopted are——(1) The closing of wells and cisterns found to be
breeding larvee.  (2) Treatment of all temporary pools and puddles with pesterine,
(3) Giving a trial to fish belore taking legal steps.” (4) Distribution of quinine.
(5) Filling in all hollow and low grounds with a view to remove potential sources of
mosquito breeding and improve sanitation generally, (6) Improving of drains and
gullies and extension of drainage schemes. (7) [mproving the general conservancy
of the city, (8} Teaching the public by handbills and lectures with magic lantern
- shdes.  (9) Taking action in Court. " (10) The spleen census of children and
the examination of blood. (11) A weekly return of cases of fever from public
and - private dispensaries. (i2) The examination of all species of mosquitos:
found at all periods of the year. (13) Reclaiming the foreshore.

The task of controlling malaria in a city like Bombay is one of great magnis
tude such as has never been attempted before, and the paper points out the difficul-

ties to be contended with, the obstacles to be overcome and the rtesults achieved
up to date.

. The factors which conduce to endemic malaria are all present in Bombay :—
(1) The mosquitos. (2) Breeding places, open wells, tanks, cisterns, new works,
open channels and low-lying lands. (3) " The people; 43 per cent. of the
people are of the poor and illiterate class, ignorant and superstitious living
under indifferent - sanitary conditions, passively resistant and reluctant to
take advantage of sanitary measures, the majority coming from malarious dis-
tricts outside Bombay and returning to them yearly. The cry of religious
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susceptibilities is heard amongst the educated as well as the uneducated when
sanitation interferes with their prejudice or purse. (4) Climate is favourable in
every way to the breeding of mosquitos. (5) Position.—Bombay is situated
on an island adjoining otherislands, and the mainland where ideal breeding places
for mosquitos prevail and malaria is endemic,

Major Graham next introduced his paper on Anti-malarial operations in

Anti-Malarial schemes in the United Pro- the United Provinces, and e;cplamed the

vinces. various points dealt with therein by the aid
of charts., The following is a summary of the paper.

. The towns of Nagina and Saharanpur having been malarially surveyed and
reported on by Robertson in 190g-10, and Kosi by Graham in 1910-11, were
inspected by specially appointed committees in May 1912, the schemes consider-
ed, a report and estimate drawn up, and submitted to the local Government,
and as a result the Irrigation Department have prepared detailed estimates of the
projects as affecting them.

A. THE NAGINA PROJECT deals chiefly with tanks, waterlogging and wet
cultivation. Rice and sugar grown on a waterlogged area, specially to the east
and north-east of the town, with two rivers,.a canal, many tanks, etc., produced
three proved carriers, culicifacies, fuliginosus and maculipalpis. The committee’s
recommendations based on those of the malaria officer were—(1) Abolish rice

- within half a mile of the site and give compensation after enquiry. This the
Collector is doing. (2) Flush the canal once weekly all the year and close a
railway gul. This is being done. (3) Fill in with earth four small tanks at a cost
of Rs. 2,416; fill in 14 others to a level to allow of drainage into the Pandhoinadi,
by two new cuts, anorth and a south, and deepen one tank in' the centre and
raise its sides with this material at a cost of Rs. 500. (4) Limit excavations for
a mile outside the site, extend munipical limits to include brick fields, the railway
filling up its own pits. Municipality should buy the tanks to gain the betterment
from them when filled up. The total estimate of the Irrigation Department is

Rs. 79,579.

B. THE SAHARANPUR PROJECT deals with defects due to over-irrigation
by canals, waterlogging and wet cultivation. Rice and sugar cultivation round
the site on ground waterlogged from excessive canal irrigation, with two rivers
(Pandhoi and Dhamola) four drain escapes, four canals and four large
pools in close proximity, and culicifacies, fuliginosus, liston: and maculi-
palpis as ** carriers ” are the features, The committee’s report based on the
Malaria Officer’s scheme are briefly—(1) Stop canal irrigation within
three-quarters’ of a mile of the city edge, and prohibit sugar and high crops by
bye-laws and provide for this at next settlement. (2) The railway to fill up its
own tanks and pits, reconstruct an embankment and straighten a drain. (3)
Municipality to acquire a marsh and tank, and fill up, level, and use them
as building sites; also to legislate for excavations and brick burning within 1}
miles of city, and adopt lift irrigation from wells in the Botanical Gardens. (4)
Brick line 6,300 feet of the Karegi nala at a cost of Rs. 34,737, cunette about
4,000 feet of the Chilkhana road drain, and masonry line all not at present done at
a cost of Rs, 9,539, masonry line the Pandhoi and Dhamola as indicated at a cost

of Rs. 1,09,499. (5) Apply section 106, Municipal Act, regarding noxious vege
tation. The total estimate is Rs. 1,58,017,

C. THE Kosi PROJECT deals with irrigation, deficient drainage and water-
logging. Surrounded by tanks the town site is waterlogged owing to defective
drainage and proximity to the main Delhi-Agra canal which breeds out in enormous
quantities, culicifacies. Many wells contained stephensi. Defective storm-water
drainage through a syphon under the main canal caused stagnation, flooding and
breeding grounds, though the large tanks showed marked absence of carriers.
The committee’s resolutions based on my report and about to be carried out are
briefly :—(1) Water-proof the main canal bed for two miles near Kosi by puddling
and cunette the bottom for two miles at a cost of Rs. 18,157, giving an eight-day
flush if possible in the closed season. (2) Lower canal level opposite the town to
. enable Kosi town to drain directly into it, keeping the present connection for
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winter or hot weather use. This will cost Rs. 32,287, (3) Divert Keosi branch
drain one mie north of town and syphon it under main candl into the Kosi arterial,
drain at a cost of Rs. 24,858. (4) Fill up all tanks, except one large pucca one,
to a level which will alow of drainage inta the Ganda nala which is to be regraded
and lined by masonry at a total cost of Rs. 61,775. Railway should fill up angd
drain all excavations and pits half a mile north and south of the site. (5) Fit
certain wells with fixed iron tops and a hinged or sliding door and jug pumps.

The estimate is Rs. 1,44,317.

The grand total for all these projects is about Rs. 3,80,000; Rs. 1,80,000
of which will probably be expended equally amongst the three schemes by the
Irrigation Department before the end of the present financial year.

THE DiscussioNn.

Dr. Bentley wished to emphasise, as Dr. Turner had done, the difficulty of
carrying out anti-malarial schemes in a city like Bombay. Legal powers were
most important, but the necessary powers had not yet been granted, The
absence of such powers necessarily delayed results. Dr. Bentley also congra«
tulated Major Graham upon being able to show so much progress in anti-
malarial operations in the United Provinces. He asked Major Graham for
further information regarding the expenditure, and whether the estimate so far
made covered the cost of compensation for the abandonment of irrigation. In
some of the provinces in India, they could not look to spending such a large
sum as one and a half lakh of rupees upon anti-malarial schemes for a town of
enly 7,000 persons. Although it would be very interesting to see the resuolts of
the work, he was afraid that if it was going to be so expensive it would be along
time before they could extend the work to a larger area.

. Major Stokes asked Major Graham on what principle the towns where the
operations had been undertaken in the United Provinces, had been selected.

ad there been a sudden increase of malaria in them traceable to irrigation or were
they in a condition of financial prosperity so as to render anti-malarial operations
advisable in preference to measures dealing with general sanitation? He also
wished to know how far Major Graham considered it desirable to urge special
measures of a particular nature in a town where general sanitation was admittedly
defective.

Dr. Rutherford enquired what cultivation Major Graham proposed to
substitute for his wet cultivation as he was trying similar measures in Ceylon.

Major Graham, in reply to the questions put to him by the previous speakers;
said that the towns in question in the United Provinces had been selected
by the Lieutenant-Governer in consultation with the Sanitary Commissioner,
Lieutenant-Colonel Chaytor-White, 1. M. S., on account of high mortality
from fever for a succession of years. He did not know whether any
application had been made for increased legal powers in carrying out the
dperations. With regard to Dr. Bentley's question as regards compensation,

ajor Graham said that his figures did not include any estimates which
the civil authorities may make later on with regard to the compensation for the
culiivation, With regard to the question of the cultivation which was going te
be substituted for the present cultivation of rice and sugar-cane, he said that
this was not yet determined. He did not think there would be any heavy
recurring expenditure as his estimates were for pucca works,

Major Harriss, I.LM,S., Sanitary Commissioner, United Provinces; communi-
cated the following, in reply to Dr. Bentley’s question regarding the cost of the
prohibition of irrigation at Saharanpur.

- “ It will be seen from the following note by the District Magistrate that it
ig-extraordinarily small, while the loss of canal dues is #4?, as more water will
be available for distribution farther down the, canal, ”

Loss of Land Revenue.—~The tract within which it is proposed to prohibit
canal irrigation falls within the area of 15 revenue villages.
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. These 15 villages were divided at the last settlement among the assessment
cirgles as follows sawe

No. I canal irrigated 6
No. I not cdnal ftrigated ... e voe 1
No. II canal irrigated ‘e e 4
No. 1II not canal irrigated ... vos e e Nit
No. Il (all this circle is canal irrigated) e e 4

In these circles the standard rates used by the settlement officer were as
follows : —

Rausli Dakar, Bhuda.
e | e
Wet. Dry. Wet. Dry.
1 caval irrigated ... 8 6 4 3
1 not canal irrigated e 6 4/12 3/8 3
il canal irrigated ... . 6 4/3 3/8 3
I not canal irrigated ves 4 3/2 2/8
11 5 3 2/8 2

Thus the settlement machinery provided in this tract a standard for villages
with, and villages without canal water, in each of the first two circles, and in
these circles the remission of land revenue necessitated by the prohibition of
canal irrigation would appear to be fairly represented by the difference between
the revenue—at the settlement percentage of the whole—in the area affected, on
the rental at (a) the rates used by the settlement officer, and (b) the settlement
rates for land hot canal inigated in the satie cirele. In the third clrcle which.
has only the oné—the canal irripated rate——a correspondingly fair figure can be
obtained by reducing standard rates by 25 per cent. on the analogy of circle
I.  So worked out, the loss in land revenue necessitated by stopping canal
irrigation within the boundaries suggested by the committee comes—on the
area affected—to Rs. 1,631-3-5 in each of the remaining 8 years of the current
settlement.”

In introduclng his paper on ‘‘ Somé larvicidés and natural enemies of
mosquitos in Southern India, ” Mr. H. C,

Natural Egemies of Mosquitos. : ol
atural Luemlesof Mosquito Wilson, Piscicultural Expert to the Gov-
\

ernment of Madras, said :—

The points I wish to bring forward in my paper are as follow.—(1) The habit
of mosquitos, when egg laying, of avoiding waters where their natural enemies
exist ; the best method to adopt, to restrict the safe breeding grounds, is, in my
opinion, to stock such places with suitable fish. (2) [he necessity for properly
constructed ponds in centres where permanent water can be obtained for the breeds
ing and distribution onalarge scale of the more important natural enemies of mos-
quito larve. It will also be necessary to take some strong action to stop the
wholesale destruction of small fish which goes on at the presént time,

THE DISCUSSION.

Sir Pardey Lukis said he wished to ask some questions. One of the measures
recommended by Major Graham in Kosi was the stocking of wells with
Oﬁhwce;’ohu/us. Mr. Wilson said that these were the natural enemies of frogs
which are destroyers of larvee. Sir Pardey Lukis wished to know if Mr. Wilson

ebnksideréd that the Ophissephalus was a good fish with which to stock wells and
tanks,

Mr. Wilson considered that the presence of Ophkzocephalisin wells and tanks
was detrimental.

Sir Pardey Lukis asked for Mr, Wilson’s opinion as regards fish of the genus
Barbus with which he mentioned he had made some experiments. He had

heard people in Madras say that this was the best fish to put into wells and
tanks.
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. Mr. Wilson considgred the smaller species of Barbus good larvicides and
quite a useful fish to put into wells, but he had selected another fish which was
very much better and travelled easily.

Major Graham said that the original recommendation as regards Ophioce-
phglus lllad been made before work with regard to larve-killing fish had been
undertaken,

Major Glen Liston pointed out that a certain fish, Rasbora damconia, was
described by Sewell and Chaudhuri as purely a vegetarian, he on the <contrary
had found this fish when young, a voracious mosquito larvee eater but he was
assured by Chaudhuri that when fully grown this fish became a vegetarian.

Mr. Wilson did not think this to be the case, Such a fish would continue,
on attaining maturity, to eat larvae.

Major Glen Liston enquired if Mr, Wilson had any experience of other
creatures than fish, that lived in water and fed on larvee. He had found that
certain species of water boatmen and dragon fly larvee were useful mosduito
larvee destroyers, while other species of these insects did not attack or feed upon
mosquito larvee. He thought more work was required to be donein this
connection, '

Mr. Wilson said there was a small water-flea mentioned in his paper,
which attacked certain eggs, but he had not seen them attack mosquito eggs.
The Dytiscus marginalts, in captivity, would seize and kill the culex larvae. but
he had not seen them kill any of the anopheles.

Sir Pardey Lukis said that Mr. Wilson and Messrs. Sewell and Chaudhuri
apparently differed from one another as regards the Chilwa. Mr. Wilson pointed
out that it must be a top feeder on account of the shape of its mouth, while
Sewell and Chaudhuri said it was not.

Mr., Howlett said he had had some experience of the Chi/wa and found it a
good larvicide in captivity, ‘

Mr. Wilson had never seen a frog catching a mosquito emerging from its.
gupa, but he had experimented with an ordinary mosquito on a small hook and
ad thus caught frogs.

Dr, Bentley thought this no criterion as he had seen frogs caught with the
burning end of a cigarette on a hook.

Mr. Wilson, in reply to a question from Major Graham, said that Ophioce-
phalus when put into a well was certainly detrimental. When very young they
would eat larvee, but they grew very rapidly, and as they became big required -
something more substantial.

Major Perry said that his experience in the Jeypore Agency had been that
the danio rerio and larvee were never found together.

Major Lalor said—At the last meeting which took place at Bombay
in November 1911, I announced the discovery of a parasitic biting fly of
the genus Ceratopogon which infests malaria carrying anopheles at Kyaukpyu,
and exhibited a specimen of the fly adherent to the nape of the neck of
Nyssorhynchus Fuliginosus (the Kyaukpyu malarial carrier), with its proboscis
deeply sunk into the eye of the mosquito. I have now to announce the discovery
of what appears to be the adult stage of a mite, the larva of which is parasitic
upon Fuliginosus and Barbirostres at Wuntho, This adult mite is parasitic
upon one of three species of biting fly of the ‘Psychodide’ group found at
Wuntho, the observed infestation rate being 4 per cent. The mite in its
nymphal stage appears also to be parasitic upon the same species of biting fly.
A specimen of the adult mite detached from the fly and another of the adult in
position on the fly are available for demonstration. In the latter specimen the
fly has taken a meal of blood and it appears that the mite has abstracted the
sanguineous contents of one of the intestinal diverticula.
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This discovery is important, if correct (and its confirmation requires fur-
ther research) as establishing a chain of indirect communication between’ the
anopheles mosquito and the blood of man.

The only method of accounting for the presence of the adult mite on this
fly is the supposition that, like the species of Cerazopogon described in my report
upon mataria at Kyaukpyu, this fly preys upon the anopheles mosquito.
Captain Patton who has been kind enough to examine the specimens has
also kindly volunteered to transmit specimens of the larva, nymph, and adulf to
Professor Newmann for opinion as tv whether these three stages represent a
single species. Prtma fac e, there is reason for the supposition that this is in
fact the case, since all three stages were found in the same locality.

THIRD DAY, —=NOVEMBER 20,

The delegates re-assembled at the Council Chamber, Fort St. George,
Madras.

Major Liston introduced a paper by himself and Sub-Assistast Surgeon
Stegomyia and allied species of mosquitos in Akula.on l.he distribution of Sffgﬂmy!'a
Bombay. mosquitos in Bombay., H  said, Stego-
myia surveys were being made in all the chief ports of India under the
auspices of the Indian Research Fund. ~ Stegimyvia fasciata was the species
of mosquito that has been incriminated in the New World as the carrier
of yellow fever. In view of the approaching opening of the Paramna Canal,
when the endemic home of yellow fever will be brought in"o much closer
communication with the Far East than it is at present, the deuree of prevalence
of this species of Stegomyia in the ports of India may, in the near future, become
a matter of much practical sanitary importance. In Bombay in two months, gz22
breeding places of mosquitos belonging to the sub-family Culic ne were found.
Fifty-ore per cent of these mosquitos belonged to the genus Stegomiin or the
allied genera Scutomyir and Desvoidea. By far the commorest mosquito of the
group was Stegomyia fascizea whose breeding places were found 2-3 times.
They were found all over the Island of Bombay. In every instance they were
found in attificizl collections of clean water associated with human habitations,
The authors conclude their paper with the opinion that the climate and trade
relations of Bombay are such as to favour the spread of yellow fever should the
ports of the Far East become infzcted.

Dr. Mhaskar then introduced his paper on the distribution and ha-
bits of Stegomyia mosquitos in Karachi.
He said that very similar results to those
obtained in Bombay had been obtained in Karachi in spite of the dissimilar
climatic conditions prevailing there. After Culex farigans which was found
everywhere, Stegomyia fasciata of the culicines came second in cxtent of distri-
bution. Here too it was only found breeding in clean collections of water near
human habitations,

Stegcmyia mosquitos in Karachi.

" Major A: C. MacGilchrist next placed before the mesting the progress
. . report of the Stegomiza survey in Cal-
Stegcmyia survey in Caleatta. cutta, which will l;e found in the Appen-
dix. The following is a summary,

Only two species of Stegomyia ( fasciata and scutellarss) have been met with
in the l'ort of Calcutta. 1t is noteworthy that Stegomyia fasciata is found ovly
in densely populated areas. For this reason the term * demestic "’ as applied to
it is not quite arpropriate ; it is too wide a term. Stegomyia fasciria is a town
- Or city mosquito ; it is not content to live in small villages such as occur on the

banks of the Hooghly. In the Port of Calcutta this mosquito has so far been
found only in the densely populated parts of Calcutta and Howrah and in a
small areain Garden Reach. In Calcuttait is a very common mosquito in the
northern part of the city—:z.e., north of Dharumtollah Street, including not merely
the Indian residential quarter, but also the European commercial quarter and the
“Government Secretariat buildings. By Paiva it has been found common also in
the « fringe area ” of Calcutta, and especially in that part of the * fiinge area *
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adjoining the northern part of the city—i.e., east of Upper Circular. Road. We
have been unable to find Stegomyza fasciata in any of the villages on the banks
of the Hooghly below Garden Reach. Stegomyia scuteilaris is exceedingly
common throughout the port : it has no objection to either rural or city hfe. It
does not object to live near a solitary isolated hut. While Stegomyia fasciata
is seldom found breeding -moere than a few yards away from inhabited
houses, Stegomyia scutellaris is often found breeding some " hundreds of
yards away. lf, in Calcutta, a mosquito is found biting in the day-time, itis
almost sure to be one of these two species. The only other species of mosquitos
which we have found to bite in the day are Desvoidea; they have been
observed to bite occasionally in the late morning and early evering. The
Stegomyie bite readily and frequently even in the middle of the day, their
bite being more irritating and the result more conspicuous than those of other
genera. Only in rare instances have Stegomyia fasciata and Stegomysa
scutellaris been found in the same receptacle, and at first it was thought the
might be antagonistic to each other. Their larve, however, when placed together
seem to live quite peaceably ; the adults emerge side by side. Favourite breed-
ing places for both species of Stegomyia are the broken earthen pots,
containing rain-water, which are found so commonly around houses. Stegamyia
fasciata has peen found on the third floor of-a house in the northern part of
Calcutta in a very congested area. The larvee are found wherever water can
collect inside and in the immediate vicinity of dwelling houses. This species of
Stegomyia seems to prefer small collections of water ; the eggs can resist drying
for months. The larva have been found in receptacles holding only a couple of
drachms of water which would all evaporate in a very few hours.

1. Measures suggested to destroy Stegomyia fasciata— .

, A. To diminish the number of their breeding places which are all provided

by man, (a) movable receptacles, .., earthen pots, etc., to be properly disposed
of. Here the value of systematic concerted action on the part of the citi-
zens would be immense. (#) Fixtures—DBuildings and masonry structures.
Engineers and builders—No hollows left capable of retaining water, mosquito
proof lids to cisterns andother water receptacles, good drainage for rain and
sullage water. '

B. To destroy their larvae—to provide a certain number of traps in which
Stegomvid fasciaia would lay its eggs and to breed for these traps a healthy
stock of young larvae of genus Zoxorkynchites.

[1.—Measures suggested to lessen the risk of the introduction of yellow
fever.

Vessels coming from infected ports should not be allowed up the
Hooghly within a certain number of miles of Garden Reach. The loading and
unloading and quarantine station should be in as isolated a spot as possible—as far
from large villages as possible, and no buts or buildings (other than those necessary
for crews, passengers and cargo) should be allowed to be erected at that spot or
within a certain radius of it. With yellow fever we have not gotto consider
Iatent infection and infection-carriers as we have to do in the case of malaria.
Protozoal diseases are of two kinds— (1) The protozoa remain in the body after
convalescence and so are capable of carrying infection after recovery from fever,
e.g., malaria, trypanosomiasis. (2) The cause of the illness disappears from the
body with convalescence, e.g., relapsing fever, yellow fever. So theabove suggested
measures, combined with fumigation, should eliminate the dangers so far as infect-
ed people and infected mosquitos are concerned. That infected mosquitos can
transmit the infection to their offspring has not, so far as I know, been confirmed.
If confirmed, the problem of preventing infected mosquitos’ eggs, espe-
cially in a dried state, from reaching Calcutta would be a difficult one, I
show you a tube-bottle in which a Stegomyia was enclosed and forgotten.
Days afterwards the tube was casually examined. It contained the shrivelled
body of a mosquito and on the wall and bottom of the tube were” seen
numerous Sfegomyia eggs which must have been laid in a dry tube. Water was
added to the tube and in a few hours numerous minute Stegomyia larvee were-
wriggling about. It is interesting to observe the cap or lid at the broader end of
the egg. This cap drops off when the larva emerges.
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Captain J. H. Horne next read his paper on the distribution of Stegomyia
in Madras, of which the following i1sa
summary :—

Two, species of Stegomyia occur in Madras Town, viz. :—{(1) fasciata, (2)
scutellaris, the former essentially a house mosquito, the latter apparently a wood
or garden mosquito. ,

Stegomyia mosquites in Madras.

1.— Fasciata was found all over the town in varying numbers ; it was most
abundant in the harbour and adjoining division of Georgetown. [ts larvae were
taken in—(1) all sorts of receptacles containing water, (2) drains, open and
underground, (3) wells, superficial and deep, None were found in open pools,
ditches or bambao stumps.  Adults were almost all caught inside dwelling houses
in the close vicinity of a breeding place. They bit both by day and night. Of
their eggs some sank, others floated.

11.—Scutellaris was found breeding in—(1) receptacles containing water,
(2) bamboo stumps, always close to trees. They have not been found in drains
or wells or open pocls. No adults werg taken inside houses.

From these findings the following measures suggest themselves for stamping
out Stegomyia fasciata:—(1)House-to-house visitation by a trained stafi, and
after due warning, fining of all in whose houses or compounds Stegomvia larves
are found breedinz. (2) Regular flushing of drains, (3) Closure of all wells
not in use and covering of those which are.

Major Lalor, I.M.S., also presented a brief report on the Stegomyia survey in
the principal ports of Burma, which will

Stegomyia Survey in Burma. be found in the appendix.

Professor Howlett circulated a lcaflet on the yellow fever mosquito, and said
it was interesting to note tnat with the
‘ exception of Bombay, and perhaps Burma,
earthernware vessels appeared to be the commonest breeding places ot the
Stegomyia fasciata. In Bombay, wooden tubs were apparently the commonest,
and broken pots and earthenware vessels were of very little comparative import-
ance. He would like to emphasize a point referred to in oneof the reports,
f.e., in dealing with breeding places under city conditions, it was particu-
larly important not to destroy all such breeding places. If all were destroyed
in a given area the mosquitos would simply go and breed elsewhere and the
total numbhers would not be diminished, whereas if a certain proportion were left,
these could be kept under supervision and control, and thus a great deal more
could be done to reduce the actual mosquito population.

Yellow Fever mosquito.

Inreference to what Major MacGilchrist had said in his report about S.
Scutetiaris breeding up to a’distance of 100 yards from human habitations, in
Pusa he had found Scufellaris breeding in the jungle whether or not there were
houses near by. All the Stzegomyia at Pusa normally went through the hot dry
weatherin the egg stage, and eggs laid at the end of the rains lay unha:ched
until the succeeding rains., Eggs had been obtained at Pusa by crossing Scutel-
larisand Fasciata. The difference between Scutellaris and Fasciata, as regards
their breeding places, was of interest because the Scufellaris in Pusa was essen-
tially a bamboo stump breeder. By using cut bamboos as traps they had reduced
the number of Scuteltaris considerably in Pusa. The employment of earthens
ware pots as traps fov ffasciala might be expected to have similar good results.

THE DiISCUSSION.

Major Fry referring to Professor Howlett's leaflet in which he says that
Stegomyia fasctata ave very rarely if ever found away from . human habitations,
said that the specimens which he had sent to the Bureau at Kasauli were found
in pools among rocks near a river, the favourite breeding place being a warm
hollow in the rock standing well above flood-level, where the rain-water collects,
Major Christophers and himself had found the same thing at the foot of the
Simla hills. This tended to show that though the Stegomyia fasciata was
normally a city mosquito, it did occasionally go afield.
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‘Captain Hodgson remarked that he had found Stegomyia fasciata in wells.
in Delhi, thus confirming Captain Horne.

Dr. Bentley said he had also found Stegomyia in wells in Bombay though he-
did not remember whether they were Scutellaris or Fasciata A curious breeding .
place he had found in Bombay was the open troughs at the Grant Medical.
College into which the overflow of the laboratory went. All these harboured
either Scute/laris or Fasciata. He had also found larve in places where there:

was just a thin film of water,

Dr. Rutherford said that the commonest places in which he had found
Stegomvia b eeding were the saggs of gutterings. In some parts of West Africa
a law had b:en passed that all gutterings should be punched each lineal yar
so that there should be no accumulation of water after rain. :

Major Glen Liston confirmed Dr. Bentley’s remarks as to Sz‘e\émmyiz being
found in wells in Bombay. Out of 273 observations 8 per cent of the breeding
places had been found to be wells.

Major MacGilchrist agreed with Professor Howlett, that a certain numbér of
breeding places should be retained as traps and pointed out that he had sug-
gested in his paper that these traps should be chosen so that they could be
easily disinfected, or better still the larvae of Turorkynciites introduced into
them. Obsecrvationsin Calcutta had shown that s. seutellaris is exceecingly fond of
wooder. receptacles as breeding places. He confirmed Dr. Bentley's remarks as
regards the small amount of water required for the breeding of the species
fasciala,

: Dr. Bentley enquired if any experiments had been made regarding the viabili-
ty of Stegomyia eggs.

Professor Howlett mentioned inreply that he had experimented with Scufel-
laris eggs at Prsa, and had found that these eggs when denosited in water might
not hatch for several months. Again, he had been able to keep eggs quite-dry and
“hatch them aftar ten months had elapsed ; some of these eggs were still being
kept and migh: hatch later. The same batch of eggs may hatch out at very
irregular intervals. He thought this was a point that would bear investigation.

Major MacGilchrist had kept eggs of S. fasciata dry for a month and then
hatched them out.

Professor Howlett, in reply to a question by Dr. Bentlev, said that he did not
think that eggs floating hatched any more quickly than eggs that had sunk.

Dr. Mhaskar confirmed Professor Howlett's statement with regard to the
hatching of the same batch of eggs at irregular intervals,

Major Perry said that he had not come across Stegomyia so frequently in
villages as in the jungle.

Captain Patton had often seen calves bi‘ten by Scufellaris at Guindy. . He
‘thought it was of importance to know somecthing about the food of Scufellaris
and Fasciat i, respectively;

Captain Horne thought Major Perry’s observation on the rarity with which he
had found adult Stegomvia in villages was interesting. in that it showed that the
species was in all probability Scuteiliris.  In Pusa this mosquito was distinctl'y
a house mosquito. In Madras he had not bzen abls to find a single adult
Scuteiiarzs inside any house or hut, although they were in some cases found
within six feet of the doors.

Professor Howlett, Imperial Pathological Entomolrgist contributed a paper
: on Insect Psychology, of which the follow-
ing is a sumu.ary.

Experiments on the blood sucking cattle fly Stomoxys indicated that it laid

its eggs, not with any conscious maternal forethought, hut simply as a blind and

“unreasoning response to a certain smell.  On following up this line with a species
of fruit-fly which is a serious pest in some parts of the country, it was discovered

that the female emitted a smell resembling ordinary citronella, and that males.

Insect Psychology,
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could be caught in very large numbers by baiting traps with citronella, since they
came to the traps and remained there apparently under a blind impulse to follow
the scent of the female. Assuming from these ‘experiments that such reactions
are of general occurrence, we must regard insects, not as intelligent beings
consciously shaping a path through life, but as being in a sort of active hypnotic
trance. The sexual relations of mosquitos are being investigated, and the
suggestion that the male found the female by its antennz being tuned to respond
to the particular musical note of her hum’ was one which seemed to promise
some results, though no definite assertions could yet be made. Mosquito bite is,
it is certain, very largely controlled by temperature, in the sense that a female
mosquito will generally attempt to bite with avidity at any surface, even a glass
tube, if its temperature lies between about 35° and 45° centigrade. This fact will
in all probability enable us to get information as to the physiology of mosquitos
since it gives us a method whereby we can get them to suck up hot solutions of
~various drugs which could not be administered if at ordinary temperatures. If the
view of insect psychology here outlined be a true one, it shows one way in which
the entomologist could assist progress in the study of the insect carriers of disease,
and opens up great possibilities in mosquito control. Once we discover the
stimuli or particular conditions which determine a mosquito’s actions, we hold
the key of the position, since we can then apply our knowledge to the mosquito’s
undoing. It is no intelligent foe we have to fight, but a mere battalion of
somnambulists.

Tue Discussion,

Major MacGilchrist wished to ask if the attractive power attributed to
temperature might not be connected with =therial vibration, or body vibration.
Also whether it was not possible that the repulsive effect of a cold body might
be due to the mosquito’s disappointment when trying to bite cold bodies,

Major Fry thought there was no reason for Professor Howlett being dis-
appointed with the result of his experiments with citronella and the fruit-fly,
Professor Howlett should be satisfied if he could by this means collect one sex
and thus reduce the numbers.

Captain Mackie wished to enquire, on behalf of Captain Cragg, regarding
any effect likely to result from  the fact that insects in India were all more o
less,at the temperature of the human body.

‘Professor Howlett, in reply to Major MacGilchrist said that there did not
appear to be any repulsion from a cold surface, but simply indifference to it.
He thought there might be something in Major MacGilchrist's suggestion as to
vibration, but in a rather different sense. Some effect might be attributed to
the pressure of light, and he had calculated that with a very small insect the

pressure on the wings from this cause might be about one five-thousandth of the

insect’s whole weight. As regards the citronella experiments with the fruit-fly,
the results were not entirely disappointing for they had succeeded in largely
checking - the incidence of the fruit-fly pest. The difficulty of preventing all
pairing was however almost insuperable in practice in the field. Professor
Howlett said that Captain Mackie’s question regarding the temperature of
the air and the body was a pertinent one; but he believed he had found
that when the temperature of the air was at or above that of the body
mosquitos_did not bite. The experiments opened up a number of questions
with regard to specific “temperature indices” which required a great deal of
further work. :

Captain T, C. McCombie Young, said :—

May 1 draw attention to the prevalence of Stegomyia on the river steamers
that ply on the Ganges and Brahmaputra. Stegomyia breed in large numbers
in the bilge water of these boats and the holds swarm with clouds of adult
mosquitos. In addition to the infestation of the steamers themselves, the
receiving flats at the various river ghats and the country boats which pl
on these rivers are also infested. Their extermination is easily accomplished
by clearing out the bilge water, and by burning sulphur in the holds and cabins
with all air apertures closed. Considering the large passenger traffic on these
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boats, the matter is worthy of consideration, if any legislative measures arc
contemplated, as it might prove a factor in the dissemination of the disease if
it were introduced in the port of Calcutta.

Major O’Gorman Lalor next introduced his paper on the etiological relation=
Etiological relationship of seven-day fever. Sh‘P of . seven-day fever, of which the fol-
: Jowing 1s a summary. ‘

If we could show that there exists an etiological relationship between seven-
day fever and yellow fever to-the extent that the infective agency in these two
diseases is identical and that its operation is similar in both, we should be able,
as long as seven-day fever persists in the great seaport towns, and especially at
times of seven-day fever prevalence, to assert a definite risk of the dissemination
of imported yellow fever, and the possibility possesses sufficient intrinsic import-
ance to justify us in inviting attention to jt. After instituting a compari-
son between the geographical and seasonal peculiarities of these diseases
supplemented by a further comparison between the symptoms and physical signs
of both, detailed suggestions were made for experimental proof or disproof
of the possibility mentioned. Primd facie it would appear to call for early
investigations, since, if true, it will incriminate “ Stegomyia fasciata”, as the
carrier of seven-day fever. That mosquito being the established carrier of yellow
fever the point of Major Lalor's remarks is as ebvious as it is important.

The Hon’ble Surgeon-General Bannerman presented the following report
on the operations of the Kala Azar Com-

Kala Azar. .
mittee,

At the first meeting of the Scientific Advisory Board elected by the
Governing Body of the Indian. Research Fund, a committee for the study of
Kala Azar consisting of Surgeon-General Bannerman as Chairman, and Major
Christophers and Dr. Bentley as members, was appointed. This committee

‘met - accordingly in Bombay on the 15th of November 1911, and resolved that

the following work should be started at once:—(1) An investigation into -the
etiology of Kala Azar with the object of ascertaining how the disease spreads.
(2) Anenquiry into the distribution and prevalence of Kala Azar in India so that
scientific investigation may be facilitated, and also with the object of guiding

* preventive action.

{2) The committee proposed that Captain Patton, I,M.S., should work at the
first problem in Madras, and that the survey of Assam should be entrusted to

.another 1.M.S. officer. The officer selected was Captain F., P, Mackie, I.M.S.,

who was deputed to Madras to study Captain Patton’s technique before pro-
ceeding to Assam, He arrived in Madras on the 18th March 1912 and remained
there till the 2nd May when he left for Assam to take up the work arranged for
in consultation with the Government of that province.

(3) About the same time the Scientific Advisory Board were able to depute
Dr. Korke, M.B. (Edin.), who had been specially trained under Sir Ronald Ross
at the Liverpool School of Tropical Medicine, to assist in the work. '

(4) Accordingiy I convened a meeting on the 28th of March in Mad'rasl of
these three workers, and it was decided to attack the epidemiological problem

first and to leave the mapping out of the disease throughout India for a later

period and the work was apportioned among them as follows. (1) Captain
Patton was to repeat his experiments with bugs and every other sort of insect
at all likely to bave anything to do with the spread of Kala Azar in Madras.
(2) Captain Mackie was to work at the King Institute, Guindy, endeavouring
to infect animals, so as to discover a susceptible animal with which to do
transmi-sion experiments, and with the idea—strongly impressed on his mind
by his experience with the Sleeping Sickness Commission under Sir David Bruce
in Africa— of discovering a “‘reservoir” of infection of Kala Azar. He was
also to. carry out feeding experiments with body lice as he had become specially

- familidr with the anatomy of these insects when working at the etiology of

relapsing fever in Bombay. He was also to endeavour to make cultures from
the blocd of human beings and the domestic animals in Madras. (3) Dr..Korke
was to take up the epidemiological side of the question, and to devote ‘his
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attention to the endemic areas in Reyapuram near ‘the Medical Stores and
Monogar Choultry Hospital.  He was given facilities at the Royapettah,
Royapuram and General Hospitals for clinical investigation nd furnished with
a small laboratory at the latter institution. The results of th se investigations
are set forth in the progress reports to be read at this meeting.

(5) Captain Mackie had to leave Madras before a spitable case presented
itself for the inoculation of the various animals he had collected, and conse-
quently they were left with Captain Patton who carried out the actual experi-
ments, He, however, conducted a few similar ones in Bengal, the results of
which are stated in his paper. His experiments with body lice proved negative.
The lice were fed on patients having parasites in the peripheral blood, they were
kept at a suitable low temperature, but the search for developing parasites
proved negative. ‘

(6) Dr. Korke's epidemiological investigations have been laborious, and
though not of course as yet conclusive, have opened up fresh fields which will
have to be thoroughly explored by him in the future.

(7) The paper by Colonel Donovan, I.M.S., clearly shows that there may be
oiher theories of infection besides the popular one of insect convection, that
must be cqnsidered. Captain Patton’s work is set forth in his two papers, the
main contention in the first being that a certain definite temperature 1s required
for the full development of the parasite in the bed bug; the second contending
that the disease in Madras is probably not of animal origin.

(8) In connection with the discovery by the Sleeping Sickness Commission
that an animal may be actually a reservoir of this disease, while at the same
time showing no parasites in the blond, we may well reserve our opinion as to
the theory held by some that the dog in India may be connected with the spread
of Kala Azar. Though over 2,000 dogs in Madras have been examined for
Kala Azar parasites by means of spleen and liver smears with negative results,
this may not mean that the dog is immune to Kala Azar infection. Colonel
Donovan has shown that-a puppy treated by inoculation of spleen juice into the
liver contracted the disease, as proved by the presence of Kala Azar parasites
in the bone marrow, though smears made from liver and spleen proved negative,

 Lieutenant-Colonel C. Donovan next introduced his paper on Kala Azar,
_Kala Azar—Distribution and Modes of Infec: its distribution and the probable modes
ton. of infection, of which the following is a
summary.

The disease in India is endemic in Calcutta and tke districts round about
in Assam and in low-lying districts of the deltas of the Ganges and Brahmaputra.
The ecpidemic character of the disease in Assam doubted=may this not be
malaria ?

~Is Kala Azar present in Orissa? This would be an interesting fact and
might explain the presence of Kala Azar among coolies on the tea gardens in
Assam. The coolies, I understand, are chiefly imported from Orissa.

In the Madras Fresidency the disease is endemic in Madras City; in the
mofussil a few cases have occurred in Madura, Negapatam and Cuddalore.

Probable modes of infection may be divided into twom
(1) By means of insects, and (2) By oral infection.

(1) By insects—(a) Bed bugs.—Patton has brought very strong cvidence to
bear on the transmission by means of theseinsects; his recent attempts at single
feeds are of much interest, but we require confirmation of his experiments. A
very recent attempt by Patton to repeat his previous success has, I believe
failed, doubtless due to unfavourable conditions, ' ’

() Comorrhinus.—No results obtained. An interesting insect, as a species
of the same genus implicated -in human trypanosomiasis in Brazil, Popular
belief is that' €onorrhinus feeds on bed hugs; a similar belief is beld in Europe
with regard to Reduwius personatus. Could these R eduviids procure the blood
second hand ?} ‘ o
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(¢) Mosquitos.—Very little work under this head. In places where Kala
Azar exists, there too malaria prevails : for instance, in Assam, in Lower Bengal
and in our City of Georgetown.

(d) House-fly.—Incriminated as acting as a transmitter. The presence of
a flagellate in the alimentary tract of the fly lends some colour to this suspicion,
but the Aerpetomonas of the fly is a flagellate sui generus. \

(e) Lice and #icks.—Tried on a small scale and found ineffectual.

(f) Fleas and dogs.—In Europe dogs are found to harbour Leishmania,
and the dog-flea is.accused of transmitting the flagellate to men. So far no
Leishmania found in dogs killed in Madras. Recently a dog was infected by a
massive injection of splenic blood taken from a Kala Azar patient. The dog was
killed about three months after the blood was injected ; the marrow taken from
ribs contained Leishmania, but the spleen and liver contained no parasites. The
bone marrow was examined previously in a very few cases. A further examina«
tion of the bone marrow of the dogs of Madras City is called for.

(2) By oral infestion.—In a fairly large proportion of Kala Azar cases the-
disease begins with signs of intestinal involvement simulating typhoid fever. In
the course of all cases, there are periods of diarrhcea and dysentery. In fatal
cases ulceration of large intestines marked, a suspicion of a primal attack of the-
intestinal mucosa. Could Anchylostome and Trichomonads act as carriers ;:
that is, could Leishmania be a commensal ?

Captain W, S. Patton next introduced his paper ‘“Is Kala Azar in Madras of
animal origin?” The following is a sum-

Is Kala Azar in Madras of animal origin ?
mary.

The monkey ** Macacus sinicus”, can be infected with the parasite of
Indian Kala Azar only when inoculated with large doses; it is possible that
very young animals may be more easily infected. The dog for all practical
urposes is refractory ; when inoculated with large doses it may become infected.

he examination of street dogs destroyed during the last seven months in the-
lethal chambers of Madras has failed to show a single naturally infected animal.
Kala Azar in Madras is therefore not of canire origin. The jackal (Cants
indicus ') is similarly refractory and cannot therefore play any part in the
transmission of the disease. The domestic cat cannot be infected even with
large doses. Kala Azar in Madras therefore cannot be of feline origin. The
white rat is also refractory, and so far the parasite has never been seep in the
hundreds and thousands of rats * Mus rattus” and '‘ Mus documanus ™
which have been examined in connection with plague. The goat, the calf and
the pig are totally refractory. As the monkey is not wild in Madras it
cannot possibly be the natural reservoir of the parasite. Kala Azar in Madras
then is not of animal origin but is transmitted from man to man, that is, it is of

human origin.

Captain Patton next introduced another paper on further observations on
Development of the parasite of Kala Azar in the development of the parasite of Indian
the bed bug. Kalar Azar in the bed bug. The following

is a summary.

I take it for granted that the main object of research work in connection with
Kala Azar is to find out exactly how the parasite is transmitted to man, and in
bringing this problem before you, I wish to draw your attention to certain points
connected with its solution. In the first place I want you to assume with me
that the parasite is an insect flagellate, and that it belongs to a group of
forms which at the present day are widely distributed innature. These flagellates
occur in Diptera, Fleas, Lice, Bugs, and Hymenoptera, and -the number of’
species which are infected is very large. I wish to direct your attention to
certain fundamental facts connected with them.

(1) The methods by which they are transmitted from one insect to another
are very numerous. ‘Some insects acquire these flagellates in their larval stages,
others again become infected both in their larval and nymphal stages, while many
ingest them in their adult stages.
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(2) Their life histories follow a uniform type consisting of a series of multi-
plicative changes which culminate in the formation of the round stage, the post-
flagellate; this is the infective stage.

Now in considering the life histories of these flagellates, 1 want particularly
to draw your attention to one point, and that is, we can neither understand the
changes these parasites undergo in their insect hosts, nor give a reason for these
‘changes, if we look upon them merely as cultural forms; that is to say, if we
isolate them from their hosts and cultivate them, we cannot expect to find the
same changes going on as would occur in the insect host. You all know that
the malarial parasite, in order to undergo its sexual cycle must be brought in
contact with the alimentary tract of a certain insect or small group of closely
allied species. In short it is a specific reaction. Exactly the same holds good
in the case of the flagellates of insects; I know of no exception. Let me give
you an example. The flagellate of the house fly, Musca nebulo, will not undergo
its life history in the green bottle, Lucilia serentssima, yet these two insects feed
side by side on the meat in the bazaar shops. The reverse is also true, the
flagellate of Lucilia serenissima, will not live in the house fly. In the same way
the flagellate of a flea will not live in a louse, and wice versa. 1 could multiply
instances, but these will suffice.

Now we may well ask what does this mean? [ will try and tell you in
what direction [ look for the answer.

Those of you who have studied the alimentary tracts of insects will know
that there is considerable variation regarding its structure. In some forms
before the food passes into the mid-intestine, there is a preparatory phase in
which the food is broken up in the crop, in others there is no crop, and the bulk
of the digestive changes takes place in the mid intestine. Now almost all the
insects which are infected with flagellates have no true crop, some feed on
organic matter in water, others on animal and human excrement, some on human
food, and still others on human and animal blood. Here then we have a great
variety of parasites living in insects whose fopd is of the most varied kind, and
they have adapted themselves to these conditions. Now wé are told that the
alimentary tracts of blood sucking insects are nothing more or less than culture
tubes containing rich haemoglobin medium. Such statements would lead the
"unsuspecting observer to believe that these flagellates will live and multiply in
the alimentary tracts of any kind of insect, and not in one particular insect or
group of insects which are closely allied; that is to say, there is no specific:
reaction whatever that may be, between one insect and its flagellates, but it
may be common to widely divergent forms. I believe this is far from the
truth. I would point out to you that this question is not merely of academic
interest, for the whole of our preventive methods in the case of insect borne
diseases depends on this knowledge. i, for instance, the parasite of malaria will
react and complete its life history in the alimentary tract of any kind of dipteron
sucking the blood of man, we will perforce have to alter our anti-malarial
campaign. Again, if the flagellate of Sleeping Sickness will multiply and complete
its life history, not only in one or more species of tsetse fly, but in other species
of diptera, in bugs, fleas and lice, we would be faced with a preventive campaign
well nigh impossible. 1 could multiply these examples by referring to the
protozoal diseases of animals.

I would therefore again repeat that the alimentary tract of a blood-sucking
insect is not a culture tube, and what is more it can never act as such. There
is no greater fallacy than to think that under certain unknown conditions the
alimentary tract of a blood-sucking insect may react as such on the, so-to-speak,
foreign protzoon which may accidentally enter its mid-intestine, and cause it to be
stimulated into activity. What, may [ ask, are these unknown conditions ? Those
who speak of them leave us in the dark, The alimentary tract of an insect is
a living organ in which vital processes take place. There are further
no facts, as far as I know, to show, for instance, that the digestion of
blood in a louse is the same as that in a flea, or that in a flea similar
to that in the bed bug. My colleague, Captain Cragg, has recently been
studying the digestion of blood in a species of Tabanws, and he
has found that it is a complex process. I do not intend anticipating Captain
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Cragg’s work, he will in due course describe his observations. [ venture to
predict it will open up an important biological problem, for at present we know
very little regarding the effect of digestion or any change in digestion on the
parasite of an insect; the many obscure points which at present we cannot
explain, will in all probability be clear when we know more about normal and
abnormal digestion in insects. 1 therefore maintain that the relationship between
the insect, and its parasite is not a casual or accidental one, but is dependent on
a number of definite factors which are peculiar to the digestive processes in that
insect and that these factors govern to a large extent the life history of the
parasite.  So to-day we have specific invertebrate hosts for the protozoal
parasites of man and the lower animals.

The flagellates of insects are a well defined group or groups whose period of
mutability has ceased, so that the species of one group will not pass into the
species of another. It is important to bear this in mind, On the other hand
there is evidence that their hife process may be disturbed, so that an actual
change of host may take place. There is a common flagellate in the alimentary
tract of Culex fatigans in Madras, which passess into the mosquito by way of the
larva. You know that the larva lives in water, and feeds on the small animalculi
and other minute forms which it finds in the water. The flagellate has apparently
an ideal food, for it rapidly multiplies and grows into a flagellate, and when
the male or female mosquito hatches out they will be found at the lower end of
its midgut. After a short time the female mosquito takes a fill of blood from
man or some animal, and the flagellate in a non-resistant stage is suddenly brought
into contact with a complicated organic substance, What is the result—either
the parasite must be destroyed or else it must so modify its life history that when
it comes in contact with the blood it will be in a condition best able to resist any
injurious effect, This is what happens to the flagellate in the female mosquito,
fresh blood destroys it in a short time. Dr. Bentley when at Bombay kindly
shewed me the mid-gut of a mosquito, anopheline I think, which was packed with
the raund stage of one of these flagellates. T must confess that I could not say
what these bodies were until they were stained ; I had never seen the condition
before. The form in Culex fatigans always rounds up in the hind gut and
rectum of the mosquito. This then seems to me to be one of the lines along
which these flagellates of mosquitos may very well alter their life histories .
chiefly as a result of the injurious action of fresh blood on the flagellate stage.
It is not difficult to understand how in time they may leave the alimentary tract
of the mosquito and then pass to the salivary gland. Miss Robertson in
Uganda has recently pointed out that a bug Loptoglossus membranaceus, Fabr.
which feeds on a gourd-like creeper, is infected with a natural flagellate, and that
in the adult bug the salivary glands are nearly always infected with the parasites;
the nymphs never shew them there, as the infection works forwards as the bug
develops. Miss Robertson states ‘I should like to point out that it hasa
certain interest to find this state of affairs in Uganda involving a parasite of the
same genus as that which produces the diseases of Kala Azar and Oriental Sore.”
I consider this a most important observation for it shews that certain factors -
have come into play resulting in a disturbance in the life processes of this
flagellate, and it is seeking an outlet in another direction, though at the same
time being regularly transmitted in the usual way from bug to bug. It is not
difficult to understand how under suitable conditions such a flagellate may be
transferred to a plant. 1 would thus explain the presence of the flagellate in
Euphorbia. This is the light in which I have long seen the parasite of Kala
Azar, It was once an insect flagellate passingits complete life history in its
insect host. In the process of time some disturbing factor was introduced
which was a serious obstacle to the parasite. Perhaps its host passed from
ingesting vegetable food, or insect juices to the habit .of blood sucking.
Conorvrhinus rubrefasciatus appears to be a case in point of how such a change
takes place. If you study the habits of this bug, you will find that it behaves
exactly like many predaceous bugs; in Mauritius it is said to be entirely a
blood ‘sucker in ali its stages, I have no proof that this is the case in Madras.

The interesting circumstances I haye r_ef,erxed to, have ligd. the parasite .of
Kala Azar to alter its life history so that it has now passed into the body of the
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host of its insect host. Here it has become an intracellular parasite. This stage
is now fixed, and the insect phase, as in the case of the flagellate of Euphorbia,
has become obscure. - Nevertheless it is still able to pass into its insect host,
and complete its life history, This can only take place provided the conditions
are suitable. As far as I know at present these may be as follows :~—

1. The stage in which its insect host is at the time the parasite is ingested.
3. The temperature of the air surrounding the insect host.

3. Th_é‘neéessity of an interval to allow the flagellate stage to pass on
to the post flagellate.

I have been attempting to solve the problem along these lines. I have
.already found ont the importance of the third factor, the destruction of the
flagellate stage by fresh blood in the stomach of the bug, and it seems to me
to indicate the line along which the parasite has evolved ; it suggests that .blood
has not been in the past, and isnot at present, the medium in which the flagellate
stage was and is accustomed to live and multiply., Consider then what a serious
obstacle this must be in the way of the parasite completing its life history.

The second factor is the temperature at which the host is at the time the
parasite is flagellating. The parasite of Kala Azar is unable to leave its leuco-
cyte carrier and to pass on to its flagellate stage, until the leucocyte is
digested; in its human stage it is non-motile. At high temperatures the "diges«
tion of the blood in the bug is markedly accelerated, at lower temperatures it is
retarded. There is therefore a certain limit of temperature required, so that
when the parasite is freed, it can not only flagellate, but can obtain sufficient
nourishment to multiply ; and at the same time the bug should not be ready for
another feed. 1 have endeavoured to arrive at that temperature in my second
paper. I have not, however, as yet taken accurate thermographi¢ records of the
range of temperature of Madras during the months of December and January.

The last factor is the stage of the bug when the parasite is ingested. As
you know the bug passes through a series of changes from the larval stage to
that of the adult. It may feed once, twice or three times between each change,
and the condition of the stomach with a partially digested meal is different to . the
condition in which it is with a completely digested meal. A partially digested
meal followed with a fresh one offers the parasite, already in the stomach, a much
better chance of completing its life history ; especially is this the case when the
bug is just about to change from one stage to another, for then digestion is
almost completely stopped. Further, the digestion in the adult stage is much
more rapid than in the nymphal or larval stages.

Assuming then that the parasite of Kala Azar is an insect flagellate, we can
consider the following points. '

(1) The parasite is scantily present in the circulating blood, at times it is
numerous.

(2) Itis, so to speak, a prisoner until it is freed, it can then only flagellate
and multiply when the conditions in the bug are exactly suitable; I haye
sutlined these conditions.

- (3) Though it is probable many bugs ingest the parasite, only a very small
percentage can ever become infective.

(4 The peculiarities well known regarding the disease and its spread, in
. Madras at least, appear to me to fitin with the hypothesis that it is insect borne,
and that that insect is the bug.

_Cgpt_ain Crigg then read the following short note on an’investigation into

" An Investigation into Kala Azar. Kala Azar :—

Captain Patton has mentioned some work on which I have been engaged,
in.connection with the processes of digestion in the blood-sucking flies, and
perhaps it will be well if I give some account of it here. My observations are
not nearly complete and [ have no intention of making definite deductions as
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to the results, at the present stage, but the appearances which I have seen are
very suggestive, sufficiently so as to indicate that there is a wide field of work
on this matter, oné which is particularly interesting to us in view of the possibi-
lities, which it suggests, in the life histories of those protozoa which alternate
between a vertebrate and an invertebrate host.

Before speaking of my work I would like to indicate the line of thought
which led up to it, and the end I had in view. 1 may say at once that I
have regarded entomology as an accessory science only, and have looked upon
the anatomy .and physiology of the insect from the point of view of the parasite
which it may contain or convey. Now, take the case of any parasite which is
taken up with the food of ‘a blood-sucker. In many cases, of which the
malaria parasite is an obvious example, we know that, given the suitable host,.
the protozoon undergoes certain changes which have for their ultimate aim
the propagation of the species. Theoretically, if the conditions were perfect,
and we might easily suppose them to be so in cases in which the blood of the
vertebrate hosts contains a large number of parasites, all the potential invertebrate-
hosts would become infected and infective, but we know that this is by no means:
the case. Captain Mackie informs me that only 5 per cent. of Glossina
palpalis fed under the most suitable conditions become infective, and I have
heard, though I cannot recollect on what authority, and am inclined to doubt
it, that 15 per cent. is the proportion of Anopleles which become infected in the
case of malaria. It is evident that we have here some unknown factor, which
renders the environment of the parasite so unfavourable that only a small propor-
tion of those ingested can complete their development. If we could determine
this unknown factor we would, I am econvinced, be well on the way to solve
many perplexing problems in parasitology and epidemiology. It can hardly
be simple chance, for the numbers are too large; indeed itis evident that
the enormous numerical increase which takes place during the sojourn in the
invertebrate is intended to compensate for the action of some unfavourable
influence. Many possibilities suggest themselves, such as especial vigour on
the part of some individuals out of each batch, lack of suitable feod supply,
the element of chance in the collision of the male and female elements, but
I do not think that any or all of these are sufficient to account for the undoubted
~ fact that only an extremely small proportion of ingested parasites reach maturity.

It appears to me that an examination of the environment of the parasite,
after it has been ingested by the fly,is a necessary preliminary to attempting to
determine this factor, and this led me at once to the study of the digestive
processes in the blood-suckers. This is not the place to discuss entomological
problems ¢z extenso ; 1 witl only indicate briefly the direction to which my observ-
ations point, without going into detail, more especially since my work is by no
means complete.

For the study of the changes which the alimentary tract undergoes during
the digestion of blood, I selected a large species of Zabanus, as being fairly
convenient to handle, and having a simple anatomy. My method was to feed the
flies on cattle, and subsequently, at intervals of from five minutes to three days,
to dissect out the whole of the alimentary tract and to cut it up into serial
sections. The labour involved may be judged from the fact that I have now
about 300 slides of serial sections.

The only part of the gut to which I wish to refer at present is the midgut
in which the important digestive changes take place. I need not describe the
structure of the organ further than to say that it only differs from the correspond-
ing part of the mosquito, with which you are all familiar, in having the columnar
epithelium thrown into villi, so that the lumen of the organ, when it is empty,
has a stellate outline ; the cells of the epithelium are also longer than those of
the mosquito. In the resting condition the striated border, the vacuoles and

ranules internal to the nucleus, all correspond to the conditions described in
Anopheles.

When a fly has had a full meal of blood, the midgut is distended to many
" times its previous size, and one would be prepared to find considerable alterations
in the epithelium as the result of simple distension. Christophers stated. many
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years ago that the epithelium of the midgut of the mosquito loses its columnar
shape and becomes flattened when the organ is full of blood, and this occurs also
in Tabanus. But the folding of the wall into villi renders the gut in this case
more distensible, and the whole of the feed is passed at once to the gut, and
not delayed in the crop as is the case in the mosquito. «

I was fortunate enough to obtain for some of my experiments some 7abanids
bred from the egg by Captain Patton. From one of these 1 prepared a series
of sections showing the condition of the gut within five minutes of the first feed,
and here I found a condition of affairs which was somewhat unexpected. "I can.
not here describe the appearance of the midgut in detail, but it amounts to this, -
the whole of the epithelium is in process of desquamation, the cells being
thrown off into the lumen and their place taken by new cells developed from the
small nuclei which are always to be found, as in the mosquito, between the

- columnar cells. _The desquamation does not take place simultaneously all over
the gut, but commences at the posterior end, so that by looking through a
series of sections one can see all stages of the process. At the upper end there
is a region where the gut is almost unchanged, and below this a region in which
the villi are depressed, and the cells pushed in little bunches towards the lumen,_
many degenerated cells being in the act of separating from their fellows. Fur--
ther down still there is a definite layer of degenerating cells separated from the
epithelium and external to the blood in the lumen, while in the middle and
posterior parts the whole of the cells of the epithelium have been thrown off, and
are replaced by small flattened cells developed from those which were originally
between the columnar cells of the resting epithelium.

It is impossible to convey an accurate picture of the change without very
numerous drawings of the actual specimens, but if we do not stretch the analogy
too far, we might compare the throwing off of the epithelium to the changes in
the uterus during menstruation, The analogy is useful in explaining subsequent
events, for, as in the case of the uterus so here too a new epithelium is
produced, which comes to have the same appearance as that of an unfed insect,
at least on a superficial examination. The cells become first cubical, then
columnar, and finally as the mass of blood gets smaller, collect into villi, until in
72 hours or so the insect is ready for its second feed. I will not go into further
histological detail at present. ‘

These remarkable changes do not occur in quite the same manner in flies
which feed a second or third time, but § am not at present in a position to offer
a connected account of the events subsequent to the third day after the first
feed. It will suffice for our purpose to note that the whole of the epithelium is
thrown off on the.first feed, and that this desquamation takes place with remark-
able rapidity. o '

~ We can see now how this will affect the parasites taken in with the food.
In view of what 1 have said it will be seen at once that the conditions are by no
means so simple as they appeared at first. Take the case of a parasite which
. has to become intracellular in order to complete its life history. 1f it happens to
be in the middle of the mass of blood, and does not reach the epithelium till this
is regenerating, it will have a chance to penetrate a growing cell and will find a
safe place in which to develop, but if it happens to be near the gut wall it may
penetrate a cell which is subsequently thrown off, and will fail to find its proper
environment. Or in the case of a parasite which has to penetrate the wall of the
gut to undergo the necessary changes, it may De able to penetrate at a
point where the gut wall is thinned out- by the desquamation but might fail if
it reached a point where the cells are still cclumnar. A quite unlooked for
element of chanceis introduced by the desquamation of the epithelium, especially
when we remember that it is necessary for the parasite to reach the gut wall
\guickly if it is to do so at all, for at a later stage of digestion the blood loses its
uidity, and moreover the parasite would be shut off by the layer of pigment, the
result of the digestion of blood, which forms all round the epithelium, where the
two are in contact. :

. There is another point to which | would like to refer, namely, the history of
the parasite after it leaves the gut. We know that the ordinary mode of exit of
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the parasite from the body and back to the vertebrate host is through the saliva,
and that in order to reach the salivary glands it has to pass through the haemas
tocoele. Here is another element of chance. So far as we know, the salivary gland
tissue, and the ovaries, in the case of those parasites which are transmitted heree
ditarily, are the only tissues in which parasites can continue their existence
and multiply, but it is quite certain that the parasites, once they penetrate the
wall of the gut, will be distributed in the'blood stream to all parts of the body.
Little seems to be known of the history of any parasites once they leave the gut
and before they reach the glands, but it is a biological ‘improbability that they
should select and move actively towards any particular part of the body. Since
only those which reach the proper place, more or less by accident, can be passed
to the vertebrate host, the chances are not very great, and can only be compen-
sated for by an excess in the number of the individuals which start from the gut.

I think that what I have said is enough to indicate that, in the study of the
environment of the parasite, whether it be a flagellate or a non-motile organism,
and particularly of the processes of digestion in the bloodvsucki::gg flies, we have
every hope of determining the unknown factor which should accdunt both for the
small percentage of success in transmission experiments, and for the relatively
small percentage of Anopheles mosquitos which are found to harbour the parasite
in places in which almost every human being is infected. 1 do not suppose that
the suggestions I have put forward will account for more than a fraction of the
missing factor, for ourknowledge ofinsect physiology is a mere fragment of the
truth ; if what [ have said however will provide a working hypothesis, that will
be sufficient for the present.

A.progress report on Kala Azar by Captain F. P. Mackie, I.M.S., whicu
will be found in the appendix was then

Progress report on Kala Azar, T
g P read. The following is a summary.

- ‘The laboratory work detailed below has been carried out in the Burdwan
district during the last two and a half months. Of several thousand out-patients
passed in review, most of whom suffered from enlarged spleens, 58 cases were found
to be clinically suggestive of Kala Azar, and of these 23 (39'6 per cent.) shewed
the presence of Leishmamia on spleen puncture. The general type of disease in
Burdwan was milder than in Madras. The diagnosis between chronic malaria
and Kala Azar is very difficult, apart from the finding of the specific parasite,
and, except in cases carefully observed in hospital, must be reparded with .
suspicion, No evidence was obtained pointing to any special seasonal occurrence -
or to house infection. The presence of [.éishmania in’ the peripheral bload is
unusual. Three hundred and twenty.one bugs caught in the beds of patients
known to be suffering from Kala Azar were dissected. None were found to
contain Leishmania. Seventy young bugs bred in the laboratory were fed om a
case who had peripheral parasites, but no infection of these insects could be
traced. )

As a result of animal inoculation the follewing experiments were successful i—

White mice.~One positive out of twelve. Leishmania were found in smafl
nambers in the spleen but none in the other organs. Sub-inoculation in the
white rat was negative.

White rat.—Seven in number were all negative.

Flying foxes.—Two were inoculated and in one Leishmania were found locally.
three weeks later, The second animal suffered from an early general Leishmania
infection, and these parasites were found in the pancreas and kidney but not in
the spleen, bone marrow or other organs. :

Monkeys.—One out of two monkeys bec_ame infected a month after inocula-
tion. The spleen and liver were found to be infected but not the bone marr~w

and other organs.
The foHowing experiments are proceeding :—
(1) The question of Leishmania infection of ankylostome worme
(2) and of leeches.
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13) Attempted transmission of Kala Azar to a monkey by feeding it with
water fouled with the feeces of a Kala Azar patient.

(4) Transmission of Kala Azar to animals by the peritoneal route, by
feeding and by skin scarification.

(5) The examination of dogs and other possible reservoirs of Kala Azar
in endemic areas, '

(6) The collection of biting insects in the endemic areas.

Dr. V. T. Korkeintroduced his paper on Kala Azar, of which the following

is a summary.
Kala Aaar, Dr. Korkey said that as a result of hisg
epidemioldgical enquiries in Madras, he arrived at the following conclusions,
That Kala Azar is endemic in Madras and does not manifest itself by epidemic
outbursts as in Assam. It appears to be especially prevalent among Eurasians,
less frequently among Hindus and least frequently among Muhammadans. Dr.
Korke believes that Kala Azar is not a house infection.in the sense that the
disease clings to the actual building; but thinks that it is necessary that contact
with a previous case should take pﬁme to effect transmission of the disease. This
he supports by evidence showing that the disease tends to cling to commus
‘nities havin%] close social intercourse and to spread among the separate families
forming such communities. The evidence collected by Dr. Korke appears to
favour equally the insect-transmission and oral transmission theories and more
work is clearly needed.

Captain T. C. McCombie Young next introduced his paper, giving an

Eodemic Kals Azar. account of an investigation of endemic Kala
) . Azar in the plains districts of Assam, of
‘which the following is a summary. o

The paper gives a short account of an investigation now in progress, which
aims at obtaining precise knowledge of the extent to which Kala Azar in
its endemic form is prevalent in Assam. A short account of the history of the
epidemic of the eighties and nineties is given, and the authority of Major Leonard
Rogers is quoted to emphasize the importance of protecting from infection the
Upper Assam Valley in which the endemic form of the disease is still unknown,
and to affirm the need for vigilance with regard to the future behaviour of the
disease. Some suspicious tendencies towards increased activity of the disease
in areas in which it is known to be endemic are described, and a short account is
given as to what is at present known regarding the extent of the infection in
these endemic foci. In reviewing the situation, the opinion is expressed that
while the condition of affairs is not such that any immediate recrudescence of
the disease in its epidemic form need be anticipated, yet there is need for vigi-
lance, and the present period of quiescence should be utilised in preparations
against a day when more serious conditions might arise. As the first step
towards framing preventive measures, it appears necessary to ascertain the
extent to which the health of the province is tainted with Leishmania infection
and a scheme to effect this was drawn up. This scheme, which was approved by
the local administration and which is now in active progress, is summarised as -
follows :—Fourteen sub-assistant surgeons and two assistant surgeons have been
set to work in the affected districts. They will visit every village in the area
allotted to them and ascertain the presence or absence of Kala Azar in each,
Their reports will be checked and verified by the Deputy Sanitary Commissioner
who is in charge of the investigation. On the termination of the survey it is
hoped that precise information as to the number and situation of all the infected
villages in tge province will be available. When this is known, it is hoped that
practical preventive and ameliorative measures can be put into operation and
that further research into the causation of the disease will thereby be facilitated.
The scheme is put forward with the objectof eliciting constructive criticism and
advice as to the conduction of the investigation.

Rai Kailas Chandra Bose Bahadur next re;d a pa%erl or;‘ the gelalltli'dll'xl
. ~ , of Malaria Fever to Kala A7ar of whic
Kale Azhr and Malerial Fever. the following is a summary.
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The scope of the paper, which is based principally upon the reports of a
few cases of fever closely watched from the very commencement of the illness,
is simply to establish the fact that Kala Azar is only a phase of malarial fever
and the results hitherto obtained from the Research Laboratories do not create
grounds for its isolation. The benefit derived from prolonged investigation does
not repay the time and labour spent upon it. -

THE DI1SCUSSION.

Dr. Bentley said.—I wish to criticise some of the points raised in
Colonel Donovan’s paper. Colonel Donovan says he strongly suspects that
the epidemics of Kala AZar reported from Assam were really malarial in
origin. In answer to this I would like to recall to his memory the fact
that long before 'the discovery of Leishmania Donovani, 1 reopened the
discussion regarding the etiology of Kala Azar which had been declared
to -be malaria, because evidence, collected during the study of a serious
epidemic of the disease, negatived this theory of causation, and after Colonel
Donovan’s discovery of the parasite in Madras, I obtained similar para-
sites by splenic puncture in a number of cases, many of whom had been under my
observation for months. The epidemic to which 1 allude occurred on a tea
garden in the Darrang district of Assam. Two coolie lines, containing a total
populatien of about 1,200 people were invaded and of this population goo even-
tually died. Altogether about 9o per cent. of those attacked finally succumbed
to the disease. T%)is epidemic resembles those previously described by Rogers
as occurring on tea-gardens and arhong villages in other parts of Lower Assam.
An important point in connection with this epidemic, to which I called attention
in 1902, was the fact that new cases of infection usually appeared to occurin a
household containing a case of the disease, only after the patient had developed
dysenteric symptoms, [agree with Captain Mackie that there appear to be certain
differences between the cases of Kala Azar in Assam and Bengal and those met
with in Madras. It is almost impossible to find parasites in the peripheral blood
of cases in the former areas. The spleen of these cases also is usually very hard
and tough and there is little or no danger in performing splenic puncture with
ordinary precautions.

Major Fry said.—Major Forster worked 'at malaria in Bengal during the
cold weather of 1gog. In his report he stated that Kala Azar was sufficiently pre-
valent to throw grave doubt on the value of a spleen census as a measure of malaria,
In my recent report | have been at some pains to prove that he has over-estimated
the amount of Kala Azar. My belief is that the amount of splenomegaly due
to Kala Azar is less than 5 per cent. of the total, the remainder being malarial,
and Iam glad to find that Captain Mackie agrees with me. It seems quite certain
that the disease as it exists in Bengal differs from the Madras type and is much
less fatal. [ have watched the natural recovery of two advanced cases. Two
years ago these two boys were in thée advanced stage with enormous spleens and
livers, extreme wasting and cedema. They are now practically well, In the’cases
treated in hospitals dysenteric symptoms are uncommon. Again, the parasite
cannot be found in the peripheral blood. I have examined blood from 23

roved cases and over 100 clinically diagnosed cases, examiging 150 white cells
ih each and have not yet seen a parasite. I know western Bengal very well
now, and Kala Azar is, at present, chiefly in the Purnea district.

Captain W, C. Ross suggested the possibility of the infection being water
borne—either directly or indirectly through an intermediate host.. The peculiar
geographical distribution of the disease which is more prevalent in water-logged
areas where the water-supply is contaminated and bad, and the fact that the
opatimum temperature of development of the parasite is low and has a narrow
range, and is practically the temperature of surface waters in the tropics during
the greater part of the year, all point to the possibility of such a theory.
No theory of transmission has yet been sufficiently investigated or proved and
other possible means of infection than biting insects deserve attention. :

Major Lalor said.-%With reference to Captain Patton’s admirable address on
Kala Azar-and in connection with my theory of the vicarious action, under certain
conditions, of malarial carriers which I enunciated at this Meeting, the day before
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yesterday, | raised the point of varying relation between parasites and their insect
hosts. 1 do not wish to travel outside malaria which was the field of my remarks,
but if 1 am to make my view plainer and put it tentatively into the form of a
law, I would say,—the vitality of a parasite through its life stages in an
insect host is the result of an asymbiotic relation between the individuval parasite -
and the individual host;-the terms of which are those of their relative vital poten-
tial. ~ If the relative vital potential of the parasite is too high, the host dies, if the
relative vital potential of the host is too high the parasite is destroyed. [ was
concerned at the time with the fact—if it is a fact-—and nét with its explanation.

Rai Kailas Chandra Bose Bahadur -remarked that his difficulty arose from
his inability to understand why a gulf should exist between the diseases of
malaria and Kala Azar. He believed that the day would come when this gulf
would be bridged and the diseasesbe shown to be identical. He was sorry to
find that there 1s no record of any single case which has been watched from
beginning to end. The disease must be known by its onset course and termina-
tion. The discovery of Denovan bodies in the blood of patients suffering from
Delhi boil and Oriental sore compromises the value of the test to a material extent.

Captain F. P. Mackie thenreada paper on the investigation of protozoal
Investigation of Protozoal Diseases. dxsgas:es with sp ecial reference to the dlff'er )
entiation of trypanosomes. The following

is a summary.

The paper dealt with a scheme for the investigation of certain tropical
diseases and was drawn up on the lines of the work of the Royal Society’s
Sleeping Sickness Commission in Uganda under Surgeon-General Sir David
Bruce. It suggested d method by which such problems should be approached
and indicated that work should be directed to four mai points ;—Firstly.—~The
microscopical examination and careful measurement of the parasite under con-
sideration. Secondly.—Its effect on various laboratory or domestic animals.
Thirdly.—The insect or other agency responsible for its transmission. Fourthly.—
The question of the existence of a reservoir of infection in apparently healthy
animals, Besides these, four other tests of a more technical nature were referred
to. The methods employed ininvestigating™a protozoal disease were then examined
in detail and Captain Mackie took as a test the work on trypanosome diseases of
animals done by the Commission in Uganda of which he was a memher.
Emphasis was laid on the existence of a * reservoir "’ of infection in apparently
healthy animals, by which means a protozoal disease might be transmitted to new
arrivals in a district, through the intermediary of the appropriate insect carrier,
As an instance of this, the Commission’s findings of the evil potentialities of the
wild game in Uganda as reserve supplies of the virus of Sleeping Sickness were
referred to, for certain antelopes which are apparently perfectly healthy are infected
with human trypanosomes and tse-tse flies act asa ‘“ go between” from these
animals to man. In conclusion, three postulates were laid down in determining
the part played by an insect as a carrier of a specific infection. These were :—
(1) The parasite should be foundin the insect in its wild state and the distribu-
tion of the disease and of the carrier should coincide, remembering that the

. intermediate host may exist without the discase, but where the disease is spread-
ing, the insect carrier must be present. (2) The parasite should be shewn to
be capable of living, developing and perhaps passing through certain stages of its
life history in the body of *“ laboratory bred * specimens of the suspected carrier
which have been fed on infected material. (This eliminates the confusion liable
to be caused by the presence of natural parasites in the insect. Hereditary
transmission of these must be excluded.) (3) The disease should be trans-
missible from a diseased to a healthy susceptible animal by the intermediary of
laboratory bred insects of the appropriate species. The speaker concluded by
applying these postulates to well known tropical diseases. He pointed out that
the role of the mosquito in malaria, the tse-tse fly in sleeping sickness, the rat
flea in plague, the Tick in African relapsing fever, and the body louse in Indian
relapsing fever, satisfied all these postulates, whereas inthe case of the Stegomyia
mosquito in Yellow Fever (which was certainly the true carrier), and the body
louse in typhus fever, only one postulate was at present satisfied whilst in the
“ bed bug theory ' of Kala Azar only the second.and least important postulate
was as yet proved. : '
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Captain F. P. Mackie finally introduced his paper on the body louse as a
disease carrier: the following is a sum-

The body louse as a disease carrier,
mary,

The author states that since his original observations in 1907, on the part
played by the body louse in an epidemic of relapsing fever in the Mission School
at Nasik, a good deal of evidence has been produced to substantiate the hypo-
thesis, and the disease carrying powers of the louse in other directions has been
subjected to critical examination. He first outlined the conclusions to which he
originally came when working at Nasik, and as a result of the analysis of the
work, since published, he maintains the position that the body louse is the true
insect carrier or intermediate host of the parasite of relapsing fever (“ Spirocheta
Carter:”). From observations in St. Petersburg, in Morocco, in Egypt, in Paris
and elsewhere, these results have been confirmed. In all places where epidemics
have been examined in the light of the Nasik observations, the epidemiological
evidence has been strongly in favour of the louse, and generally as strongly
against the bed bug hypothesis of the transmission of relapsing fever, which pre-
viously held the field. Sergent and Foley in Morocco have succeeded in trans-
mitting the disease from men to monkeys, with regularity, through the medium of
the louse, and Mantefel in Germany has shown that relapsing fever in rats is
readily carried from one animal to another by the rat louse. The three postulates
necessary to incriminate an insect as a true intermediate host have therefore all
been satisfied, (1) that the insect in its wild state harboured the blood
Spirochete, and this was coincident with the distribution of the disease. (2)
That the Spirochete was found to be capable of living and multiplying in lice fed
artificially on patients suffering from relapsing fever. (3) Whilst the third and
most important postulate was proved by Sergent and Foley in North Africa; they
had succeeded in producing relapsing fever in monkeys on which infected lice
had fed. - The paper then describes some experiments, which have been done in
Tunis by Nichole, and in America by Anderson and Goldberger and by Ricketts
and Wilder, on the transmission of typhus fever by the body louse. The evidence
is strong enough for one to state definitely that the body louse is also the carrier
of typhus fever. The epidemiclogy of relapsing fever and typhus fever are
almost identjcal ; these diseases have existed side by side, often undifferentiated,
from time immemorial. The virus of typhus fever has not yet been discovered,
though that of relapsing fever has been recognised since 1875. The paper
concludes with a summary of the main known fact concerning the appearance
and habits of the body louse, and it is stated that, owing to the susceptibility of
the louse to antiseptics, and even to plain washing and sun-drying, epidemics of
relapsing fever and of typhus fever should be easy to control in the future.

RESOLUTIONS.

The following Resolutions were then placed before the Meeting and all
were passed without dissent :—

5. That after another year's experience and investigation, this Meeting
desires to endorse and again bring to notice the Resolutions passed at the last
Meeting as noted below :—

(#) This Meeting is of opinion that researches by experts in the neld,
such as those carried out by Christophers and Bentley, prove the
value of preliminary scientific investigation, and seem to point
the probability that anti-mosquito measures may not prove so
costly as was at one time feared.

(75) The Meeting believes that no one measure can be suitable for all
the conditions that favour the prevalence of malaria ; that quinine
rophylaxis applied to a free population is difficult to carry out
in the thorough way necessary for success; and that a combina-
tion of several measures may be required as local circumstances
may indicate. The Meeting is of opinion that notwithstand-
ing the difficulties of quinine prophylaxis, it cannot be too
strongly. emphasized that under the peculiar conditions of the
Indian populace, arrangements for the treatment by quinine of
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those sick from malaria is a matter of primary impottance from
the point of view of saving life, of preventing suffering, and of
destroying a potent source of infection.

(s5f) The Meeting desires to call the attention of Government to the
possibility of danger arising from borrow pits in proximity to
human habitation, especially when such excavation would result
in stagnation of water therein,

(#v) The Meeting is of opinion that the education of the peopleis a
most important anti-malarial measure and that every eftort should
be made to secure the co-operation of the public, without which
there is little hope that the campaign against malaria will ever
be crowned with success, It is believed that instruction in schools,
as well as lectures and lantern demonstrations in villages and
towns, are the best methods of propagandism and that in this way,
information is more likely to reach the people, than by the publi-
cation of pamphlets and posters.

(v) The Meeting, while strongly recommending the prosecution of
further research, is of opinion that, although expert investigation
is still necessary, enough is known as to the breeding habits of
mosquitos, etc., to make it frequently possible, for trained workers,
to deal with malaria in an efficient manner.

2. That in view of the correlation which certain observers have found to
exist between density of jungle in and around villages on the one hand, and intens
sity of malaria on the other, it is desirable that this question should receive the
careful attention of all those working. at malaria in India, with a view ta the
collection of information for discussion at the next Meeting.

3. That experience, in the United Provinces and elsewhere, has shown that
the regular administration of quinine to children in schools during the malarial
season is a practical measure of proved utility and of easy application; and
that this measure, in addition to its immediate effect on health, is likely to
prove a powerful aid in the spread of kaowledge regarding the uses of quinine,
both in the prevention and cure of malaria.

4. That, amongst methods of combating malaria, this Meeting desires
to lay special stress on general methods of water tidiness, such as the filling
up or draining of pools in which dangerous mosquitos may breed, and the
cleaning and trimming of the edges of all tanks or water courses situated in
the proximity of villages, so as to deprive the mosquito larve of the protecs
tion against their natural enemies afforded by weeds; and that in rural areas
this object can best be attained by the formation of anti-malarial societies on
the lines of the Coronation Anti-Malarial Society recently started at Jessore.

8. In view of the fact that investigation has shown that the cultivation
of rice and other crops for which an abundance of water is necessary during
growth, need not lead to the formation of dangerous breeding grounds for
mosquitos, it is desirable, in the interests of agriculture in India, to definitely
ascertain the precise conditions under which such cultivation is, or is not, likely
to be harmful.

6. That the provision of a pure and protected water-supply and any means,
whereby the health of a population can be improved and its power of resistance
to disease increased, must be regarded as important measures of sanitation,
useful alike against malaria and other diseases both in urban and in rural
areas.

7, That further research is necessary with a view to ascertaining the most
effective larvicides and natural enemies of the mosquito, and which of them are
best suited for use in particular localities and under different conditions of ene
vironment. Also that it is desirable to consider the advisability of constructing
ponds in centres where permanent water can be obtained, for the breeding on
a large scale and the distribution of the more important of the natural enemies
of mosquito larvee,
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8. That, pending the completion of the Stegomyia surveys, this Meeting
is notin a position to express any opinion as regards the practicability of the

extermination of this mosquito or its reduction to non-dangerous numbers in our
chief ports. '

9. That further enquiries are necessary into the etiology and modes
of transmission of the various forms of Spirochetal infection and of the
fevers of short duration such as Dengue, *Seven Day” and ‘ Three Day”
fevers, the pathogenic organisms of which appear to be closely allied to that of
Yellow Fevgr. -

to. That, whilst continuing the examination of dogs and the laboratory
experiments in_connexion with the etiology and mades of transmission of Kala
Azar, further field investigations should be undertaken both in Madras, Bengal
and Assam with a view to ascertaining what are the conditions specially favour-
able for the spread of the disease.

PRESIDENT'S CLOSING REMARKS.

Surgeon-General Sir Pardey Lukis in closing the session said :~

I wish to thank you all for the attention you have paid to the discussions,
and also for the many excellent papers that have been put before us. [ think we
have had three extremely interesting and instructive days, and Sir Harold Stuart
has asked me to say how very much impressed he has been by the great growth
of interest and the enormous expansion of research and other work that has
taken place since he presided over our first Meeting at Simla in 19gog. Each
year there-has been a steady improvement both in the papers read before the
Meeting and in the subsequent discussions, and | hope that next year we shall
“do better even than this year. In conclusion I wish particularly to associate
myself with all that Sir Harcourt Butler said in closing the Sanitary Con~
ference as regards our gratitude to the Madras Government, and every one

concerned, for all they have done, both to entertain us personally, and to make
this Meeting a success. 1 am sure youwill all join with me in this expression of
our gratitude, and particularly in according a cordial vote of thanks to Major
Robertson, Captain Justice'and Captain McKendrick who have been the moving
spirits and the working officers of the Meeting.
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REPORT ON THE WORK OF THE CENTRAL MALARIA BUREAU,
1911-12.

A complete set of all the known Indian anopheles having now been obtained,
the work of the Central Malaria Bureau has consisted, first, in making as many
duplicate sets, as possible, of the type specimens, to enable officers, working at
the Bureau, to take out and thoroughly examine specimens without there being
any danger of the type ones being injured or destroyed ; secondly, in making up
and sending to public Institutions and Colleges, both in India and abroad,
complete sets of Indian anopheles or as nearly complete sets as it is possible
to obtain within a reasonable time ; thirdly in collecting a very large number of as
many varieties as possible for the use of o%cers and warrant officers at the malarial
class, held twice a year, as well as the bacteriological class held every second month,
at which two or three daysare always devoted to malaria. In addition, the
identification of the large number of anopheles or culicines, sent to the Bureau
for that purpose, has been continued, though the work has been somewhat
delayed. owing to the medical officers in charge of the Bureau having been away
_“on special duty in the Andamans, Amritsar and Delhi.

A point was made this year of collecting and identifying varieties of fish
which are known larvae feeders throughout their lives, Specimens of the follow-
ing were added to the collection at the Bureau :--

Haplochilus panchax.
Haplochilus lineatus.
Basbora dansiconsus.
Ambasis Ranga.
Anabas scandens.
Ophiocephaius punctata.
Dasnio Cyprinidae
as well as the following specimens of the duckweed tribe,
Lema Minor and Gibba,
Woolfia and Asolla

which have been found, when growing in a thick layer on the surface of pools. to
be a hindrance to the growth of larvza.

- During the year a note was made of the various stations from which speci-
mens of some of the commoner known carriers of malaria were received. Mys.
Culscifacses was received from the following :—

Amritsar .. s ) Abbottabad (3,900 ft.) ... )

Delhi - Tall ;F’rontier Province.
Atari e «+ FPunjab. Tonk ...J

Perozepote ... Quetta o )

Kaika . o Y Batuchistan.

Kacha (5,000 ft.) ... J

Balaghar ... s« Central Pevinoces, Bombay,
Jeypore,
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N. Stephensi from—

Amritsar ... v ) ] Abbdottabad I
' North West
Delhi e o . Tall ... »Frontier
: ) Province. ,
Rawalpindi Tonk - Thrée stations
¢ Punjab. in the Central.
Beas " Poona Provinces,
Madhopur .., Bombay ...
Multan e J
Hy. Fuliginosus from :—
Amritsar .., e 1 ‘Abbottabad in North West Frontier Province.
Delhi S
Punijab,
Rawalpindi we ] Agra in United Provinces.
Kangra
Mandla (11 asy 7 "
, Sibsagar.
Thartawaddy in Burma. ‘Rewah w0 - ..
g i . Jalpaiguri.
Balaghat ... ... $Central Provin-
ces. Jeypore.
Hoshangabad '
Bombay.
Hodel o e

These lists only show stations from which specimens have been received,
for fgentiﬁcation, at the Bureau, yet are sufficient:to imlicate:how widely dissemis
nated are these three common carriers of malaria. ‘
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MALARIA IN THE MADRAS PRESIDENCY.

NOTES ON THE STATISTICS OF THE PAST 10 YEARS.
By Captain F. H. HORNE, I.M.S., Special Malaria O fficer, Madyas.

In accordance with the original scheme of the Madras Malaria Board, a
preliminary inquiry into the vital statistics of the Presidency was commenced
on August 16,1912, and though still far from complete, has revealed points of
interest which are perhaps worthy of record now.

The revenue talug (f.e., the sub-division of a district) has been taken as
a unit, a variable one it is true but averaging roughly 600 square miles and con-
taining 200,000 persons. The total mortality figures of these talugs have been
““ graphed * and examined as to seasonal swings and epidemic rises, and associat-
ed natural conditions studied.

The Madras Presidency, thanks to its remarkable variety of physical
features and climate, may well be divided into five natural divisions 2iz.,
West Coast Division
South "
East Coast (proper) ,,
Decean "

The Agencies or Hill Tracts in the nérth-west of the
Presidency ;.

Al ol I S

and the interest of the present incomplete inquiry may best be attained by choos-
ing five districts representative of these divisions and examining each in turn.

{.—WEST COAST DIVISION.

Districi—S. Canara.

'An abundant rainfall and rich soil render this district one of the most fertile
in the Presidency. The annual rainfall averages 145 inches and occurs mainly
from June to September. The climate is moist but equable.

Mean Temperature wo = 76 (January) — 83 (May)
,, Humidity ... = 77— 80 per cent,

Rice is grown in the valleys, millet on the hill sides, while the higher slopes are
covered with dense forest.
The vital statistics show a fairly high birth rate, death rate and infantile

mortality, the average of the past five years being 35 and 28 per mille and 19 per
cent. respectively. With the exception of the year 1907 these vary little.

The mortality curve shows remarkably regular seasonal variations. There
are two main annual rises; one from June to September, coincident with the
south-west monsooh ; the other from December to February, The latter is al-
most always the higher antl reaches an epidemic figure of 2-3.

S. Canara has the reputation of possessing a high ¢ fever” death rate and
the regularity and shape of the December rise certainly suggest malaria, though
this will require further investigation,

 The cause of the high mortality in 1907 was a double epidemic of cholera
in July and December. ‘

[I.—~SouTH DIVISION.

District—Tinnevelly.

A flat surface and an equa:ble hot cli.mate are the main characteristics of
this, the most southerly district in the Presidency.

1385C
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The raintall is scanty, avcraging only 29'3% inches and occors mainly from
October to December. .

Mean Annual Temperature . 854° (77°—86°)
Humidity soo ..+ 05 per cent.

”

The northern half of the district consists of black loam and is little irrigated

the southern half on the contrary has a red sandy soil and is both irrigated and
extensively cultivated, rice being the chief crop. :

The statistics show a moderately high birth rate and low death rate,
though a rather high infantile mortality.

Birth rate ’34'3 per mille.
Death rate . 262 ,, o
Infantile mortality 18:8 per cent.

The total mortality curves are always highest during the rainy months
(October—December) sometimes reaching an epidemic figure of 3; but cholera
is then present and is apparently the cause though the curvesare not typical.
The southern talugs do not appear to be more affected than the northern. An
unusually high death rate in 1906 was also due to this disease.

An epidemic of malaria is said to have occurred in a small part of the Nan-
guneri (southern) taluq in February and March of this year (1912). The talug
curve shows no evidence of this and a detailed report is not as yet available.

1H.—EAST COAST DIVISION.
District—Chingleput.

This is a fertile low lying district with a moderate rainfall and temperate
climate. The rainfall averages 45 inches and occurs mainly from October—
December,

Mean Annual Temperature voe 82° {76° — 88°)
» Humidity 71 per cent.

The soil, apart from a wide sandy strip along the coast thickly planted with
casuarina trees, is well adapted for cultivation, and is irrigated by means of
large artificial tanks throughout the country. Rice and ragi are the main crops.

This district is known to contain centres of hyperendemic malaria, confined
so far as is known, to the sandy strip along the coast.

Vital statistics show a high birth rate, (the highest of the five districts
under consideration) a moderate death rate and a high infantile mortality.

Birth rate 35'8 per mille.
Decath rate 242 ,, "
Infantile mortality bee 21 per cent.

Here again the mortality charts show a rise at the end of the year, com:
mencing in September and falling in February. The extent of this rise is muct
greater in some talugs than in others. In Tiruvallur and Saidapet the death:
are almost twice as numerous in the wet weather; in Ponneri and Chinolann
(which curiously enough are both coast talugs) the rise is very slight.

No reason for this can as yet be given.

There are no signs of epidemic malaria. The years 1go1 and 1906, wer
exceptional in having low birth rates. That of 1906 is explained by a sever:
cholera epidemic in the previous year; in 1901 the cause is unknown owing t
‘the want of statistics.
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1V.—DECCAN.

Dastrsct—Cuddappah.

Generally speaking, Cuddappah is a dry upland dic..ict, more barren than
ectile and with a scanty rainfall. The latter averages 28 inches annually and
occurs mainly from July to September. The climate 1s drier and presents grea-
ter degrees of heat and cold than the coast districts.

Annual Mean Temperature ... - v 84°
. Humidity ... between 60 and 70 per cent.

Fhe country is very liable to floods, the cultivation is wmostly “dry”, and
the chief crop is cholam.

A somewhat more detailed description of the talugs is necessary, owing to
the occurrence of localised malaria epidemics in them.

(1) The four south-west talugs form part of the Mysore table-land and lie
at an elevation of 1,500-2,000 feet. The surface is hilly, the soil poor and the
crops “ dry . The climate is said to be healthy. :

(2) The four northern taluqé are lower lying, flat and consist of black cotton
soil. The crops here also are “dry”. These talugs include Cuddappah,
notorious for “‘ fever .

(3) The three eastern t#lugs are also low and flat, and contain large belts
of alluvium which make them the most fertilz in the district. The crops here
are mostly “ wet'.

The vital statistics show a low birth rate, death rate, and infantile
mortality. :

Birth rate 26'7 per mille,
Death rate ok ces 22’5y »
Infantile mortality 15°16 per cent.

. The total mortality charts keep, as a rule, remarkably steady and show
jttke tendericy to the cold weather rise sO noticeable in the other districts.

In the years 1910 and 1911, however, vital statistics and mortality curves
underwent a marked change, owing to the occurrence of two epidemics, which
the evidence so far-obtained goes to show were malaria.

The figures for the district are as follows :—

Average. C 1905-00. 19t0. 1g1t,
Birth rate 267 , 213 . 21
Death rate 22'5 32'7 24°%
Infantile mortality ... 159'7 2329 155'5

The 1g0g-10 epidemic, the more severe of the two, involved five talugs in the
south-east corner of the district, with its centre at Royachuti (a hill talug) whose
epidemic figure was 5°9 and spréad to a slight extent eastwards to the adjoining
district of Nellore. 1t commenced simultaneously in all five talugs in October,
reached its height in December and ceased in the following March.

Both the south-west hill and east alluvial-talugs were affected; the northe
ern, with the exception of Cuddapah, not at all.

The 1910-11 epidemic was also localised but affected the northern tahiq.é
mainly, with its centre at Cuddapah (E.F. = 4'3). This time the hill talugs
with one exception escaped.
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In both epideﬁiics almost all the talugs affected showed an abnormally
heavy rainfall that year, '

The deaths were mainly among children ; in Royachuti talug in December .
1gog and January 1910, the death rate among children from 1-10 years was
thirty times the normal, that among adults in each decennium (from 20-50) thrice,

Still more significant is the effect of these epidemics on the birth rate of
- the following year.

Births, |
f&;:;i;g;’. 1910, 11y,
Vayalpadi (involved 190910}  ...° 3,366 1,812 3:318
Cuddapah (involved both years). ... we | 3,266 2,354 | 2,326
Siddhout (involved bath years) ... 1,804 1,337 1,428

Cholera was not prevalent in the district ‘during these epidemics. In one

taluq it did occur in December 1910, and it is interesting to note that the age
. mortality was then greatest among adults. ,

V.—-HiLo TrACTS.

District=—Vizagapaiam.
From its history and physical " features, its’ pleasant climate and yet un-

healthy reputation, this district is perhaps the most interesting in the Presidency.

It has long been known as a malarious region. As far back as 1859 an
attem?t was made to build a Sanatorium fer troops on one of the hill ranges, -

and of 50 or so soldiers sent up all but two 'got fever and the project was
speedily abandoned.

The district consists of two main partsé-
(1) A flat strip of red soil, 30 miles broad, along the coast.
. (2) A hilly plateau 1,000-—3,000 feet high, to the west of this.
.,V In the flat the rainfall a’verages 41 inches and occurs mainly in wcprom.
and October. ‘

[}
Mean Annual Temperature sen 81°

" » Humidity... cos cor 72°6 per cent.

In the hills, the annual rainfall is 57 inches, as they receive the south-west
-monsoon-in addition, and the climate is naturally cooler. ‘

The vital statistics show rather a low birth rate but are otherwise normal.

Birth rate

aee 287 per mille,
Death rate oer we 238 5 n
Infantile mortality .., »ee 15 per cent.

As regards the total mortality charts, Golgonda, (the only hill falug for
which returns are available) shows an annual rise in November and De-
cember, of varying height, sometimes giving an epidemic figure of from 2-3.
This taluq is notorious for malaria and the chart appears to bear this out, but
further investigation is necessary. ‘
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Of the talugs in the flat some also show this rise at the end of the year,
but to a less extent ; others (e.g., Vizagapatam) keep remarkably level,

SUMMARY.

1. Only one district shows evidence of epidemic malaria: its soil is barren
its climate dry, its rainfall scanty but when heavy liable to cause floods.

The epidemics were localised and associated with increased rainfall but not.
with drought in the previous year.

The epidemics were followed by a marked reduction in the birth rate of the
subsequent year. :

2. Normally, deaths are most frequent at the beginning and end of the year.
This rise is accentuated in districts known to be malarious.

3. Areas known to harbour endemic malaria appear to be associated with a
high infantile mortality, but may possess a high birth rate.
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RESULTS OF THE MALARIA INVESTIGATION IN THE CENTRAL
PROVINCES.

By Major T. G, N. Stokes, 1.M.S., Sanitary Commissioner, Central Provinces.

The investigation has now been in progress for two cold weathers, »iz.,
1910-11 and 1911-12, and has completed the inquiry on the lines laid down in
Paludism No. 2, for 10 outof 22 districts. Itis now decided to expedite the
completion of the remaining districts by working continuously all the year round
instead of confining it to fever seasons, which has hitherto been the method, A
separate report has been issued on the work for each season, butl may here
summarise briefly our results,

Endemic malaria.~This, as might be expected from the climate and
physiography of the country, is widely prevalent, more particularly so along
the Satpura hills which run right acrossthe province. The following are the
causes assigned for this state of things :—

1. The presence of scrub jungle, dense jungle and rank vegetation in the
vicinity of villages,

2. The presence of harmful species of anophelines, iz, M. Culicifacies,
M. Listoni, N. T heobaidi, and P, Feyporensis, all of which breed in shady jungle
ravines with hard stony impervious beds, which retain water to the end of the
cold weather.

3. Low economie condition of the people.~~This reaches its maximum in the
rains when their grain supply~—fodon, kutki—-is getting low, there is no jungle
product with which to eke it out and no 'money to be earned outside==they are
moreover poorly clothed and mosquitoes abound, - -

4. Sociil conditions.—Jungle villages are frequently split up into groups .
of huts at short distances apart, which make village site-clearing difficult ; there
is moreover the system (jagal) of watching crops round the jungle edge to
frighten away pig, peafowl, etc., which exposes the villager at night to the
onslaught of mosquitoes.

The effect on the population of endemic malaria is to increase the death
rate by about 10 per mille per annum, The birth rate remains practically the
same as that for healthy villages, but the seasonal variationis quite different,
the highest rates being recorded early in the year instead of in the autumn,
which 1s the rule in healthy tracts. This is accounted for by the fact that
during the fever season (December-March) conception is relatively rare.

The villages of the Vindhyan range of hills in the north (Saugor) of the
province are not hyperendemic, though their physiography may closely resem.
ble that of the Satpuras, The people of the Vindhyan hills are agricultural,
_ they clear their village sites, and have different social customs. Harmful
anophelines are few—whether this depends upon the site clearing or upon the
fact that the geology and flora of the two ranges are different has not yet been
explained.

Epidemic malaria.—Nothing of the nature of what occured in the Punjab
and United Provinces epidemic in 1908, has been found in the Central Provin-
ces, but there were recent minor epidemics in 1902, 1908, 1910, the last being
closely associated with rainfall. The epidemic in 1908 was confined to the
northern districts and was part of the severe outbreak experienced in other pro-
vinces, The results of our investigations tend to show that scarcity and high
subsoil water are not essential to epidemic outbreaks, nor are the latter dependent
on malarial endemicity. The child mortality and subsequent fall in the birth
rate are particularly noticeable. The maps, statistics, details of anophelines,
etc., areall given in the two reports published. : '

Black water fever—A case of death from this condition occurred in the,
Balaghat district on the 26th January 1912, The patient was a European
aged 34 years who had suffered previously from malaria. The Civil Surgeon
informs me that he had all the typical symptoms of the condition whuih cleared
up on the 3rd day but a relapse occurred, rigor, temperature of 103°4°F,, dark
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“upigE; ete., with fatal resalt after an iliness of -six days. Quipine- was not: used.
Another death of a European occurred in the Drug district in a case where malignant
tertian infection was previously known to exist.” The symptoms were typical of
Black water fever, except that the urine was not characteristic. The illngss lasted
ftom ‘the 8th to the 16th ‘Aptil with profound jaundiee, albuminuria and pyrexia.
Bile was passed in the stools up to the end, and the blood examination was
‘megative as tb malaria or evidenee of suppurative conditions. Quinine was given
jntrampdcularly, and the temperature was normal next morning (15th) but rese
avain followed t;y'h,i'cco‘qgh,’ coma and death. The Civil Surgeon thinks the
guse was one of malignaht' malaria ith sporulation in the internal organs. It
wouldl be initetesting tb know if casesof this kind have ‘been met with elsewhere.
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A NEW CONCEPTION REGARDING MALARIA.

By D». C. A. Bentley, M.B., D.P.H., Special Deputy Sanitary Commissioner,
Bengal.

The suggestions that have been made from time to time that our knowledge
of malaria is now so complete that it can be reduced to mathematical formulae
and its problems solved by algebraic equations, point to the danger of research
becoming stereotyped.

Already if we may judge by many recent text books and reports, the current
idea regarding the investigation of malaria appears to be that it consists essenti-
ally in a routine of blood "examination, spieen counting, the capture, indentifica-
tion and dissection of anopheles, and the mapping out of the breeding places
of these mosquitoes

But although the brilliant discoveries of Laveran and Ross have extenaed
our knowledge of the parasitology of malaria so far that there appears to be
little room for advance in that direction, we are still ignorant of many of the
factors responsible for the occurrence of malarial disease, more especially when
it appears in epidemic form among populations like those to be met with in
India ; and there are reasons for believing that until our conception of infectious
diseases in general and malaria in particular undergoes a radical change, these
gaps in our knowledge may not only remain wunfilled but actually pass

unrecognized,

But before proceeding to outline a new and possibly somewhat startling
conception regarding disease, based upon the facts that have been ascertained
regarding parasitology in general, and largely those especially relating to malaria,
it is necessary to point to certain current fallacies regarding the latter condition
which appear to have long escaped recognition, perhaps because of their
very magnitude.

In the first place attention must be called to the fact that ever since
Laveran’s discovery of the malaria parasite, medical men have failed to disting-
uish between malarial infection and malarial disease. This want of discrimina-
tion has given rise to much confusion in the past and in recent years has led to
some heated disputes between those who asserted that there must always be a
direct relation between the amount of malaria among a population and the
number of anopheles capable of carrying infection, and those who pointed to
observations in which it was impossible to trace such a direct connexion.

There is a wide divergence to be observed between the phenomena of infec-
tion and disease, and as regards malana not only do we possess no evidence to
show that morbidity and mortality bears a fixed relation to the occurrence of
infection, but many observations in all parts of the world support the view that,
under some conditions at least, the amount of malarial disease present in 2
community may vary inversely with the amount of infection present.

Years ago Kock, Stephens and Christophers, and others showed that among
children of races indigenous to Africa and New Guinea, the occurrence of almost
universal infection with malaria parasites, was associated with little or no
evidence of disease ; and more recently workers in India have pointed out that
the infection index of a population may remain almost stationary although at one
time disease might be prevalent and another time almost absent.

Unfortunately the significance of these observations has been largely over-
looked and the word ‘“malaria” is almost invariably applied to describe both the
condition of infection and the state of disease which may be associated with it;
moreover “‘malarial infection” and “ malarial disease’ are constantly used as
though they were synonymous terms. But the distinction is of more than
academical “importance. A hundred malaria infections in Negro children in
West Africa represent a very different condition as regards sickness to that of
a hundred infections in Europeans resident on that coast; and the morbidity
agsociated with a 25% infection-rate among troops in barracks may be very
different to that observable amongst them when engaged on arduous field

service.

1385C
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Again in the case of two communities A and B possessing respective infec-

tion rates of 10% and 100%, it is’highly probable that A may show a larger

roportion: of cases of malarial disease than B. Or if we represent the monthly

Infection rate of a community by a hypothetical curve and thé morbidity rate by

another, there is no certainty that the two will show any marked relation, except

when we are dealing with non-immunes, in which case the curves of infection
and disease will tend to be the same. )

A consideration of these facts shows that although it may be possible to
demonstrate a definite relation between the “‘static malaria” of a community and
the number of anopheles capable of carrying malaria, it is not at present possible
to show a similar relation between the number of anopheles and the amount of
disease ; and points to the necessity of clearly distinguishing between “Infection”
and “disease” whenever the investigation of malaria is undertaken.

The common practice of using as the basis for conclusions regarding
malaria data obtained almost entirely from the study of the condition in non-
immunes is also likely to giverise to erroneous ideas, especially regarding the
problems to be faced in connexion with the disease among partially tolerant
races.

At “present the bulk of the facts recorded about malaria in current text-
books and medical journals, relate to observations of infection (usually in cases of
disease) among white immigrants to the tropics or those who have returned to
Europe after residence in a malarious country.

But until it has been shown that the reactions between the parasite and its
host in the case of non-immunes, are similar at least in kind if not in degree to
those occurring in the case of partially tolerant races, living usually under very
dissimilar conditions, the conclusions referred to cannot be accepted as final.

It is certain in view of what is known about the wide divergence in behaviour
exhibited by such infections as measles in South Sea Islanders and Londoners’
respectively, trypanosomes infection 'in imported and among indigenous cattle
and horses in South Africa, and phylloxera among European and American vines,
this distinction between malarial intection in non-immunes and that in partially
tolerant races becomes an important one. To emphasize this point an illustra-
tion may be drawn from physical science.

It is well known that we can ignite magnesium wire with a match and cause
it to burn like a candle. We cannot do the same with iron wire. And when
we see iron wire burning with as great an ease as magnesium wire, we may b€’
quite certain that it has been exposed to something more than the mere appli-
cation of a match, Among the members of a race non-immune to or non-tolerant
of malaria, the mere introduction of infection is sufficient -to provoke disease,
and the magnitude of an epidemic will be largely if not entirely governed by the
factors which influence infection. But the occurrence of epidemics of malarial
disease among the usually tolerant, or partially tolerant races, indigenous to
malarious countries, signifies something beyond the mere presence of infection
.and anopheles ; and it 1s just that ** something " which requires to be investigated
by malariologists in India.

_ Thereis yet a further point upon which current opinion regarding malaria
does not appear to be in accord with-fact. It is commonly assumed that the
occurrence of malarial infection is an abnormal condition. But although malaria
in a Londoner may be abnormal, the presence of the parasite in the blood of
children in the West Coast of Africa is as normal a condition as flea infestation
is to a dog. )

In order that the significance of this fact may be properly grasped it is
necessary to take a brief glance at parasitism in general, ' Itis now recognized
that parasitism and parasitic infestations are natural conditions both of the animal
and vegetable world. Every species of animal harbours not one but many
species of parasites ; and man’in common with other animals supports an exten-
sive parasitic fauna and flora,

~ And though at one tin@ne it was. supposed that parasitic infestations were
alfost invariably pathogenic, it is now recognized that organistis frequetitly
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associated with the occurrence of disease, such as the bacillus of typhoid, diph-
theria, the pneumo-coccus, meningo-coccas and staphyllo-coccus , may be’
harboured for long periods without producing unpleasant symptoms in their host.

~_Moreover in the case of primitive populations of tropical countries such as
India, a large proportion of the people are found to harbour astonishing numbers
of.such ecto-and endo-parasites as fleas, lice, bed-bugs, parasitic fungi, round.
worm, whip worm, thread worm and ankylostoma and a host of others, whose
presence they tolerate with but little inconvenience.

Thus it has come about that the narrow view which looked upon parasites
in feneral as malignant organisms always seeking to cause destruction, disease
and death, has given place to the more philosophical conception, which regards
them as lowly organisms, fitted by nature for a life in association with those of -
higher development ; and infectious disease not so much as the result of more
parasitic infestation but as an accident in the course of which the natural adjust-
ment of a host to its parasites is upset.

As far as we know parasites do not give rise to disease of intent, and when
a disease condition occurs, it is often as fatal to the parasite as to its host.

Parasites are as amenable to the ordinary laws of existence as other orga-
nisms. They are only found where conditions are suitable for them and they
increase or decrease just as other animals or plants do, in proportion as their
environment is favourable or unfavourable to them.

As regards the parasites of malaria, observations in all parts of the world
have shown that they are to be found in the blood of man wherever conditions
are favourable to their continued existence and spread, just as drepanidia occur
in'the’ blood of frogs, trypanosoma in the blood of rats and halteridia in the blood
of birds.” : ;

And as it usually happens that the more primitive races of mankind live in
countries and under such conditions as are specially suited to the existence of
the malaria parasite, it has come about that a very close association is to be
observed between primitive man and malaria; and usually the more primitive a-
race is, the larger the proportion which is infested with malaria parasites, and the
mére completé the tolerance which they exhibit to its presence. .

From these observations it would appear reasonable to assume that infesta-
tion by the parasitcs of malaria is a natural condition of the li.fe which a large
proportion of the populations indigenous” to malarious countries is accustomed
to lead under circumstances which favour the continued existence of the orga-
nism ; and that it is only to be looked upon as abnormal when it occurs apart

from these conditions.

In these introductory paragraphs it has been pointed out that a distinction
must be drawn between malarial disease and malarial infection; that environment
may exert an’ extraordinary modifying influence upon parasitic infestations,
intluding that of malaria ; and that in common with many other parasitic orga-
nisms the malaria parasite frequently occurs as a perfectly natural associate of
mar.

It is now possible to outline a hypothesis concerning infective disease in
eneral and malaria in particular which may prove suggestive in stimulating
uture research both as regards the origin of disease and the methods to be

adopted for its pfevention or control.

Attention has already been drawn to the fact that parasitism and parasitic
infestation are universal rules of the animal world; and that among mankind,
the more primitive the habit and mode of life of a race, the more certain it is to
be infested with a multitude of parasites of all kinds. But like other animals,
man becomes adjusted to his natural parasites and under ordinary circumstances
suffers little or no inconvenience from their presence.

Lankester in his “Kingdom of man ” states :—
*“Natural selection and the survival of the fittest in the struggle of existence

lead to the production of a degree of efficiency and harmonious interaction of the
units of the living world, which being based on the inexorable destruction of
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what is inadequate and inharmonious as soon as it appears, result in a smooth
and orderly working of the great machine, and the continuance by heredity of
efficiency and a high degree of individual perfection.

Parasites, whether microscopic or of larger size, are not in such circum-
stances the cause of widespread disease or suffering. The weakly members of
a species may be destroyed by parasites..................but the general community
of the species, thus weeded, is benefited by the operation. In the natural world,
the inhabitants of areas bounded by sea, mountain and river become adjusted to
one another ; and a balance is established. ”

In another passage he remarks :——

“ Not only does the human race within given areas become adjusted to a
variety of local parasites, but it acquires a tolerance of dangerous
drugs such as alcohol and opium, extracted by man’s ingenuity
from materials upon which he operates,” '

All animals therefore including man obey the rule that they must become
adjusted to their environment ; and if parasites form a part of that environment
they must be included in the scheme of adjustment.

If we study ankind in relation to the world of parasites we may note that
at one end of the scale is primitive man, tolerating a large assortment of parasites
with impunity, and at the other end of the scale is the most highly civilized man,
already comparatively free of parasites, and so highly intolerant of them that he
suffers serious disease when brought into immediate relation with them.

Just above the savage in the scale are the races which having achieved a
few steps towards civilization are content to pass from century to centuryin a
condition of stagnation. They too like the savage support an extensive parasitic
fauna and flora and like him enjoy a comparative immunity under ordinary condi-
tions from unpleasant symptoms, owing to their more or less complete tolerance
of their parasites. Until comparative recent times the bulk of the population of
India may be said to have been in this condition. : '

It has already been pointed out that highly civilized man has largely freed
himselt from parasites; and it would appear that civilization is largely incompat-
ible with a condition of continued parasitic infestation. This comparative freedom
from parasites enjoyed by civilized man has been brought about by ‘the same
process of evolution which has stimulated his advance in other directions. The
gradual intensification of the struggle for existence between the individual
members of a race or species produces a rapid development and at the same time
results in the elimination of the most inefficient. The presence of parasites is a
handicap, and a cause of inefficiency; they consume energy which might other-
wise be usefully expended in work and they lessen the powers of adaption of the
host to his environment ; and other things being equal a parasite free individual
or race will always triumph gver a parasite ridden one. Regarded purely as a
machine turning fuel into energy the civilized man compares favourably with his
primitive brother ; and the result is that the work he can accomplish is incompar-
ably greater. This isin part due to the fact that as hehas advanced along the
Patg of civilization he has discarded his parasites along with other useless
burdens.

In that remarkable book “ The martyrdom of man” Winwood Reade has
endeavoured to trace the origin of civilization. In one passage he remarks :~

“ A people can never rise from low estate as long as they are engrossed
in the struggle for daily bread. On the other hand, leisure alone
is not sufficient to effect the self promotion of man.”
¥ P

He goes on to point out that civilization first arose in countries where periods
of plenty were broken at recurring intervals by periods of famine. Referring to -
the ancient Egyptians he stares :—

“The Egyptians were islanders cut off from the rest of the world by sand
and sea. They were rooted in their wvalley; they lived entirely
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upon its fruits and happily ,those fruits sometimes failed. Had
they always been able to obtain enough to eat, they would have
remained always in the same savage state,”

In another passage speaking of the early civilizations of Egypt, Baby-
lonia and India Proper, or the Punjab, he remarks :=—

“ Each in a similar manner had been fostered and tortured by nature into-
progress.” '

The theory thus expressed that civilization owes its origin to a succession
of shocks producing profound though more or less temporary changes in the envi-
ronment of a race, is supported by the fact that it is possible to trace such a
sequence of events, recurring periods of plenty and searcity, prosperity and
adversity, in the early history of every civilized people.

But periods of scarcity or famine suddenly following upon periods of com-
parative prosperity are recognized as being most potent factors in the production
of widespread epidemics of diseass, whether among men or animals; so that we
should expect to see these two phenomena, famine and pestilence, marking the
advance of any race towards civilization, especially in the early stages of the
process. And if we refer to the history of Great Britain we shall find that during
many centuries, indeed, as long as the population of that country was dependant
upon a home grown food supply, the advance of that nation towards civilization
was marked by the recurring phenomena of serious famine and apalling epidemics
of disease. At onetime in its history England was notorjous all over Europe be-
cause of the frequency and severity of its famines, and during hundreds of years
malaria, plague, sweating sickness, relapsing fever, typhus and smallpox recurred
again and again and decimated the people.  Livery advance in civilization also
appears to have actually furthered such outbreaks. When the country first
became a maritime power infection was introduced from Europe; improved
internal communication brought about the rapid spread of epidemics from place
to place; the development of industries led to the rapid growth of industrial
towns where thousands of people were huddled together under the worst condi-
tions, and so provoked alarming outbreaks of typhus and relapsing fever. The
very introduction of machinery indirectly brought about disease by the condition
of starvation and misery produced among the thousands of families deprived of
their only means of support.

But just as famines appear to have played a part in promoting civilization, so
has the occurrence of epidemic disease always eventually resulted in a cor-
responding improvement in the race and the conditions under which it lives,
The life of primitive man like that of other animals is usually exposed only
to such disturbing influences as exceptional seasons, unusual cold, wet or drought
which by reducing his food supply or otherwise lessening his normal power of
adjustment to the parasites by which he is infested, lead to the rapid elimination
of the less resistant members of the race by death. But in proportion as a race
has advanced along the path of civilization, its environment has undergone pro-
found changes. At every step the life of the people has been altered; and the
race has thus been exposed to a series of extra-ordinary shocks, by which the
normal balance of existence has been continually upset. At each recurring shock
individuals who are unable to adjust themselves to the new conditions, pay the
penalty of inefficiency ; the strain imposed upon them prevents them from holding
their parasites in check ; and these, increasing in number, bring about a condi-
tion of disease which in a large proportion of cases ends in the death of both
host and parasite.  Thus by a slow process-of evolation, recurring periods of
health and disease, a race is gradually purged of its parasite-carriers and with
them of its parasites. Itis by some such process as this that civilized man has.
largely rid himself of the parasites which used to infest his more primitive fore-
fathers. It must be expected therefore that as a primitive race advances towards
civilization manifestations of epidemic disease should occur from time to time
with a frequency and intensity proportionate to the rapidity of its progress; and
these recurring phenomena will continue until a condition of comparative
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freedom from parasites has been attained. Such appears to have been the
course of events in Great Britain, and the result has been that malaria and many
other parasitic conditions, at one time of common occurrence there, have now
completely disappeared.’ o

It must not be forgotten however” that side by side with this process of
elimination of parasite carriers and parasites owing to the greater stress imposed
upon mankind. by civilized life, another influence has been at work, assisting to
bring abouta condition of freedom from parasites. The epidemics of disease
brought about among parasite laden races by the shocks of advancing civilization
have had the effect of stimulating mankind to direct attacks upon disease with
a view to its control. And it is natural that this should be the case. So long
as man's parasites cause him little or no inconvenience, he tolerates their pre-
sence; but when they disturb his comfort or threaten his existence he is often
aroused to attempt to rid himself of them.

But there is little reason to suppose that the conscious struggle of man
against disease, which has only become effective in quite recent years, has played
.a very important part in freeing countries like Great Britain from parasitic
infestations such as plague, leprosy, typhus fever, relapsing fever and ‘malaria,
which were at one time prevalent there. * And except in the case of malaria and
small-pox it is difficult even to guess at the special causes for the disappearance
of these conditions. But although there is no direct evidence to show that
malaria disappeared as the result of measures specially directed against it, it is
possible to point to certain factors which have exerted a marked influence
in bringing about its disappearance. And foremost among these influences
has been 1mprovements in agriculture.

Among the more primitive races of mankind who seek their living fron
the soil, the simplest forms of agriculture are practised. Each family tills a
small plot of land no larger than will suffice for its few needs, in a manner
requiring as little effort as possible. Land which is most easily cultivated is
selected, the simplest implements are used, no manuring, no drainage and only
the easiest forms of irrigation are adopted ; and as soon as the soil in one place
is exhausted another site 1s chosen. = So long as the pressure of population. is
not very great these simple methods suffice to supply the wants of the peoplein
ordinary seasons and there is no incentive to improvement in the system of
agriculture, But with advancing civilization man’s wants expand, and to
supply them he tills a larger area than that required Jmerely to provide him
with food and clothing; and by a system of barter exchanges his surplus
crops for other products. Gradually as communication with outside markets
improves, the demand for all kinds of raw material increases and under the
further stimulus of a system of monetary exchange, which soon replaces the
primitive methods of barter, agriculture tends to undergo a rapid process of
evolution. As manufacture develops, the demand for all sorts of raw material
expands, and land at one time used for food crops is turned to other purposes.
Partly as a result of this, and partly owing to the fact that large numbers of
eople who once produced their own supply of food are now engaged in other
industries, the price of food stuffs rises, and in sympathy with this rise, the
value of all agricultural produce increases. This brings about increased demand
for land which in turn produces a rise in land values and a corresponding increase
in rents. As land increases in value owing to the greater demand, areas which in
earlier days were left uncultivated are gradually brought under the plough, waste
land and jungle are cleared, swamps and lowlying land are drained. The culti-
vator also taught by experience that continued cropping of the soil produces
exhaustion, learns to make usc of manure, to adopt rotation of crops, selection
of seed and advanced systems of irrigation and agricultural drainage. In other
‘words he no longer looks upon the land as a mine to be worked till exhausted
and then abandoned, but as a machine for turning labour into wealth,

By the time he has reached this advanced state of development he can
obtain from the poorest land as much or more return than was originally yielded
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%y the best and the face of the country has undergone a complete change from
a waste of forest, undergrowth, and swamp, broken here acd there by small
patches of cultivation, to a wide expanse of cultivated fields, open pasture and
regulated plantations of useful timber and orchard trees. But it is not only
the surface of the land which undergoes a change. As soon as the value of
agricultural products rises above a certain level, capital is attracted to the
land and the large farmer enters into competition with the petty cultivator. ~And
with the rise in rents, the necessity for using manure, machinery and other adjuncts
of intensive cultivation the competition becomes so severe that the small
holder is gradually ousted, because he possesses neither the capital, the
knowledge nor the ability to exact a full return from the soil. With the elimina
‘tion of the small cultivator and the introduction of efficient machinery the numbe
of people permanently engaged in actual cultivation of the soil is greatly
reduced, the rural population diminishes and that of the towns increases.

The status of those concerned in agriculture also changes. Instead of 2
multitude of small cultivators working their own holdings mostly unaided, we
have a smaller number of large farmers employing labourers ; and though the
lot of the farm labourer under these conditions is by no means enviable it is
infinitely superior to that of the landless man, among a community of small
cultivators; moreover the presence of the large farmer with his superior education
_.and higher standard of living has an cffective influence inthe civilization of the
rural areas. Under the improved system of agriculture an increased amount of
wealth is returned from the soil ; and this is shared although unegually by all
those engaged in husbandry. The result of this increased prosperity is shown
by the improvement in the material condition of the whole rural population.
People are better fed, better housed, better clothed ; they indulge more frequently
in an increasing number of simple luxuries ; their children go to school; and
‘their sick receive skilled attention. -

Such changes as have been thus briefly described signify a tremendous
modification in the environment of a race. And ‘whenever they occur man’s
relation to malaria undergoes a complete alteration ; for the conditions under
which he lives are no longer favourable to the existence and spread of the
parasite. It has often been stated that malaria has been eradicated from a
counyry by drainage alone or by drainage combined with the clearing of jungle.
but it appears more likely that a developmient, more or less rapid, of the whole
system of agriculture in a locality, involving not only drainage and clearing of
jungle but a number of other changes in the environment of the population con-
cerned, has been responsible for the reduction or disappearance of malaria from
the country.

Many years ago, while England was still producing its own food supply the
high prices obtained for wheat stimulated the exportation of this grain to cone
tinental ports. This export trade was still further encouraged by the offer of
. 2 Government bounty on every shipment. It is possible that this circumstance
was partially responsible for the reclaiming and cultivation of vast areas in the
few districts. These districts at one time potorious on account of malaria sub-
sequently became famous for their wheat production and still produce a large
amount of grain. Huge areas of low-lying land in that part of England, much
of it situated below sea level, have been reclaimed by a system similar to that
adopted in Holland. The rivers flowing through that part, which at one time
overflowed the country after every heavy fall of rain, have been retained within
embankments ; sluices are used to regulate flood and tidal water ; and to drain
the land a net work of low level drains or dykes, together with high level drains
upon embankments is employed. Windmills were originally used to work the
pumps required for raising the water from the low to the high level drains ; but-
these have now been replaced by steam plant ; and the same plant which in wet
weather removes the excess of water from the fields isused in time of drought
for irrigating the land from the rivers and high level water channels.

But although the system of reclaiming and draining a country in this way,
‘has had an immense influence in bringing about a reduction in malaria, it would
‘be a mistake to infer that the same results would follow the adoption of schemes
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of drainage aimed at the mere reduction of malaria, rather than the development
of agriculture. Attention must also be called to another important point in this
connection. The freeing of the fen districts of England and the greater part of
Holland from malaria has been achieved not by the expenditure of vast sums on
sanitation by the State, but by the enterprize of private persons. And the farmers
2nd landholders who have been instrumental in effecting this improvement have
been stimulated to carry out this work not with a view to improve the health of
the country, but because they wished to increase or secure their own profit.

Turning to India it may be observed that the vast mass of the population
is still in a very primitive condition, The coolie, the cultivator, the petty trader
and craftsmen still live a simple life, with few and easily satisfied wants, They
are still mostly without education ; and the only ambition they possess is the
wish to live as their forefathers have done for centuries. In common with other
primitive peoples the masses of the population support an extra-ordinary variety
of parasites ; and under ordinary conditions and so long as they have sufficient
food, water, clothing and shelter, in other words, so long as their environment
‘remains unchanged, and their adjustment to it in balance—disease occurs only as
a very minor phenomenon amongst them. But wichin the past fifty years a
series of extraordinary changes have been going on all over the courtry, and the
environment of many millions of the people has undergone enormous modifica.
tion. The construction of many thousand miles of railway, the covering of the -
country with a net-work of roads, and the organisation of fast steamer
services around the coast and on the inland waterways have simplified means
of communication, and given rise to an active export and import trade.
Millions of cultivators in Bombay, Bengal and the Punjab whose fathers
were engaged merely in the production of ‘the few necessaries required for
their own families, are now busy supplying not only the markets of Bombay and
Calcutta, but those of the world, with cotton, jute and wheat. Side by side
with these larger changes a host of smaller ones has been brought about, affect-
ing every district. Old village industries have dwindled ; the small weaver, the
oil maker, the lime burner and a host of other petty crafts are fast disappearing ;
‘trade is now everywhere conducted through the medium of currency instead of
barter ; wages are everywhere paid in coin instead of in kind. There is not a
single advance towards civilization that has not brought about a huge modifica-
‘tion of the environment of the people; The development of the Tea Industry
in Assam, the coal mines of Bengal, the Jute mills of Calcutta and the cotton
mills of Bombay has entirely altered the life of millions. Even the introduc-
tion of a postal and telegraph system, the laying of cables to Europe, and the
construction of the Suez canal, have exerted a profound influence upon the
people, for the cultivator in Bombay, Bengal and the Punjab has thus been
brought into direct relation with the markets of the world, and fluctuations in
the price of cotton, jute or wheat on the exchanges of Europe may bring him

either prosperity or adversity.

Partly as a direct result of all these changes and partly from other causes
but mainly because Indiais now linked up with the world, there has been a
steady and continuous rise in the cost of living ; and the increased price of food
together with a gradual improvement in the standard of comfort is rapidly
effecting a great Intensification in the struggle for existence among all-classes.

of the community.

Thus in the brief space of fifty years a change so vast as to be almost incon-
ceivable has been effected in the environment of a primitive, parasite-laden race.
And as a direct result of the successive shocks by which this change has been
brought about, the balance of life of myriads hes been again and again upset ;.
the delicate adjustment by which their parasitic infestations were kept in cons
trol been broken down, and appalling epidemics of disease been brought about
amongst them at frequent intervals, And the poorest, the most ignorant, the-
most parasite laden and least adjustable classes of the community suffer most .
severely at the time of these epidemics, demonstrating by this fact - their in-
ability to meet the strain of life under the changing conditions of advancing.

civilization.
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Briefly summarized the conception which has been outliried in the forego-
ing pages may be stated thus :—

Parasitism and parasitic infestation are universal conditions of life ; and
man in common with all other animalsis the natural host of many species of
parasites,~ But civilized men when contrasted with primitive man is com-
paratively free of parasitic infestations, the conditions of his life being less
favourable to the existence of parasitic organisms. Under natural conditions
all organisms become adjusted to their environment, including their parasitic
associates, and disease as generally understood either does not occur amongst
them at all or only appeats as a very minor phenomenon,

But sudden changes of environment such as that occasioned by unusual
seasons may upset the balance of life and give rise to serious manifestations
of disease, in the course of which the less resistant members of a race or
species perish.

In common with many other parasites the malarial organism is to be found
associated with man wherever the conditions of his life lend themselves to its
existence ; and as primitive races generally live under conditions favourable to
malaria they are frequently found to be infested with the organism.

|
Primitive man like other animals is normally in a state of adjustment to his
environment, which includes numerous parasitic infestations, to which under
ordinary circumstances he is tolerant, But any change in his environment at
once modifies his relationship to these parasites ; and in proportion as it is sudden
and severe may lead to a manifestation of disease.

~ Primitive man s usually only exposed to such temporary changes in his
environment as those occasioned by exceptional seasons. But the advance
of a race towards civilization is marked by recurring changes in its environment,
often extraordinarily serious in their character.

In the process of civilization individual members of a race who fail to adjust
themselves to the changing conditions of lx't:e, succumb to the strain, and fall
victims to the attacks of the parasite to which they have previously been tolerant,

Epidemic disease is a natural accompaniment of the early stages of advanc-
ing civilization; and 1t 1s a beneficient process ; because in no other way can a
parasite laden race so speedily rid itself of its parasite carriers and parasites.

The phenomenon of epidemic disease is thus always the result of a change
in environment, When it occurs among primitive races it is usually due to (A)
exceptional seasons, or (B) changes of advancing civilization. Under both these
conditions, previously tolerated parasites give rise to disease. But the change
of environment producing disease among a population may itself be the presence
of an unfamiliar parasite. The changes of environment producing epidemic
disease among highly civilized races appear to be usually of this character.

Viewed in the light of this conception the problem of disease takes on a

new aspect. Epidemics whether of malaria, plague, cholera and other infective

" disease to which such races as those occurring in India, China and Russia are

prone, appear no longer mere isolated, inexplicable catastrophies ; but as perfectly

natural phenomena, fundamentally related to each other, however profoundly
they may differ in their manifestations.

And the investigation of disease, or to use Metchnikoft's expressive term
« disharmonies "’ becomes essentially a study of man’s relationship to his environ=
ment, of which parasites form only a part. It follows that the investigation of
the causes of malarial disease among a population, necessitates a consideration
not only of the parasites of malaria and anopheline carriers which may represent
only one factor in the condition, but an enquiry into every detail of human

environment with a view to determining that special circumstance which has
occasioned the cutbreak.

And in this connexion attention may be drawn to the magnificent work
aceomplished many years ago in India by the officers who were deputed at various
times to invesitgate the great epidemics of “fever” in Jessore, Burdwan and
other places. Re-examined in the light of recent knowledge many of theic
teports may be found to contain a veritable mine of valuable observations, '
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Turning to the question of diseases comtrel, it may be stated at once, that
the measures suitable and necessary for the protection of ahighly civilized popu-
lation can rarely be successfully applied among primitivé races, And the attempt
to enforce them among parasite infested communities may be likened to rescuing
a man from the jaws of a tiger only to see him disappear within those of an
alligator. i

And herein we may see the explanation of such anomalous occurrences as
- .those to be traced in the history of Bombay City, where enormous reductions in
the mortality from cholera and small-pox respectively, following upon the improve-
ment in the water-supply and the introduction of compulsory vaccination, had no
appreciable effect in reducing the total mortality.

Ina country like India, therefore, the more highly specialized forms of -
sanitation, such as have been' devised in recent years against yellow fever and’
malaria, must be applied with discrimination. They should be adopted in large
cities with enlightened populations, among troops and jail communities, and in-
connexion with such industries as tea planting, mining etc., for undet such
conditions they are most likely to offer a return commensurate with the expendi«
ture incurred. They are also called for in rural towns, but more especially for
educative reasons. And in such places on no account should this educative
function be sacrificed to the often futile attempt to obtain immediately obvious
results, No doubt the State by the deputation of specially skilled officers and,
the grant of funds can carry out specific measures against malaria, much more,
efficiently than the municipal commissioners of a small town; but the effect of,
such work when done by Government is to undermine the independence of the,
towns-people, impair their sense of responsibility, and stifle effprt at self improve-
ment. And so, though at first municipalities will do the work very badly, they
must _bée stimulated and encouraged to undertake it independently of Govern-
ment aid.

Turning to the problem of malarial disease and infection in the -rural
districts, it will be apparent that except in rare instances the. application of
specific measures against the condition, can only have the effect of a palliative,
The whole question of rural malaria i India, whether occurring as a mere infec-
tion ora disease manifestation, is bound up with the problem of agriculture.

The attempt to reduce malaria by such measures as drainage or the clear-
ing of jungle unless accompanied by an extension and improvement in cultiva-
tion, is foredoomed to failure. And instead of dissipating large sums of money
in the vain hope of reducing the incidence of malaria in a few localities in rural
areas, attention should be concentrated upon improving the existing methods of
agriculture by every possible means. To this end not only should special
efforts be directed to educate the cultivating classes of the population, develop
their intelligence, foster their ambition and independence, and improve their
standards of comfort, but attempts should be made to induce capitalists to
undertake large scale agricultural operations wherever possible.

And in this connexion it may be pointed out that large scale drainage
operations carried out for the purpose of extending or assisting cultivation,
provided they can be made seli-supporting, appear to be among the soundest
of anti-malarial measures for rural areas.

The chief function of the State in regard to problems of sanitation should
be mainly that of educating the population. And although it may. initiate
reforms, the actual carrying out of the measures should be left as far as possible
in the hands of the people concerned, for without their intelligeut co-operation’
no. scheme of improved sanitation can be made effective,

In conclusion it may be pointed out that just as we can trace the origin of
many epidemics of disease among a primitive people, to the chatiges wrought upon
their environment by advancing civilization, so it is to civilization carried to a
greater length that we must look for the. remedy to these conditions. And
although we shall not in our day see the elimination of malaria from India, we may
rest assured that it will be accomplished in the future, as certainly and. as
gompletely as it has been brought about in England,
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SOME PROBLEMS PRESENTED BY MALARIA IN BENGAL.

By Chas. A. Bentley, M.B., D.P.H., D.T.M.L.H., Special Deputy
Sanitary Commissioner, Bengal.

In many parts of Bengal areas are to be met with in which a decrease of popu-
lation has been steadily taking place for a number of years past. A heavy mortality
from “ fever ”’ is invariably reported from these places, and the total of recorded
deaths usually exoceeds the births year after year. :

The affected areas are frequently on a slightly higher level than other portions
of the districts in which they ocour, and are comparatively dry and exempt from
flooding. They are often in closer relation to existing railways, and are betfer
sapplied with roads than other less affected portions of the country. Very frequently
they appear to be associated with the presence of dead or dying rivers and stagnating
dhesls.

The villages in the affected areas are invariably overgrown with more or less
dense jungle ; the tanks are weedgrown, broken and negleoted; and much of the
land in the neighbourhood has goue out of cultivation.

In the villages the houses are few in number and often widely scattered ; but
although the number of inhabitants is now greatly reduced, there is evidence of a
onetime numerous population ; for the jungle is full of mounds which mark the site
of long abandoned dwellings, and among them are to be seen the remains of huts
more recently deserted. Here and there also among the trees and undergrowth the
runs of brick buildings may be met with offen of considerable pretension, pointing
to a period of prosperity that has now passed away. An increase of malaria is
usually assigned as the cause of this melancholy phenomenon ; and examination of
villages in affected areas has invariably shown them to possess high spleen and
parasite indices, showing that a heavy incidence of malarial infection is certainly
agsociated with the condition. ;

The grave nature of the evil is forcibly illustrated in the followiné letter
recently received.

“ SIR,
I have the honour to say I am an inhabitant and also zamindar of a village
“pamed Madhabpur . . . . which is now on a verge of depopulation, owing

“to malaria. The village is lying on the river Kumar which is about to be sealed up.
‘ About twenty years ago we had more than a thousand people in our village, but now
“ we have only a hundred men. What a borrible thing it is ! ”’

The writer goes on to add that he has gone to Caleutta for treatment and
purposes going elsewhere for a ehange of air on account of his health. ‘

It is frequently suggested that a water-logging of the country has been respon-
gible for an increase of malaria, And this condition of supposed water-logging is
aseribed either to the silting up of the kka/s and rivers and the stagnation of the
- bheels, or to an interference with the surface drainage of the areas by the consiruction
of roads or railways. Another view frequently put forward is that the increasing
growth of jungle in and around the villages is the cause of the trouble. And a
third idea occasionally mentioned is that the extensive steeping of jute has led to a
fouling of the water, or favoured the inorease of anopheles mosquitoes and so
brought about an inerease of malaria.

BBut in spite of the fact that investigations into the condition have been made from
time to time, and suggestions even put forward for dealing with the supposed origin
of the trouble by huge drainage schemes, no satisfactory explanation of the pheno-
menon has as yet been forthcoming and these areas of dwindling population and
decaying prosperity still present the most serivus problem associated with Bengal
malaria.
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In a paper prepared for this conference entitled a New Conception Regarding
Malaria, attention has been drawn to the fact that the occurrence of epidemics f
infeotive diseases among a population is a phenomenon invariably resulting fren
some serious alteration in its environment, whereby couditions formerly favourable
to life have become unfavourable. And although the introduction of an unfamiliar
parasite among a race constitutes a. specific change of environment almost invariably
giving rise to disease, in communities already parasite-laden, a more general
modification of environment such as that brought about by exceptional seasons or the
advancing movement towards civilization has more frequently to be considered.

Epidemiology therefore involves a study of populations in relation to their
environment, of which their special parasites form only a part; and the proper
mvestigation of malarial disease necessitates an examination of all the factors influenc-

ing the life of the affected community besides those specially related to the actual
eondition of infection.

Therefore an enquiry into the phenomenon described in the opening paragraphs

of this paper, must as far as possible take cognisance of every fact relating to the life
-of the population of the affected areas. ‘

Bengal and the Ganges.—The Ganges is the mother of Bengal. Nearly the
whole of the country has been deposited from the waters of this mighty silt-laden
stream. And the process which originally gave birth to Bengal is still continuing
at the present time. Age after age has watched the delta of the Ganges slowly
extending, pushing info the sea further and further to the south and east, and
gradually encroaching in this way upon the Bay of Bengal. Thus it has come about

that the portions of the delta which lie to the south-east are of much more recent
formation than those to the west.

And century after century as these new lands have been formed, the relation of
the Ganges to the older land which it has previously deposited and through which it
flows, has undergone a change. The water has gradually receded from the land, most
of which now rises well above the level of the river; and areas at one time subject
to the usual recurring inundations, whenever the river was in flood, have gradually

«ceased to experience therh ; their soil has become drier; and they are now dependent
entirely upon rainfall for their fertility.

And while this change has been taking place in the land forming the older and
more westerly portion of the delta, a eorresponding change has ocourred in connexion
with the many subsidiary river channels which exist there, and through which much
of the water from the main stream of the Ganges at one time passed to the sea.
8andbanks are gradually thrown up by the main river obstructing the openings through
which the subsidiary channels take their supply of water, the rapidity of their low
18 lessened, and silt is deposited at every bend in their course. As their channels
become shallower this silting up process becomes more marked and the width of the
stream is also reduced. Finally communication with the main stream of the Ganges
ceases, and the moribund channels degenerate iuto* jheels, or remaius as sluggish
weed-grown streams fed by the overflow of rainwater from some stagnating® dheel.

It is in the older portions of Bengal, that have passed through these successive
ohanges, and in which the phenomena:of dead and dying rivers is a common ocour-
rence, that the areas undergoing depopulation, referred to in the opening paragraphs
of this paper, are most frequently to be seen.

Sttuation of villages.—1t is a usual thing in Bengal for villages to be situated
upen the banks of rivers and khals, partly because in these situations the land is-
sometimes slightly higher than the surrounding tountry, and forms a more suitable
site for dwellings, but more especially because a supply of good fish is obtainable
there, means of communication are easy at all times of the year, and water is always
available for domestic and other purposes. The land in the neighbourhood of rivers
is also usually better than that at a distance because it is constantly heing enriched

by the deposit of silt, which occurs whenever the streams overflow their banks during
the rainy season.

tet’. This phenomenon of annually recurring inundations occurs in association with
a large proportion of active rivers in Bengal. And it is one of the prime causes of
changes in their eourse and the silting up of their channels. These changes are

* A jhesd in & collection of water in part of an old river chennel. A hesl is an ordinary marsh,
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-eohstantly taking place in the rivers of Bengal. But apart however from the natural
‘tendenay for such changes to ocour in silt-laden streams, the condition is frequently
‘brought about or hastened by the almost total negleet of river conservancy, and
streams that are most important means of communication and trade thus sooner or
later become irretrievably damaged. This habitual negleet of the waterways in
Bengal was commented upon by Buchanan more than 100 years ago.

| He states :—

. ¢“Omn the whole it must be evident, that changes in the course of the rivers
-+ gre attended with great loss and inconvenience. The new channel is 8o much land
-¢¢lost, and the old one leaves behind it a marsh orkind of lake, which for ages is
- pather injurious than of use. At the same time the vicinity of the new course is
# deluged with water from the smallness of the channel, and the banks of the old
- gourse are often deprived of fertility, and still more certainly of the means of
4¢ sonveying their produce to market, The towns must therefore disappear.

“ In a country so level and of so loose a soil, such sudden changes cannot
« perhaps be altogether prevented. All that I can propose for the purpose, is to
-« remove in the most usual cause of change, which is the trees that fall into rivers,
-4 gnd which collecting sand around them form banks, that obstruet the channel, and
‘ not only occasion great and sudden changes in the course of the rivers, but impede
« pavigation. On the moulding bank of every river may be observed trees growing
¢ olose to the precipice, gradually undermining, and then falling in and lying to rot;
-t for the proprietor will not allow them to be cut or removed, while growing; and
-« afterwards they are in general of no value except for fuel, and the expense of
¢ putting them for that purpose exceeds the means of the neighbouring poor. Some
¢ of the kinds are venerated by the Hindus who consider it as sinful to cut them.
% [ am persuaded therefore, that it would be a useful regulation to direct, that every
¢ landholder should remove trees which are growing within 20 feet of a moulding
4 bank, and when he neglected or avoided doing it, that a proper officer of police
“ should clear the bank, and charge the proprietor a reasonable price for the
-t Jabour.”

Another cause of this silting up of rivers is the obstruction of their channels by
bamboo screens and fish traps which in the smaller streams may often be seen placed
_at intervals of a few yards along the  whole length of either bank. These fish traps
.are usually especially numerous where the water is shallow, and already in process
of being silted up.

‘ Larger or smaller bheels or sheels are to be found throughout Bengal. Some of
‘these have been formed by the deserted beds of old river and others in areas of low-
lyiug land ; but nearly all are, or have at one time been; in direct or indirect
.communication with live rivers. In some cases these appear as enormously wide
~axpansions of the ordinary river channels when in flood during the rainy season.
In these cases they resemble lakes with rapid currents either in the ceutre or at one
gide or another. In other cases they do not communicate so directly with the river
but serve the purpose of overflow reservoirs into which flood water passes whenever
the level of the river reaches above a certain point. In either case they act the part
of silt traps and as a result always tend to undergo a natural shrinkage. Bheels in
connexion with dead rivers have reached the stage in which they no longer receive
surplus river water but merely collect rain water which drains into them during the
wet season.

Owing to the continual changes that have been going on in the river channels
of Bengal it follows that villages originally sitnated upon the banks of runuing
streams are now far removed from the active channels, and are to be found upon the
gides of dead and dying ones. Similarly villages originally situated upon active
bheels are now to be found associated with stagnant ones.

Population.—The population of a typical Bengal village may be classified in
‘many different ways: (1) according to religion into Hindus and Mussalmans; (2)
aceording to education into literate and illiterate ; (3) according to social and economic
condition into dkadra lok, and chhota lok and (4) in relation to the land, as land-
holders and landless. * The most important distinetions for the purpose of our enauiry
.appear to be (3) and (4).
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Literates are more common among the Hindus than the Mussalmans; and the
madjority of the bhadra Iok are educated, but only a few of the chhota lok are literate.
The prime distinction between diadra lok and chhota lok is that of education and
economic position:; and the pessession of comparative wealth usually carries with it
a corresponding position of social importance and influence in the community.
Zamindars, and the talukdars or jotedars immediately under them, professional men,
such as pleaders, doctors, schoolmasters and others, and wealthier traders, form the
bhadra lok of a village. But absentee landlordism has become a feature of life in
Bengal, especially in the more unhealthy areas, and zamindars usually reside in
Calcutta or the larger towns and not in the villages. ~Of the larger landholders under
the zanindars, many are Hindus. It is from among zamindars and this class that
professional men, pleaders, doctors and many ot those engaged in Government service
are drawn. = Talukdars and jotedars often hold from 25 to 100 or more acres of land
under the local zamindar, but they never engage in cultivation. The land beld by
them is sublet in small plots to smaller landholders called dorjotedars who again
sublet it, or to actual cultivators,

The chhota lok of a village include all those who till the soil, fishermen, petty
traders and craftsmen, menials, labourers and beggars. Fishermen sometimes culti-
vate land, and Mussalman jolakas and Hindu fantes also frequently emgage in agri-
culture in addition to following their original occupation of weaving. Other petty
craftsmen to be found in a village are, oil-makers, lime-burners, backsmiths, potters,
_ leather-workers, sweetmeat-makers, and those who prepare chera. In addition to
these classes there are always a larger or smaller number of landless labourers. These-
people have either never possessed land or have lost their original holdings. They
are employed as menials by the dhadra lok and also do field work for the cultivators.
who are in. a position to employ others beyond their own household. But the
condition of this landless class is extremely precarious as there is never the certaint
of their obtaining regular employment. The clasees dependent upon begging include
religious mendicants, both Hindus and Mussalmaus, and people who have been reduced
to destitution. The former class often consists of strong healthy adults, the latter of
old men and women, widows and children, and the deformed or otherwise afflicted
members of the landless classes,

Eeonome condition.~—~With the exception of the fishing population and those
families of whom some members are engaged in serviee, eto., in distant places, the
whole population of a typical village from the highest to the lowest is dependent.
directly or indirectly upon agriculture. The zdmindar is dependent upon the income
deriveg from his land ; the lalukdar, or jotedar class, live upon the difference between
the rent they pay to the zamindar and that received from their sub-tenants together
with commissions of various sort upon the sale and exchange of enltivation rights;
the dorjotedar obtains his living in a similar manner, but on a smaller seale; the-
cultivating classes who form the bulk of the population are dependent upon the return
they can get from their land; the shopkeopers, petty traders and eraftsmen of all
kinds upon the local demand for their goods or services; the landless classes for
employment on the land, and domestic service among the bhadra lvk ; and the destitute
upon local charity. Thus from an economic point of view the whole village may be
considered as a unit. Good seasons and plentiful harvests mean prosperity for all.
Excessive or unseasonably rain, heavy floods, severe storms, prolonged drought if at.
all general in their incidence result in a period of adversity which affects the well-
being of every individual in the community.

Jungle.—With hardly an exception villages in Bengal are surrounded with a
more or less luxuriant growth of trees, shrubs and undergrowth. It is only those of
very recent origin which are notmore or less completely hidden in this way. This
peculiar character of Bengal villages was remarked by Buchanan 100 years ago, and
he describesit as follows :— . :

¢ The great variety of lofty flower and fruit-bearing trees, and the luxuriant
 pamboos by which the eottages are shaded would render their situation delightful,
¢ gid not rank weeds and bushes, which shoot wup with increasing vigour in every
“ gorner that is not in constant cultivation, prevent all circulation of air, preserve a
¢ gonstant damp noisome vapour, and harbour a great variety of loathsome and perni-
¢ cious animals. 'Lhe poverty, shyness and indolence of the natives, especially the two-
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“ former, prevent them from removing those nuisances. They are fond of having their.
* houses buried in a thicket which screens their women from view. These thickets
‘ gerve them asa place of retreat in all their occasions, which adds very much to the
“ noisome smells that they produnce.”

He mentions in another place that—

‘“ By far the greater parts of the forests owe their origin to deserted towns and
‘““villages, The trees which grow round these have gradually increased and have
¢ given shelter to some others that are not usually found in such situations.”

Zanks.— Another common feature of Bengal villages is the existence of a multi-
plicity of tanks, a few perhaps in use, but almost all in a state of neglect. Buchanan
observed this condition also.

He remarks ;—

“ These tanks are also extremely useful by supplying the inhabitants with
“ water, not only for domestic purposes, but for the irrigation of the fields. The
“ persons therefore by whom they have been constructed are justly entitled to much
‘ praise, wherever they have had the utility of the tanks in view ; but ostentation and
“ the desire of fame, have increased the number and size of these works to a destrue-
‘“tive extent ; especially as no one is sufficiently interested in their repair, which is
“attended with no reputation. Almost every tank therefore is soon choked with
‘“ aquatic plants, and become a souree of noisome smell, bad water, and disease ; while
¢ there are infinitely more tanks than the inhabitants of the place can occupy, and
“ much land is for ever rendered useless. It were indeed very much to be wished,
“that . . . . the digging new tanks should be altogether prohibited, at least
‘none should be permitted without an jzvestigation into the necessity for its construc-
“tion, and without proper security being taken from the estate in which it is dug, for
¢ it being kept for ever in repair and free of noisome weeds . . . . However
¢ desirable it might be either to have the old ones oleaned or filled up, the means L
¢ ¢onfess are not obvious.”

Roads and Roilways—Ip Bengal generally areas above flood level are better
provided with roads than those below it. There are several reasons for this. Because
they are not well supplied with navigable streams, there is a necessity for the
existence of roads ; and because it is an easier and cheaper business also construeting
roads and maintaining them in a state of good repair in dry areas than in those
subject to flooding, there is a further inducement to their multiplication. Thus it
comes about that areas away from live rivers, no longer subjeet to recurring
inundations, possessing a large proportion of comparatively poor land * (dangi land)
are far better supplied with roads than lowerlying areas, subject to annual floods and
containing a larger proportion of fertile soil t (bila land).

And justas the contour of the land largely determines the presence of few
or many roads, it also influences the question of railway construction. To carry a
railway across miles of low country where there are many rivers constantly overflow-
ing their banks and changing their courses is-an exceedingly difficult and expensive
matter. And so in Bengal railways are usually to be found on land that 1son a
fairly high level. And as railways invariably require feeder roads, the presence of
a railway track passing through the higher-level portion of a district, already better
supplied with roads than places at a lower level, brings about a still further increase
in the number of roads there.

Railways have frequently been blamed for causing the silting up of rivers which
the line has to cross ; and it is usually suggested that the bridges are made too small
"and so lead tothe gradual choking of the channels. But in the majority of cases
there is little evidence to show that rivers have been damaged by bridging ; and the
existence in the same areas of channels which have been completely blocked for years
before the construction of railways, points to other and more natural causes having
originated the trouble.

But the construction of roads and railways in a distriet has a very great effect
in modifying the environment of the people in all manner of ways. The embank-
ments of roads and railways alter the physical condition of the country to some

* Dongi lang that which is above flood level,
+ Bula land is that which is snhjeot to inandation.
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.extent, and the burrow pits from which the earth for these embankments is obtained .
form series of hollows in which water collects during the wet season. There is also
some tendency for road and railway embankments, especially when first constructed,
to hold up collections of surface water, and many acres of land are sometimes sub-
merged as a result. .

Besides these changes there are others that are probably more important but are
often overlooked. The existence of roads and railways leads to the necessity for
carting, and thus a carrying industry, requiring carts, carters and draft cattle, springs
up in an area in which perhaps it was almost unknown previously. The presence of
a railway brings a district into communication with large centres of commerce, which
stimulates some branches of trade and ruins others. For instance weavers, oil-makers,
lime-burners and a host of other petty craftsmen who were supported by the local
demand for their productions, feel the competition of imported cloth, oil and lime, etc.,
and find their trade dwindling. On the other hand, cultivators and others benefit
by being able to secure a veady sale for their products in outside markets.

© Agrieulture.— Bengal is naturally one of the most fertile provinees of India and
probably because of this fact the system of general agriculture practised in many
parts of the country, especially those situated in the delta of the Ganges, 1s far more
primitive and wasteful than that to be met with in less favourably situated places.
The average cultivator takes as much as he can get out of the land, with the least
trouble possible to himself ; and he puts nothing back.

Just as the cultivator in the plains of Egypt and the delta of the Nile has been
accustomed to depend upon the annually recurring inundations for the enrichment of
the soil, so over vast areas in Bengal the ryots look to the flooding of their fields, by
the overflow of the many silt bearing rivers, for the production of rich erops of jute
and dhan. And when in process of time a river changes its course, or a channel
becomes silted up, and they no longer receive its supply of wealth produeing water,
the cultivator, too ignorant and too poor to make use of manure, is gradually reduced
to poverty and destitution by the rapid impoverishment of his land and the conse-
quent dwindling of his erops.

1t is a well known fact that the cultivation of rice appears to impoverish the land
upon which it is grown but slowly; and land so cropped continues to give but a
slightly diminished yield for long periods. But it is quite otherwise with crops such
as sugar-cane and jute, both of which appear to rapidly exhaust the land upon which
they are grown.

And in the last fifty yearsthe demand for jute has increased so enormously, and
the price has advanced so rapidly that the ryots all over Bengal have been tempted,
wherever possible, to eultivate this crop year after year to the exclusion of others;
and though in areas of more recent formation still receiving the overflow from rivers,
the result has been a rapid advance in the prosperity of the agriculturists; in parts
where the land is older and from which the river floods have permanently receded,
a rapid impoverishment of the soil has been brought about, involving entire commu-
nities in ruin. *

Economic changes.~1t is frequently assumed that, under existing cireumstances
when the price of agricultural produce such as jute and dkan is high, the condition
of the village communities of Bengal is one of very great prosperity. But although
in many areas the cultivator is now exceptionally well-off, this condition is not
by any means universal and in any case those who are not cultivators have suffered
considerable hardship by the great rige in the price of foodstuffs.

But some areas are very much more prosperous than others. Tracts possessing
fertile soil along the banks of silt-bearing streams, bkeel areas which are still in
regeipt of silt-bearing water, and ciur lands which are constantly being thrown up
anew by the big rivers, are usually extremely fertile and produce year after year
enormous crops of jute and paddy. And in these areas the condition of the people
generally is one of considerable prosperity.

But in places which are now well above flood level, those that are situated close
to dead or dying rivers and bheels which have become stagnant or are rapidly stagna-
ting, & very different condition of things prevails; for much of the land in these
situations has become 80 impoverished, in the absence of fertilizing inundations, by
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years of primitive eultivation without manure, that it produces only a fractional part
of the outturn at one time obtainable from it ; and the income per bigha derived by
the cultivator may be only a half, a quarter or an eighth of that received by the.
agriculturist in new and more fertile areas.

Good bila land in the most fertile tracts of Bengal will produce as much as 30
to 40 waunds of paddy and 6 to L0 maunds of jute per digha. But from exhausted
dangi soil, from 5 to 10 maunds of paddy and from $ to 11 maund of jute is probably
the average return.

Another factor which tends to undermine the prosperity of the villagers in many
districts, but whose effects are most apparent in the less fertile areas, is the constant
sub-division of individual holdings which has gone on in some cases generation after
geaeration. Thus originally a caltivator might be possessed of land sufficient to
supply all the wants of his family and maintain them in a condition of comfort. But
should he have several sons, it may happen that eventually three or four families
have to be supported on the income which originally kept one in comfort; and if
capital to pay the necessary shalumi on a further acreage is not forthcoming or
supposing no more land is obtainable, the several families sink gradually to a condi-
tion of poverty. And when in a village community in addition to this repeated sub-
-division of holdings, the soil itself becomes progressively impoverished, an appalling
condition of general poverty is the result, nearly the whole population being reduced
to a state little above that of destitution.

But usually before this condition has been reached, the individual holdings of
land have changed hands many times. And default in payment of rent on the part
-of some sub-tenants, the abandonment of holdings by others, and the general increased
cost of living have reduced the small landholding gentry, jotedars and dorjotedars, to
a condition of penury. When this ocours their numerous dependants, household
servants, brahmins, purokits and mendicants suffer with them. Moreover as their
capital has been invested in the land, they are tied to the locality. Year by year
more and more land goes out of cultivation because original ryots are either dead
or have migrated, and those left in the village have not the necessary capital to take
1t up; and no outsiders are willing o come forward to cultivate soil which offers
them little or no return for their lahour. '

By this time other changes, originated or stimulated by the gradual impoverish-
ment of the locality, tend to still further intensify the -prevailing distress. As soon
as the prosperity of a village begins to decline, the more wealthy and provident
among the cultivators, who are also the most shrewd and enterprising, migrate to
-other places, and their example is followed by the mbre prosperous and independent
among the craftsmen and petty traders, The position of the landless labourers now
‘becomes pitiable in the extreme, for they can no longer eount upon regular employ-
ment in the fields.

After a time the increasing poverty of the village population begins to be
reflected in the health of the community and as a result the small gentry who are in
a position to do so, also leave and remove their families. The population of a
large village may therefore eventually become reduced toa small community composed
of the most ignorant, most indebted, most weakly and poverty-stricken amongst the
original inhabitants ; who continue to drag out a miserable existence incapable
of helping themselves and practically incapable of being relieved except by measures
which would result in their wholesale pauperization.

Land tenure,—In Bengal as is well known the bulk of the land is held by
zamindars who pay a fixed revenue to Government. 3Some zamindars dispose of
pattaks direct to the cultivators, and collect the rent by the agency of nasbs. But in
many places a class of middle landholder has arisen, the jofedar or lalukdar. These
men obtain larger or smaller areas of land from the zamindar for the purpose of
sub-letting it. Another class of landholder is also to be met with in ecertain areas,
who obtains land for the purpose of sub-letting from the jofedar. These men are
called dorjotedars. The agreements under which land is held vary considerably.
‘Tenancy rights may be permanent or terminated by the death of the temant. In
the former case they may or may not be saleable, In the latter case they are not
.saleable, ‘
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Shalami has to be paid for every kind of patlak. This traneaction is:
cuomparable to the purchase of the lease of a property, upon which ground-rent has.
to be paid. The eultivators have to pay skalam: for cultivation rights. Similarly the
dorjotedars and jotedars pay shalami for the right to let certain plots of land.

The question of land-tenure seems to be an important one ; and it may be found
that it has a considerable bearing upon such matters as impoverishment of the soil.
But at present there 18 not sufficient data available to show such a relation.

Death and disease.— Whether among men or animals the vital necessaries of life
are an adequate supply of food, water, and protection from climatic influences. The
more primitive races of mankind are usually content when these and a few other very
simple wants are satisfied. And this fact renders them very susceptible to the action
of unusual seasons and other influences which tend to interfere with the normal
conrse of their existence. For their wants are so few and so simple even in times of
prosperity that temporary adversity speedily results in deprivation of the necessaries
of life. (Civilized man, on the other hand, has so hedged himself about with artificial
wants that his margin of adjustment is very great, and temporary adversity usually
means only the foregoing of a larger or smaller number of luxuries. Thus it happens
that the members of a civilized race are largely exempt from the effect of those .
changes of environment which exert such an extraordinary influence upon the life of
primitive races, and often result in the bringing about of epidemics of disease and a
very heavy mortality amongst them.

The vast masses of the population of Bengal live in a condition of primitive
simplicity. Food, clothing, shelter and a liftle tobaceco represent the bulk of their
wants. A little simple jewelry for their women and children, small gifts to their
relicious teachers, the keeping of festivals; and the giving of eharity to beggars
represent their luxuries; and expenditure on marriages and legal proceedings, their
chief extravagancies. The bulk of the people live from hand to mouth. In time of
hardship they turn to the money-lender and when he fails them they starve.

Observations among the rural population of Bengal point to the economic
condition of village populations as being the main factor determining a moderate or
excessive mortality among them. Communities whose members as a whole are well
provided with the necessuries of life, have a mortality rate rather below the average
for the province, whereas communities experiencing economic pressure invariably
show a much higher death-rate.

The mortality among village beggars and the landless labourers is exceodingly
heavy, because they are constantly on the verge of starvation. And villages possess-
ing a large proportion of people of this class show a higher general rate of mortality
than others. And among other classes also the occurrence of econowiec stiress is
immediately followed by an enhanced mortality. The death of a cultivator who is
not in good circumstances and who possesses no adult male relations is almost
invariably followed by the speedy death of other members of the family; and the
same phenomenon may be observed in the case of petty traders and craftsmen. In
this way even among communities that are apparently in a generally prosperous
condition, whole families may be decimated, the death of the father being followed
by that of all the other members, in an amazingly short space of time.

‘When a village returns an abnormal number of deaths it is usually not because
the whole population is dying at a faster rate than usual, but because a number of
families are undergoing almost eomplete extermination.

This faet is illustrated in the following eases :~—

(1) In the course of a house-to-house inspection of a village in the Dacca

district a family was seen, consisting of a widow, her mother-in-law and four children.

. Every member of the family was ill. The husband had died six months previously,
and the family was reduced to penury. They still held tbe land, but they had been
unable to cultivate more thana small plot of vegetables. They were entirely depend-
ent upon the sale of these vegetables and small bundles of firewood which the
women and children collected. As they were Mussalmans the women were unable to -
personally conduct the sale uf these articles,and the children were too small to do
o, 8o that they had to pay a neighbour to sell the vegetables and firewood.
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for'them. They were in debt and an iron shed valued at several hundred rupees had
been seized and removed by the makajan Two children had died a few months
after their father. A few weeks after the visit it waslearned that both of the women
and two more of the children were also dead.

(2) Ina village of about 35 houses containing a population of approximately
175 souls only five deaths had occurred in the twelve months preceding the visit.
These five deaths all occurred among the members of one family.

(8) In a village in the Faridpur district an examination of the chowkidars’
bath-chittas revealed the fact that seven deaths had occurred in one family during the
two months prior to the visit. A visit to the house and enquiry into the circum-
stances elicited the fact that the .family had been reduced from comfortable
circumstances to almost complete destitution by the destruction of their land owing to
the cutting away by the river. A large family had been reduced to five members, the
father and four children between the ages of 8 and 14. All the children were ill with
malaria. Two women and five younger children had died. The fawily were entirely
dependent on the casual earnings of the man as a labourer and the eldest boy as a cow-
herd. On the day that they were visited there was no food in the house and the only
resources possessed by the father were two annas that he earned the previous day.

Instances of this kind which it wonld be possible if necessary to multiply
indefinitely point to the one conclusion that among communities, such as those to be
met with in the villages of Bengal, the prime factor determining a heavy mortality is
economic stress.

The people of Bengal in common with all primitive and partially-civilized races
are subject to an extraordinary variety of parasitic infestations; and as a natural result,
whenever conditions become less favourable to human life, manifestations of disease
appear among them. And epidemic manifestations of cholera, malaria and dysentery
are among the phenomena which reeur with a regularity as unfailing as the change
of the seasons.

The most healthy portions of the year are those periods in which the populai?ion
is exposed to least change and least exertion— February and July and August. The
one period *occurs in the middle of dry weather, when the days are fairly cool and
the nights are mild ; the other period oceurs in the middle of the rainy season, after
the rains have become well-established. Tf is at the transition periods ; the season
when the dry weather is coming to an end and the early rains are expected ; and
the season when the rains are ceasing and the dry weather is approaching that
serious manifestations of disease almost invariably appear. At these times of change,
cholera or dysentery appears in the areas subject to the annually recurring
inundations, and malaria in those that are above the reach of inundation.

An examination of the couditions under which the population lives affords an
explanation of the manner in which they die.

In the areas subject to flooding there are many large and active rivers and
hundreds of intersecting #kals and at the time of inundation the whole country is.
almost submerged. The population of these areas invariably depend upon river and
khal water for every purpose. In the time of flood, the river water is at their doors,
but in the dry weather it recedes. And not only do they drink from this common
source, but they bathe in it, wash their clothes in it and attend to every call of
nature at its edge. ‘Thus they are exposed to the attacks of every form of parasitic
organism which spreads from man to man through the medium of a common water-
supply. But in the areas above the reach of floods, which are usually not well
supplied with streams of running water, conditions are less favourably to the
- multiplication of water-born human parasites. The population in these localities

depends upou tanks and wells for its water and these sources of supply are not
exposed to the extraordinary amount of feecal contamination to which the rivers and
streams are subject. On the other hand the malarial parasite is far more prevalent
in these situations than in the areas subject to inundation. For jungle is usually
more dense, waste land pitted with hollows is ecommon and where collections of
-water exist they are usually of a suitable nature for the breeding of anopheles,
3
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Ordinarily however the inhabitants of these different areas are largely tolerant
of the respective parasiies to the attack of which they are all of them from time to
fime exposed ; and disease occurs only among the least resistant of them. But at
times of economic stress a large number succumb to their parasites and a vicious
cycle comes into action. Conditions become unfavourable to human life, and the
powers of resistance of the population are reduced below the normal level ; and this
circumstance 18 favourable to the rapid multiplication of human parasites, with the
result that disease becomes widespread. And with the occurrence of disease priva-

~ tion is intensified, and leads on to a still further multiplication of parasites, more
disease and more privation.

Malaria.—Malarial infection is universally met with in Bengal, but the “static
malaria” of different communities varies very greatly, according as circumstances are
favourable or not to the spread of the parasite. In areas subject to annual flooding
by rivers it is usually very low, whereas in places above flood level it is generally
comparatively high. ‘The spleen and parasitic indices of villages situated on live rivers
and bheels are usually lower than those of villages on dead rivers and stagnating
Jheels and bheels. Villages situated in comparatively open country, and surrounded
almost entirely with cultivation whether fairly free of jungle or not show less evidence
of malarial infeetion than those surrounded with waste land and hidden in jungle.

The type of parasite most usually met with south of the Ganges is the B.
tertian, but the M. tertian is also very common. Quartan appears to be rare,
The commonest malaria carrying-anopheles is N. fuliginosus, which is very widel
distributed over Bengal. It is found almost everywheve irrespective of whether
there is much evidence of malarial infection. Tts larvee are readily found in the
weed-covered water of moribund rivers, around the edges of stagnant bheels in
neglected tanks, large pools, borrow-pits and smaller collections of water, provided
weed is present. They are not usually found in running streams or along the edges
of large rivers, neither are they readily met with in the water of active bheels.

_In the districts in which depopulated areas are most commonly seen, Jessore,
Nedia, Muskidabad, Faridpur and Hajshashi the spleen index is generally very
high. Stewart and Proctor who examined 190 villages situated in the three former
districts during the Bengal Drainage Commission, found an average spleen index
of 59 per cent. More recently Fry has confirmed the view that these distriets
generally present evidence of a very high iucidence of malaria. In Faridpur district
the incidence of malaria is less uniform. Depopulation is going on in the north-
west of this district, and there the spleen index is high, but in the south the incidence
of malaria is much reduced.

The observations which point to an invariable association of a high incidence
of malaria with a condition of gradual depopulation have naturally led to the
conclusion that an intensification of malaria has increased the mortality and so
brought about a reduction in the population. But there are reasons for believin
that this view does not really represent the course of events. '

Depopulation leads to the abandonment of cultivation about a village, the
increasing growth of jungle, and the greater neglect of tanks ; and so tends to bring
about a condition of things more and more favourable to malaria, and the increasing
poverty of communities undergoing loss of population has also a marked influence in
assisting to bringeabout an increase of malarial infeetion, -

On theoretical grounds too there are reasons for supposing that the process
of depopulation itself may tend to increase the incidence of malarial infection. In
recent years there has been a good deal of attention directed to the mathematios of
malaria and the names of Ross, Waite and McKendrick are well known in this eon-
nexion. These workers have endeavoured to prove that the incidence of malarial
infection among a given population is dependent upon the relative density of anophe-
line carriers of malaria. Thusassuming a fixed human population in a certain area
the presence of a given number of anopheles mosquitoes evenly distributed over
that area would result in a definite number of eollisions between the units of the human
population on the one hand and the units of the anopheline population on the other.
The introduction of the malaria parasite under these conditions would result in a gradual



spread of infection until a definite * static level ” of infection was reached propor-
Hionate to the number of collisions taking place. An increased relative density
of anopheles would increase the number of ecollisions and ruise the *‘static level
of infection ; a reduction of anopheles would reduce the number of collisions and
lower it. Similarly an inerease or decreagse of the human population under these
conditions would increase or decrease the number of collisions between the units of the
human and anopheline populations, and would bring about an ultimate rise or fall in
the “ static malaria level.” But this conception ignores the possibility of selection
on the part of anopheles, and the probability that man attracts these insects. And
if we assume that such factors are present, the problem is completely altered. In
these circumstances the reduction of a human population instead of tending to
reduce the spread of the malarial parasite would tend to increase the chances of
infection amongst the remaining inhabitants.

At the present time however, although a few observations have been recorded
which point to mosquitoes being attracted to man, the subject has not been systema-
tically investigated ; and it would appear to offer a fruitful field of enquiry.

Oonclusions.—Having taken a brief glance at a number of the factors which
together form the environment of village communities in Bengal and noted some of
the important changes which may be produced in that environment from time to
time, we are now in a better position to discuss the problems connected with the
phenomenon described 1n the opening paragraphs of this paper, the depopulation of
certain areas, co-incident with an intensification of malaria.

We have seen that Bengal owing to its intimate relation with the Ganges, of
which it forms the delta, contains certain areas which are of older formation than
others. In the natural course of events the relation of the main river and the great
subsidiary channels which take origin from it to these older portions of the delta
must undergo a change ; resulting ma gradual receding of the water, and an apparent
riging of the land ; the cessation of the aunually recurring inundations; the
rapid silting up of the rivers and khals; and the eventual closing of communication
between these rivers and khals and the Ganges, followed by their final stagnation

and death,

Co-incidently with these changes the surface of the country undergoes a
corresponding modification. Fertile plains once mainly composed of rich dia land,
gradually become converted into areas in which poorer dangi soil predominates ; and
localities at one time ecapable of supporting an extraordinarily dense population-
under the existing system of primitive cultivation often fail to supply the wants ofa
greatly reduced number of inhabitants.

Meanwhile other factors cowe into play. The loss of fertility resulting from the
cessation of the annual floods of silt-bearing river water is gradually intensified by
the planting of the soil with exhuusting crops of jute. Under the stimulus of high
prices and the pressure of diminishing harvests the cuitivator is tempted to rely more
and more upon jute and less upon other crops; and so the iwpoverishment of the
soil goes on to an invreasing extent, until at lust the land yields so little that it no
longer pays to work it. When this happeuns the population is helpless ; for they
have been accustomed for geuerations to reap enormous harvests in return for the
expenditure of little effort, and are therefore unused to any but the most primitive
methods of agriculture. Thus from a condition of prosperity they are gradually
reduced to a state of destitution. And when a community accustomed fo ease and
plenty is reduced to poverty and destitution there can be only oune result, increased
mortality, increased migration, reduced birth-rate and a rapid dwindling of the popu-
lation. Meanwhile the villages become more and more deeply buried in jungle, the
land around them goes out of cultivation more and more rapidly, the tanks become
more broken snd neglected; and in proportion as the population is diminished the
incidence of malaria increases.

It is possible in these occurrences to trace the working of a whole serieg of
vicious cyeles, which once put in operation tend to bring about the decimation and
final extinetion of a population. Thus the cultivator in an area which 1s losing its
nataral fertility, too 1gnorant to improve his methods of agriculture, and tempted by

4 .



the diminishing returns from his land, plants an inereasing amount of jute, a crop
which fetohes a higher price than paddy. But jute exhausts the soil much more
yapidly and eompletely than paddy; and the result ‘is that his harvests continue to
diminish. ‘And the more they dwindle the more jute is planted in the hape of
equalizing profits, until at last the soil will yield no decent crop of any kind and
finally goes out of cultivation.

In the same way, the commencing depopulation of a village introduces another
vicious cycle. The loss of population reduces the lecal demand for labour and for
products of every kind thus the labourers, petty traders and craftsmen suffer. Many
-of them migrate or are reduced to destitution, and this still further reduces the
population, and with it the local trade ; and this again leads to further depopulation.

The working of another vicious eycle can be traced in the gradual impoverishment
of a village community. As the soil becomes exhausted, the number of cultivators
is reduced by death, migration and destitution, occasioning loss or ruin among the
landholding classes. First the dorjotedars suffer, then the jotedars and talukdars,
and finally the zamindar. And this impoverishment of the small gentry of a village
forces them to reduce their establishments and diminish their expenditure, so that
they can no longer afford to wmake gifts to brahmins and beggars. Meanwhile the
increasing poverty increases the population dependent upon charity and at the same
time reduces the resources of the charitable. And as destitution increases, the health
of the community deteriorates. Finally the increasing ill-health of the village alarms
the people, and those who can afford to do so migrate to other places, and the migration
of these people diminishes the resources of the remaining inhabitants, increases the
number of destitute, and further intensifies the distress. :

Similarly the intensification of malarial infection is brought about by another
vicious eycle. When once depopulation of a village is in progress, facilities for the
breeding of anopheles tend to increase, at the same time the human population is
being diminished. As a result the infestion of the community inoreases. And
this inorease of malarial infection, itself produced as the result of depopulation,
and inereasing economie stress acting upon a parasite-laden community, tends in the
presence of eontinued economic stress o result in an increasing prevalence of disease,
This again leads to a further decrese of population, a further increase of economic
stress, a still greater intensification of malaria, more and more disease, and so on,
until finally the affected population is wiped out of existence.

As has been already pointed out, in the opeuing paragraphs of this paper, it has
- generally been supposed that an increase of malaria, in the special tracts referred to,
as caused excessive mortality among the inhabitants, resulting in the gradual
depopulation of the areas and the consequent decay of their prosperity. But a
consideration of the facts shows that the true sequence of events is, firstly, a decay of
prosperity, and then an increase of mortality and migration, resulting in rapid
depopulation. And while this process is going on malarial infection increases in
intensity with proportionate rapidity.
" The prime factor responsible for the depopulation is reduced prosperity ; and
the cause of this reduced prosperity is the diminished fertility of the soil, upon which
the whole population depends for its existence. The main factor responsible for the
mcrease of malaria is the progressive depopulation of an area at one time densely
inhabited with a people among whom malarial infection has probably always exis d},'
but perhaps only in comparatively small amount. ‘

- The origin of all these associated phenomena; the fundamental cause of the
diminishing, fertility of the soil; which is the prime factor responsible for the
successive decay of prosperity, inocreased mortality, progressive depopulation, and
1iensification of malaria ; is the change in the relation of the (anges to the land to
which it bas given birth. Aud this change is part of a natural process to the action
of which every portion of the delta must suoner or later be exposed.

_An appreciation of this fact will show that we must expect to see the occurrence
of phenomena resembling those described, whenever and wherever factors similar to
those whose action we have traced are brought into play. At the present time there
are portions of Bengal whose soil is 8o fertile owing to the enriching inundations to
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~which it is exposed, that it can support in comparative comfort a population amount-
ing to as many as 2,000 persons per square mile. These are not the areas that have
been recently formed, for in the latter the population has not yet had time to expand,
but they are the areas in which changes are most likely to occur in the future. At
present in spite of their enormously dense population they are comparatively healthy ;
-and although malarial infection exists among the people, and anopheles mosquitoes
‘oocur, sometimes in comparatively large numbers, the infection is neither very
prevalent nor is it often associated with much serious disease But should similar
-changes to those that have already oceurred in older parts of the delta take place
there, we may expect to see the population eventually reduced to a third or a quarter
of what it is at present ; and a gradual intensification of malarial infeetion will follow
-as a natural result. And in proportion as different localities lose more or less of their
‘inhabitants, the final incidence of malarial infeetion will be found to vary in more or
less close relation to this fact.

A consideration of the facts dealt with in the preceding pages shows that the
increase of malaria in Bengal associated with depopulation of certain areas is not due,
-a8 has sometimes been supposed, to water logging of the soil. It takes place in
areas whioch are now much higher above water level than they used to be ; and the
‘stagnating bheels and rivers present are only the remains of very much larger
collections of water that once existed there. Neither has the stagnation of these
rivers and bheels been the most potent cause of the trouble, although it has assisted
10 doubt in rendering conditions more suitable for malaria. [t is not the lack of
current in the rivers and the absence of rapid flow in and out of bheels which is so
important, as the fact that the water no longer contains a rich supply of silt and no
longer overflows the neighbouring lands and enriches them. The idea that railways
‘and roads were responsible for the trouble also appears to have no foundation. Their
- -existence in areas which tend to become malarious is largely an accidental matter;
and though their presence may have assisted to increase malaria in some small degree,
the intensification. of the infection would have gone on even if they had never been
-oonstructed. The steeping of jute appears to have had no influence upon the spread
of malaria. Moreover, it is quite possible that it has really been unfavourable to the
infection, because water in which much jute has been steeped, although frequently
swarming with the larvee of mosquitoes of the genera Mansonia and Culex, does not
usually harbour those of dangerous anophelines. n the other hand the growth of
jute on areas no longer being enriched with sil{-laden river water has been a potent
factor in bringing about a eondition of depopulation, because of the rapid impoverish-
ment of the soil which results ; and the growth of jute therefore may be said to have
indirectly helped to bring about the intensification of malarial infection, in many
-communities undergoing depopulation. The overgrowth of jungle in the villages is
accidentally associated with the condition, because it is largely dependent upon
depopulation, as was pointed out by Buchanan one hundred years ago. In the
Sunderbund area of Bengal where there is dense jungle malarial infection is usually
-almost absent,

In the light thus shed upon some of the most serious problems of Bengal malaria,
“the measures that have been suggested from time to time asa remedy for the evil
‘no longer appear adequate.

The dredging of open channels connected with the Ganges, which may be in
-danger of silting up, can only postpone the occurrence of the trouble in parts of the
country as yet unaffected ; and the attempt to resuscitate rivers that are already
moribund cannot remedy existing conditions and may even precipitate their oceur-
rence in areas at present free.

Huge drainage schemes designed to deal with the supposed water-logging of the
-oountry are also likely to prove futile ; for they cannot possibly influence the cause
.of the trouble. Similarly the cutting of jungle cannot be expected to produce a very
marked result ; for the excessive growth of jungle is only an accidental condition
associated with the abandonment of once cultivated land and the depopulation of village
communities.

The measures likely fo prove most successful in producing an amelioration of
‘gonditions already in existence are those directed to an improvement in the eircum-
-stances of the affected communities by an advancement in their methods of agriculture.



They have been reduced from a condition of past prosperity to une of present poverty:
by changes which might have been foreseen but could not well be prevq_gtec{ But
though we eannot restore the natural process of soil fertilization, the annual inunda-.
tions of silt-laden water, to which the land in the affected areas was once exposed,
and upon which its former prosperity depended, it is within our power by improved
methods of agriculture, careful manuring, seed selection, rotation of crops and other
measures to neutralize the effect of diminished natural fertility, and bring about a
condition of prosperity as great or even greater than that previously existing. Hence
every effort should be concentrated upon furthering improvements in agricuiture ; and
these efforts must include a larger wmeasure of general as well as special edueation,
the increase of agrieultural farms, the extension of co-operative credit banks, and the
organisation of praectical demonstrations of improved methods in every locality. It
will also be necessary to direct attention to existing systems of land tenure so as

to ensure that the gradual process of improvement is not checked by any artificial
restrictions, '

No very rapid improvement must be expected at first and it may take several
- generations before the effect becomes apparent ; but sooner or later it will eome about ;
and those at present living may yet see commencing recuitivation and repopulation
of areas once densely inhabited but now given over to jungle. And as this takes
place, malaria will diminish to a corresponding extent until it finally disappears even
Irom the places which are at present most seriously affected.

It has already been peinted out that there is reason to suppose that similar changes
to those which have taken place in the older parts of Bengal will tend to occur in other
areas. 1t is possible however that by taking due precautions, these changes may be
postponed though 1t is doubtful if they can be altogether prevented. For this pur-
pose the periodical dredging of existing large open channels, and the application of
methods of water conservancy to smaller streams and khals appears to offer some hope
of success.

But side by side with these measures, the education of the people must be pressed
forward, so that in the event of failure, they may be able and ready to neuntralize-
the results of the disaster, as soon as it occurs.
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NOTES ON ANOPHELINE DISTRIBUTION IN THE UNITED PROVINCES
By Maor J. B. Graham, I.M.S., Special Malaria Officer, United Provinces.

. After the visitation of epidemic malaria in 1908, the Local Government in
November of that year appointed two whole-time Indian Medical Service officers for
purposes of malarial research, and.since 30th April 1909 one officer has remained on
special duty for this purpose. As a result of four years of work, a large number of
accurate observations in different areas of the provinces have been' made, and I
propose to give a brief resumé of these in so far as they affect the distribution of
anophelines, .

Prior to 1908, except for the work of Giles, little that was aceurate was known
in regard to the species of mosquitoes normally present throughout the provinces,
their relative prevalence, distribution, aud seasonal variations; and, as the only road
towards completeness and accuracy is by a careful record of accumulated reliable
observations, the gaps a} this stage in the enquiry must be disappointingly frequent,
though most of them will, in time, be completed.

With & province which extends from north-west to south-east for over 580 miles
and from north to south for nearly 500 miles, touching the Punjab, Tibet, Nepal,
Behar, Central India and the Central Provinces, considerable variations in dis-
tribution would naturally be expected, while the delimitation of the provinces
physiographically into a Himalayan area of mountains and Terai, a submontane
region along the hills south of the Terai, and a riverain or doab region, and economi-
cally into a western or highly canal irrigated and an eastern or highly well-irrigated
area would be expected to show a merging of the variations into those existing in
the Southern Punjab and Upper Behar. In the accompanying map the Himalayan
area is in green, the submontane in yellow, the doab or riverain in pink and the
central area und Bundelkhand uncoloured.

The fauna of the Upper Himalayan region is sharply demarcated from that of
the riverain, while the Terai portion of the Himalayan, and the submontane areas
show various degrees of gradation from the one to the other. As so much of the
investigations of the special officer have, during 1909-1910, 1911 and 1912, been
confined to special places, the observations have gained in their accuracy, complete-
ness, and continuity what they have lost owing to pauncity of localities.

Briefly, in the Upper Himalayan region we have observed at Almorah, Ranikhet,
Naini Tal, Bhowali, Dharmote and Kalighat, and oulicifacies, fuliginosus, listoni,
willmori, willmori (variety maculosa), maculipalpis, lindesayi, and P. simlensis have
been found.

In the Terai region of the Himalayan area we have made observations in several
places in the Dehra Dun, throughout the whole length of the Naini Tal, Terai and
Bhabar from Kashipur to the Nepal border and from Kathgodam to Kichha and have
found rossi, culicifacies, fuliginosus, listoni, maculipalpis, maculatus stephensi and
nigerrimus. ‘

In the submontane region at Saharanpur, Nagina, Moradabad, Bareilly,
Pilibhit, Gonda, Basti, and Gorakhpur we have found rossi, culicifacies, fuliginosus,
listoni, maculipalpis, stephensi, nigerrimus, barbirostris, pulcherrima and P. simlensis.

In the doab region of the Ganges, Jumna, Gomtee and Sarda rivers we have
made observations in Kairana (distriet Muzaffarnagar), Meerut city, Kosi (distriot
Muttra), Muttra, Etawah, Fatehgarh, Cawnpore, Allahabad, Fyzabad and Adjodhia,
and a very large number of places in Ghazipur and Ballia districts, and have found
rossi, culicifacies, fuliginosus, maculipalpis, maculatus, nigerrimus, barbirostris,
stephensi, pulcherrima. Lastly in the central area and Bundelkband, we have
observed in Rae Bareli, Lucknow, Hamirpur, finding rossi, eulicifacies, fuliginosus,
stephensi  Bundelkhund, however, requires a large amount of further observation
as 1t is & very large area, in parts sparsely inhabited, and its fauna would be expected
to merge into that of the Upper Central Provinees.
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A tabular statement ehows that eculicifacies and fuliginosus are universal, rossi
not being found in the mountains but appearing in the Terai area, and being presens
in abundance everywhere else, The mountains give us willmori and lindesayi
‘which are found nowhere else, while they are destitute of stephensi, nigerrimus,
barbirostris, pulcherrima and maculatus, the two first appearing in the Terai and
continuing throughout the other areas, while barbirestris, pulcherrima, appear in
the submontane, persist in the doab, but are not found in the central areas
or Bundelkhund.

Maculipalpis is not found in the mountains, appears in the Terai and diminishes
towards the doab.

Maculatus appears in the Teral and is noted as appearing in the doab, but this
observations has not been confirmed by me nor have I seen the specimens.

Tabular Statement.

: i Himala
Name of Mosquitoes. ( ?[:::};iyﬁg. J,E;]ngan Submeontane, r?:::gi.:. B?zﬁ:lalihﬁ;%.
i i

Ny. M. roesi . “+ +

M? Cnlicifacies -+ i 4 + :r"—
Ny. Fuliginosos .. -+ -+ + - +
M. Listoni ,. . -+ -+ “+ .
Ny. Maoulipalpis .. . -+ + + .
Ny. Maculatas . .. -+ e e Ve
Nes, Willmori e -+ . .. e e
Nes, Willmori var maoulosa -+ ! .- . . .
P. Lindesayi =+ j . e ! . e
Noe. Btephensi o [ -+ -+ | + +
My, Nigerriraus .. . . .- . -+ + + +
My. Barbirostris .. .. .. .. e } = + + ..
-C. Pulcherrima . . .. £ + +

P. Simlensis -+ [ -+ ..

Ny M. rossi—is the most abundant of all. Its absence in the Himalayan
area is what would be expected from its general habits which have been found
much as deseribed by previous writers.  Its role in regard to malaria is still obscare,
though nowhere in spite of repeated dissection has it ever been found to be carrying.
Tts seasonal distribution corresponds with the malarial season, however, in Meerut
and Kosi, and it appeared after the onset of the rains, reached its maximum intensity
in the rains, diminished, and genecrally disappeared about November, December,
never being found in quantity again till the succeeding rains. It bids fair to
behave similarly in the eastern doab now under investigation. Adults were not
found to persist throughout the cold weather of the Western United Provinces.

M. culicifacies—is probably the most universally distributed of all. There is
little fresh information to add to what we know of the favourite haunts and selectivity
of this well-known carrier. It was bred from the lake water at Naini in June 1911,
but has been found nowhere else in the hills. It occurs in fair quantity in the Terai
and Doon; but reaches its maximum in the submontane and doab areas. The rice
fields of Saharanpur, Nagina, Basti, Gorakhpur, Ballia and Ghazipuar, the river and
tanks of Gonda, the river at Balrampur, tanks at Kairana, the Delhi-Agra canal at
Kosi, the Abu Nala at Meerut, and Gomtee at Lucknow were all producing this in
varying quantity during the rains while in the wells at Kasia, Deoria, Barhaj,
Salempur and Captainganj in the Gorakhpur district larvee were found in considerable
quantities rather an unusual breeding place in my experience for this mosquito and
one which I have not seen mentioned before. Its relative prevalence inereased
throughout the rains till about mid October when it gradually decreased. In Meerut
eity we were able to breed out specimens in January while a few adults could be
found there all the year round. In Kosiin 1910-1911 only an odd adult female was
found at the time of arrival in early July, but as the pools in the empty canal bed
formed simultaneously owing to the closing of the canal, the larve were seen develop-
ing and in two weeks the canal bungalow and town alongside swarmed with adults.
No inerease was apparent during the hot mounths of May and June. Its seleetivity
is great, and it will not breed in quantity in borrow pits when plenty of clean water
is abont as in the canal.
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Ny. fuliginosus—runs culicifacies closely for universality of distribution and
probably beats it in numerical prevalence, The fact pointed out by Christophers,
James and Stephens that this mosquito seems independent to a great extent of the
monsoon rainfall, was repeatedly demonstrated. It persists all throngh the cold
weather and in the western United Provinces the larvee remain small and in places

~seem to hibernate and refuse to develop. In Meerut we were able to breed out an
occasional odd one all through the winter. [n Mareh and April in the western
United Provinces it is by far the commonest anopheline near inhabited areas, and at
the beginning of the rains is usually in excess of any other until rossi and culicifacies
overwhelm it. I think its period of greatest increase in the western Urited
Provinces is towards the end of the rains, .., October and in the eastern United
Provinces this promises to be the case too.

It was bred from Naini Tal lake water in June 1911 and 81 adults were caught
in the bazar there while a female was caught at 7,000 feet. It was found in the Terai
during the six months, November to April, and throughout the sub-montane area from
Saharanpur to Gorakhpur, the doab and the central area. The variety “ adei ” was
found at Meerut.

M. listoni—is essentially a hill, Terai or sub-montane species. Its breeding
grounds have invariably been of the unusually described type. It was bred from
Naini Tal lake water and adults were found in Naini Tal bazar, at Bhawali and
various places in the Terai, and Doon by Robertson and myself. In November 1911
I found at the edge of the Sal jungle 5 miles from the exit of the Sarda from the
hills, a small stream producing hundreds of this species only. The adjoining ¢ got ”
-or Pahari village some distance off and used only in the cold weather had numerous
adults which must have had considerable powers of flight judging by the distance
of the village from the main breeding ground,

It was got at Saharanpur by Bobertson but notat Nagina and has been reported
from Cawnpore though this has not been verified by me. The merging of the charac-
‘teristics of some specimens into those of culicifacies was noticed.

Ny. maculipalpis.— Absent from the high hills, was found at various places
throughout the Terai and in November 1911 was the commonest mosquito at Tannak-
pur near the Nepal border where the Sarda emerges from the hills and within 5
miles of the stream already mentioned as producing listoni only. It was found in
1909, 1910, 1911 in both Nagina and Saharanpur, in 1910 in Kairana a stray speci-
men was got, but no where else have I observed it. Kichhain 1910 produced large
numbers and Major Robertson incriminated it as a carrier. :

Ny. maculatus was bred from the lake at Naini Tal and 52 adults were found in
the bazar there. It was found in the Doon and at various places in the Terai, and
in 1909 Wyville Thomson reports it at Dehra, This correspondence with its known
prevalence in the Bengal Doars. It was never present in large numbers

Neo Willmori and P. lindesayi are essentially hill mosquitoes, Both were found
in Naini Tal and the former was bred from the lake water. The variety ¢ Maculosa ”
was recognised at Naini Tal. Major Cochrane sent me a single specimen from
Bhawali Consumptive Sanatorium which proved to be a female Willmori, while
Almorah, Ranikhet, Bbawali, Dharmoti in Kumaon (all above 4,000 feet) have
supplied specimens of lindesayi. 'L'hey breed in mountain streams, flourish between
3,000 and 7,00V feet and seem to cease where much sand begins to appear in the
river bed. Willmori was found at Almorah by Lieutenant-Colonel Hehir.

Neo Stephensi.—Absent in the hills, appears in all the other areas, and is most
nuwmerous in the doab. It was found in the Naini Tal Terai, at Bareilly, Kairana,
Kosi, Lucknow, Fatehgarh Rai Bareli, Ghazipur, Fyzabad, Ajodhia, Allahabad and
Cawnpore. It was almost invariably found breeding in wells as in Bombay and in
Lucknow was present in considerable numbers in the wells near the Gomtee and
Medical College, being present in several of the wells in the compounds of the
professor’s houses, In Kosi it was confined almost entirely to partially used wells
(not disused wells as in Madras). The well species is smaller than that found in
pools as noted by Bentley. It was found, though rarely, in early May in Lucknow,
.and was most namerous there in Qctober. One single well specimen was forwarded
‘to me from Rai Bareli by Major Walker in 1910.
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My Nigerrimus and my barbirostris,—The former was found in the Terai though.
scarce, and increased in the sub-montane area and diminished again in the doab; the.
latter was most numerous in the sub-montane area. Both were obtained at Nagina,
Baharanpur, Bareilly, Gorakhpur, Gonda Meerut, Bilthrs, and Korantadih in Ballia
district, while the former was got in the Doon, at-Balrampur, Kairana, Etawah,
Cawnpore, and Reoti in Ballia. In most instances very few larvee were found toge-
ther—a frequent observation~-but Gouda was an exception as here the river and
Kachha and pucea tanks held large quantities.

Other species—C. Pulcherrima was found, in small numbers only, towards the
end of the rains at Nagina, Kairana, Kosi; hut nowhere in the province was there-
any approach to the situation. Perry describes as prevailing at Dera Tsmail Khan
and in the western Punjab. The adults at Kairana, appear to hive through the winter.

P. simlensis was found at Kali ghat Garhwal (6,000 feet) by Dr. Imms
(vide James and Liston, page 69) and at Bareilly, the latter not being verified by me.

These species are however to be considered more ag interesting occurrences in
the United Provinees. Had they been present in larger numbers they would certainly
have been noted oftener,

The influence of a series of mild malarial years since the epidemic year of 1208
may have gone “ pari passu” with a qualitative and quantitative alteration in the.
species, which it is difficult to estimate. Be this as it may, the fact that the more
common species have observed s similar sequence in different localities far apart
would indicate that there is considerable regularity in the laws governing their
bionomics, which only extended observations over a series of years in a few fixed
localities are likely to unravel. It would further indicate our surest line of approach
to this very difficult subject along the pathway of extended systematic observations.
in marked loealities over successive years and their accurate record.
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ON SOME POINTS IN RELATION TO THE BREEDING OF
MOSQUITOES.

By Rai K. C. Bose Bakadur, C.1.E.

Stray notes on the breeding of mosquitoes by one who has no pretension to.
_nderstand the technique of the process, and who has never spent an hour in acquiring-
knowledge of entomology will, I humbly trust, be not altogether uninteresting to
those who have made the subject a special branch of their study and scientifie
research, Actuated by a desire to understand the various stages in the life oyecle
of mosquitoes without regard to their species, I collected s fow vessels of various
dimensions and depths and after having filled them with filtered water placed
them in different parts of the house and under different environment. It may
be mentioned that amongst the vessels specially selected tor the purpose I had
glass bowls and jars, earthen Aundies, brass thalies and tin canisters. The vessels
which were placed in dark room when brought out in light after twelve hours showed
deposit of eggs on their surfaces, whilst those kept under powerful eleetric light had
none within the first 24 hours. The first series of experiment began on the 12th
June and lasted till the end of the month. The second series was taken in hand by
the 15th of August and lasted till the 10th September 1911. The third series was.
commenced in the beginuing of October and carried till the 4th November 1912.
The experiments did not require any peculiar tact, although they were done with the-
greatest care and attention. The vessels as a rule were placed in their respective
places between 8 and 9 p.u. and were examined during the following noon. Of the
three earthen pots used for breeding mosquitoes two were new and one was old,
On the following day ova were found floating on the surface of the water placed in.
the old pot. In the new pots it took four clear days to attract mosquitoes to lay
their eggs. They were placed in a room where no light was placed. Of the three
brass utensils one was placed in a room in the third flat of the house 40 feet above-
the level of the street. There was light in the room ; the second was placed under
the stairs, the third on the ground floor in the shade caused by a group of plants
kept in pots; on the third day they were brought out for examination. In the one
which was placed amidst the plants on the ground floor larve were found wriggling.
In the rest the eggs were found floating. Of the three glass howls one was placed
on a mirror laid flat on a table in a room which was well lighted and had openings
on all sides ; the other two were placed in different parts of the same room. The
one which was placed over the mirror was not courted by mosquitoes and no eggs
were lain in it within the first ten days. On the |1th day the mirror was removed
and on the 15th day ova were found floating on its surface. In the two other
bowls the ova were found on the third day. The tin canister was placed on the
terrace of the house; it was not examined for two days; on the third day larvee
in good number were found wriggling on the surface of the water,» The larvee of
the first series of experiment took four days to convert themselves into pupa and the
pupa full three days to become mosquitoes. The procedure observed in the second
and third series of experiment was almost the same as that adopted in the first with
slight variation in the treatment of water. TFour sorts of water were selected for
charging the vessels— the sterilized water, tepid water, cold water and unfiltered
water. There was no marked difference in the result and the growth and develop-
ment of the larve was not in any way interfered with. Inthe third series only tap
water was used, but the procedure was altered which requires mention. In vessel
No. 1 water was saturated with sugar. In No. 2 it was slightly mixed with syrup.
In No. 8 it was kept plain. In No. 4 a little salt was used. In No. 5 a piece of
boiled fish was placed. In Nos. 6 and T leaves of Adkatoda vasica green and dried
were used. The vessels were kept in their respective places in the evening of Friday
the 4th of October last. On the following noon ova were found in vessels Nos. 3 and 5.
The rest were free. Two mosquitoes came out of vessel No. 4. On Tuesday morning
larvee were discovered in all the vessels excepting the vessel No. 1 in which the
water was saturated with sugar. It may be mentioned that no larva was ever
detected in this vessel. I do not know whether there were any eggs in it or they did
pot hateh. In vessel No. 7 in which dried leaves of Adhatoda were used the growth
of larvee was stunted and they died before they could reach the pupal stage. In



vessel No. 6 in which green leaves were placed no deleterious action was found on
the growth of the larvee. In vessel No. 5 the larvee thrived very well, and the
duration of the larval stage was reduced to 4 days and the pupal stage lasted only for
48 hours, Similar results have been obtained from experiments conducted by my
young friend Dr. J. K. Mitter, a rising medical practitioner of Calcutta practising in
the district of Burra Bazar. He found by most careful observation that the pupal
stage did not last longer than two days.

In deseribing the various stages of a mosquito life I have mainly depended upon
the results of my own experiments which, I must candidly confess, were carried on
in a crude state. In the majority of cases the ova resembled very much the smallest
variety of poppy seeds. They were brownish, red, or pinkish white; they were
round like dots, but when examined by glass they were found to be elongated. They
were found in elongated clusters and would float in clusters, and when separated by
agitating the water they would soon coalesce and assume the same form in which
they existed before separation, Their vitality is not destroyed by constant movement
of water, The eggs hateh in some cases on the third day, but in the majority of
instances the process was delayed to three fuil days. The duration of larval
stage is from three to five days. The larvee are voracious. In the vessel in
which a piece of boiled fish was placed the larvee thrived admirably well and
they completed this stage of their existence in 3 days. whilst in vessels in
which no food stuff was put they did not reach their pupal stage until the fifth
day. The pupal stage does not ander any eircumstance last longer than three days,
but under favourable circumstances it is completed within 45 houars. The pupa
requires no food. The transition from the pupal stage to the stage of perfection is
attended with certain amount of risk. The Pupse that become impatient to extricate
themselves from their imprisonment within a vessel encounter danger to their life.
Their premature attempt to use the wings leads to their destruction. The wings get
wet and do not expand ; the baby mosquito struggles hard to get out of the difficulty,
but its power is soon exhausted and js readily carried into the bottom where it soon
dies and is preyed upon by the larvee, whilst those that are cautions easily tide over
the difficulty. They slowly leave the surface of the water, sit upon the walls and
then upon the edges of the vessels and then launch into the world to discharge their
funetions as carriers of malaria and thus become enemies to muan. From close and
careful observations of the breeding process it has been found that the best time for
laying eggs ie between midnight and dawn. The larves, however active or thriving
they may be, are readily killed by kerosine oil. I have often tried this. I can emph-~
atically say that in larvee-cidal property kerosine oil excels all other products of the
petrol group. I do not know whether the mosquitoes are provided with any special
apparatus through which they could hear sounds but circumstances tend to prove
that they are not absolutely void of the sense of hearing. When swarms of mosqui-
toes are found in open place especially during the approach of evening, boys attract
them by simulating their hum and thus kill a lot of them. That the mosquitoes
possess the sense of smell is dewmonstrated by the fact of their resenting strong smell
of phenol; camphor; and other chemicals, The environment of Caleutta is very
favourable to the propagation of their species. Any excavation with little aceumula-
tion of water is capable of breeding mosquitoes and the number of such excavation
even on the sides of the well-paved street is not small. The gully pits when clogged
convert themselves into receptacles to breed these infernal imsects. You would be
surprised to find that the tracks of cart wheels are made favourite places for the
breeding of mosquitoes. I fear I am encroaching upon your time. I would therefore
proceed no further. My acknowledgments are due to Mr. B. L. Chowdhury, ®.a,,
B.So., 7.R.8.5., who materially helped me in econducting the experiment.
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NOTE OF AN INQUIRY INTO MALARIA AND MOSQUITOES
IN THE XASHMIK VALLEY.

By Li.-Col. and Mrs, Adie.

In a recent vigit to Kashmir, we took the opportunity of inquiring what was the

condition of malaria and anophelines in Srinagar and its neighbourhood. We were
kindly informed by the profession that, practically speaking, there was no malaria
here and no anophelines, and that the cases of malaria, which were et with
generally ahout ,? uly, August and Scptember or so, were imported from down-
country. .
_ We are not aware of a systematic malaria survey has ever been made in
Kashmir, and we therefore took' a keen interest in conditions which were new to us.
‘As the work has all been done by ourselves, without any staff, it does not claim to
be complete, but it may be considered in the nature of reconnaissance.

Our observations extend from the latter part of April to the end of October of
the present year, and include the city of Srinagar, its suburks, and the tract of
country where the Sind River leaves the Sind Valley and begins to spread out into
geveral channels ((Ganderbal)-—an area of about 20 miles by 10.

We may state at onge that we can sum up our observatious in one word —ucgative ;
for we have not yet met with a case of malaria originating in these parts, and we
huve captured two adult anophelines and four larve.

General remarks.—Srinagar lies nearly in the middle of the Kashmir Valley, which
runs south-east to north-west, and is about 84 miles long and 25 wide, and has an
average altitude of 6,000 feet. Itis drained by the River Jhelum. The valley lies
in @ hollow of a complex of mountains reaching from the Punjab plains to the
Himalayan giants of tbe North, Nanga Parbat, 26,900 feet, oto.

At Srinagur the average temperature, put shortly, is as follows :—

Mcan— January .. .. -4 .. .. 332;diurpal range 14:2
May e . e i, .. 639 » , 240
July .. . b § o .o 148, , 208
November. . .o St I .. 464 ' . 281

The average rainfall is 27-24 inches in the year.

The actual rainfall for tho last eleven years is as follows :—
22, 36, 33, 26, 26, 29, 34, 31, 23, 28, 19 (1912 to September 30).

| Taking & year at random, the following shows rainfall by months in 1909 : —

January .. . - 27 July .- .. .. 648
Februsry .. .. .- 8:46 August . - .. 77 5 1437
March .o .. .. 356 September ‘e .o 712
April .. .. .. 1:568 Octobor .. - .. 165
May .. . .. 197 November .. .. il
June - .. . 1-04 Dooember .. .. 120

July, August and September accounted for half the total. The principal grain is
rice, and it is cultivated up to an altitude of 7,000 feet. Maize is next in 1mportance.
As to the general appearance of the adult inhabitants, of whom three-fourths are
Muhammadans, they seem well-nourished and robust, but we have often been stuck
(in film taking) with the poor physique and timid faces of young boys compared
with the plumpness and viracity of young girls. We noticed how well the Mangi
class, at least, did themselves as regards food —fowls, ducks, geese, fish, vegetables,
ete., being ordinary fare. Nome says © It way be asserted that the Kashutiri
peasantry with their little vegetable gardens, their poultry and sheep, with their
abundant fruit trees, with vast mountain grazing grounds, and privileges n the way
of firewood and forage, are now exceeding well oft.”” This point is dwelt upon as
bearing on the incidence of malaria in & community ; the better fed, the better the
resistance to epidemic diseases like malaria. ‘
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Prevalence of Malaria.—As to prevalence we have decided to confine our
attention to the spoken opinion of the profession now practising in Srinagar, and not
to burden this report with statisties. -Their opinion is given in the opening para-
graph. Dr. A. Neve adds, it is such a matter of altitude ; the lower you go the more
the malaria. 'T'hus, Uri and Domel have some malaria punch, a good deal lower in
altitude, has more; and so on. Endemic Index.-—We at once began to examine
bloed films of children under 12 years. Most of them were under 8.

. They were children belonging to houses situated round about the Chenar Bagh
(map of Srinagar) on both sides of the apple-tree canal. They belonged largely to
the class of watermen ; a few to the cultivator class.

In 101 children examined between 10th and 20th May no parasites were
found. '

We returned to Srinagar on August 23rd, and between that date and [6th
September examined 79 films of children round about the Sonwar Bagh, belonging
mostly to the village Ekrajpura. Parents’ oceupation—cultivators chiefly. " No-
parasite was found.

Among 180 children, therefore, the endemic index was mil. So much for
children. In the Jail we visited cases which might have been malarial. Prophy--
lactie quinine is issued on the Punjab Lines, and cases of fever were at once treated
with quinine.

August 29, 1912—Jail—Examined seven cases of fever, all getting quinine.—

No. 1. Pure Kashmiri: 100-2° negative for parasites.

No. 2. Kashmiri bas been to Domel, 99:8°; negative.

No. 3. ” " 99-8°; )

No. 4. 2 ” 99:0°. Greatly enlarged spleen reaching
umbilicus ; Crescents found 2 in. 5 min.

‘No. 5. Pure Kashmiri, 102-4°; Spleen enlarged. Negative.

No. 6. ’ 100-8°; negative.

No. 7. ' - 1017 B

- September 3, 1912. —Examined 7 more cases of similar nature but who had not
had quinine treatment but possibly prophylactic quinine— Negative.

September 4, 1912.—Examined 4 more cases of similar nature—Negative.

Thus, of 18 adults complaining of fever in hospital, only one had parasites, and
he was a man who dwel¢ in Domel, and so a lowlander. It must be remembered,
however, that several of the above had had quinine. ~

In the Mission hospital on 17th September there were three cases of malaria
applying for treatment, and had not yet had quinine. Malaria was quite uncommon
at this hospital at that timne.

No. 1. Kashmiri—Had been to the Delhi Durbar; had fever there ; nover any
attack before Delhi ; since return has had several ; no spleeu ; dyspeptic young man.
Film crammed with Benign Tertian parasites (rings and bizarre).

No. 2. Native of Drang near Jummoo: age 23 ; fever for two years anemie;
enormous spleen reaching right iliac fossa. Parasites present, few in number, one-
crescent and one ring in five min. :

No. 3. Inhabitant of Srinagar ; been lately with his master to Karma (low-
lands); this 1s first attack ; started ten days ago  Film full of parasites (malignant
terfian rings). ’ ,

In the State hospital, we were kindly shown imported cases with parasites
(gametes). o

The opinion locally held is thus quite borne ont by blond examinations, namely,.
that there 18 no evidence of endemic malaria in Srinagar, and that cuses of the-
disease met with in that city are those contracted in lower altitudes,
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Prevalence of anopheline 1.08quilees.—For a period of six months from April 24
to October 26 diligent search has been made for both adults and larves, The total,
cateh of adult anophelines was two (A. barianensis). These were met with in the,
Nasim Bagh (on the Dal Lake) at the end of June. We were sitting under a chenar
tree at about dusk, when we noticed a few rather large flies about us. One was.
caught in the hand, and another was soon after gently. jammed against the arm with
the palm. We saw a few others. The two specimens were not badly damaged.
We immediately took steps and laid traps to get more, and thoroughly searched the-
waters, huts, trees and boats round about, but failed to find their whereabouts. The:
Nasim Bagh is a beautiful collection of huge chenars with the Dal Lake on the east,
rice fields on the north and west, and on enormous orchard on the south.

As regards water collections, these consist of —

(1) The river Jhelum and its puddles,
(2) Canals, and their puddles,

(3) The Dal Lake and its various backwaters, and irrigation cuttings.
(4) Wells, and village collections, borrowpits.

The city is supplied with tap water, and there are no leakages bad enough to
harbour larvee.

The Dal l.ake is about 5 miles long and 2 wide; it includes a good deal of
marsh, and is connected with the city by various canals. Tts surface is rich in
aquatic plants and animals, and its banks are very commonly excavated into series
of long parallel irrigating channels (like attenuated docks) which are frequently
covered with lemna and shaded by willows. In the hot weather, one is tempted
to say ‘¢ that stuff must be recking with larve,” but he would be disappointed to find
fewer here than in less likely looking waters on the banks of the lake.

As to canals, some are mere connections between river and river, or river and
lake ; but the greater number are for irrigation, and are brought down in the
usual way from the Sind river to serve the rice fields. In some few isolated places,
irrigation by wells is carried out, the sub-soil water being only about 8 or 10 feet
from the surface. '

After frequent and extensive examination the only Anopheline Larve found
were 4 of Neo. 'Willmori captured in the Sind valley about 4 miles up from Ganderbal
on the 24th and 25th August. They were found by the side of a rice-field near the
road in a long diteh which was fed by a small fast-flowing road-side channel about 2
feet wide, coming off an irrigating channel. ''he water in the ditch was almost
stationary and clear, and had grassy edges. Diligent and repeated search in the
same and neighbouring waters failled to add to our collection. All four larve were
bred out. It would thus appear that our six anophelines were chance captures, '

As to culicines, in late April no larvee were seen; in early May, a few in
borrow-pits along the Baramulla road, and in the European quarter ; none in the Dal.
In the middle of May they became more numerous, but still none in the Dal, and yet,
when on the lake, one was persistently attacked by adults which were eventually
found to be breeding in the Lamlets on the shores.

In the end of May and June, they were found in the Dal lake. The lake also
contained myriads of chironomus, larvee and adults; in fact,the clouds of flies
popularly thought to be mosquitoes in the hot weather were midges.

At Ganderbal during July and August, culicines were found everywhere, and
adults were intensely annoying. In the rice fiells in the Amchar Marsh in August
clouds of adults (chiefly fatigans) were seen hovering about, and one was violently
attacked even when flapping a handkerchief. Taeniorhynchus was also met with.

At Shadipore the conditions were the same. These regions are notorinus for
~the swarms of culicines in the autamn months Stegomyii was not met with. It
thus appears that here is a case of “ No anophelines— no malaria”, and the malaria
that is imported, with sexual parasites in the blood of patients, eannot be epread on
accouut of the absence of the proper host. We have been greatly struck with this
condition of things, especially remembering our experience in Kangra and Kulu lust



year. - These two valleys are rich in anophelines and have a considerable amount of
endemic malaria (endemic index about 4). The following table will show the

-¢ontrast :—

— Kangra valley. Kulu valley. Kashmir valley.
Average height .. 44000 5,000 ! 6,000
Chiet sultivation . Rice Rioe | Rice
Trrigation . Canals Canals | Canals
Rainfall 70 in. 3b 127
Tomperature 68 0 T
Anophelines Abundant Abundant ¢ Practieal nil
Endemic index .. 4 (approximate) 4 (approximate) Nil
¢ Malaria) season *’ J Rathar bad Very slight

Geographical conditions

a
1Bee map 1)

| |

Map No. 1 shows the arrangement of mountains and rivers with regard to the three
valleys and speaks for itself It will be seen at once that the Srinagar valley is
separated from the plains by about 100 miles and is surrounded by a maze of lofty
mountains, while the Kangra and Kulu valleys are not so isolated. Take the Great
Himalaya range coming up from Nepal. It runs along to Managa Parbat making a
gigantic wall on the north and east, and gives off two big lofty branches—the
Dhauladhar range, whiech runs north of the Kangra valley and south of Kashmir,
and the Pir Panjal range, which is another gigantic wall about 30 miles wide,
15,000 feet high, and in parts always covered with snow, on the south and west of
Kashmir.

The direct distance between the Punjab plains and the Kashmir valley is about
{00 miles, and the climb up is from about 800 feet to 15,000 feet (see sections), while
the direct distance from the plains to the Kangra and Kulu valleys is only about
28 miles. Thus, it would appear, a sufficient barrier keeps out the anopheline from .
Srinagar ; and if he got there, it is not likely he would thrive. v

As to the two species found, Ne Willmorei has a very large distribution in the
Punjab Hills and has been found to harbour malaria parasites in a state of nature,
A barianensis is a very uncommon mosquito and was first found.near Murree,
Unlike most anophelines, its wings are not spotted.

To sum up in Srinagar and its neighbourhood, there is no endemic malaria ;
there are practically no anophelines jthere is a certain amount of imported malaria
with sexual parasites in the blood awaiting the visit of the anopheline ; but danger
of thus spreading the disease must be extremely small, as local conditions are
adverse to anophelines, and the possibility of an epidemic is ever so remote on
account of the robust physique and the well-to-do-even luxurious condition of the

" inhabitants.

. We are greatly indebted to and thank Lieutenant-Colonel Macnab, Dr. Mohan
Lal and the Dr. Neve for much information and help. .
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‘A SHORT NOTE ON THE RELATION BETWEEN THE' SEASONAL
BIRTH AND DEATH RATE CURVES

By Major ¥. C. Robertson, I.M.S., Sa'm'ttzz‘y Commissioner with the Govern-
' ‘ ment of India.

[r India the seasonal birth and death rate curves usually follow each
-other very closely, and this fact has gererally been interpreted as indicatin
‘a direct correlation between the two, and the high mortality during the first
year ot life has frequently been put forward asthe most obvious explanation.
An examination of the accompanying chart however, which shows the births,
by months, for the last 10 years in Bengal and also the deaths, for the same
period; distinguishing. between those of infants under 1 year of age and all others,
.Clearly shows that this explanation is not the true one. From this chart it
is apparent that, while at the periods of minimum total mortality the ratio
of the infantile to total mortality (I use infantile mortality here in the sense of
mortality amongst children under one year of age) is approximately 1 to 4,
this ratio tends to fall, as the total mortality rises, till, when the latter is at
‘the maximum, it is 1 to 5. The infantile mortality, instead of tending to
force up the total mortality, inreality acts as a drag. Both have their
maxima at the same time, but the total mortality rises relatively higher, than
the infantile mortality and has really no direct connection with it. :

It is not sufficient however, where cyrves correspond ‘so closely, merely
to deny their direct connection but it becomes necessary to give an explana-
tion of the correspondence and of what is actually taking place. This, it appears
-to me, becomes quite clear so soon as we recognize that the similarity of
contour of the curves of birth rates and total mortality is'not due to any direct
connection between. the two, but to the action on both of the same outside
cause malaria. The relation between the seasonal prevalence of this disease
and the curve of total mortality requires no explanation but its connection
with the curve of birth-rate is not quite so obvious though apparently, as seen
in the chart, equally marked. '

The effect of malaria on the birth rate curve appears to be due to its action,
(8) in lowering the rate of conception, (4) in tending to cause abortion in
early pregnancy and (¢) in tending to  cause premature delivery in late
pregnancy. '

Assuming now that, normally, the number of women liable to conceive,
and the number of conceptions, would be approximately the same in each
month of the year the tendency of malaria prevalent from August to October -
would be:—(1) to abort the conceptions of June and July, (2) to prevent
conception from August to October, and (3) to cause premature delivery in-
the conceptions of the previous October, November and December.

The cumulative effect would be to cause a preponderance of women liable
to conception at the end of the malarial season and, allowing some time for
recovery, a large number of pregnancies starting from January to March and'
a high birth rate from October to December (the exact months would of
course vary according to the duration of malaria prevalence and its severity).
As this sequence of events is repeated year after year the effect would
become more marked. The birth rate and death rate curves are thus not directly
connected, and while each is influenced by malaria, the latter is influenced by
the malaria of the same year but the former chiefly by that of the year before,
The maxima of the two curves fall close together but this is only e coinci-
dence; due to pregnancy lasting nine months and malaria as a rule being
prevaient for three months,

That the above explanation of the similarity of contour of birth rate and
death rate curves is the true one is confirmed by the fact that, in places where
thereis a marked double malaria prevalence yearly, there is also, as we should
expect, a corresponding double rise in the birth rate curves.

1385C
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INTREVENOUS INJECTIONS AND SUBCUTANEOUS INFUSIONS OF
QUININE SALT SOLUTIONS.

By Major A. C, MacGslchrist, I.M.S.

With reference to intravenous injections, I merely wish to correct a mis.
.apprehension regarding the dilution recommended by me in Scientific Memoir
P}L. 41. In that memoir I gave 1in 150 as the strongest solution which could
safely be introduced intravenously without danger of zArombosis, but 1 did not
recommend the use of solutions of this concentration. On page 38itis stated that
“ preferably the quinine salt (e.g., about 7 grains of quinine bi-hydrochloride) should
be dissolved in fwo or three pints of normal saline”. 1 recommend great dilu-
#4on of the quinine salt. Quinine salt solutions 1 in 150 are very irritating. '

Subcutaneous snfusions.

Dr. W, M. James, Panama, has recently published a preliminary report on
the use of subcutaneous infusions of quinine salts t-150in preventing the develop-
ment of pernicious malaria, In Memoir No. 41 I made the observation that
quinine salts in a dilution of 150 or weaker, if injected subcutaneously, were ve
Zridly absorbed, but that for clinical teasons subcutaneous injections of this

ilution could not be employed for therapeutic purposes. Dr. James, however,
has apparently found subcutaneous injections of this dilution quite practicable.
My observation was based on the fact that in animals the injection of these
solutions invariably led to very extensive ulceration and the ulcers took weeks
and sometimes months to heal. Dr. James gave large doses subcutaneously in
this dilution, (e.g., 30 grains in 10 ounces of normal saline) and obtained excel-
lent results. He states that the infusion was taken up in two hours and was
not followed by any permanent induration. He used the bi-hydrochloride.
There can be no doubt regarding the rapidity of absorption, but I feel sure that
there must be extensive local disintegration of the tissues at the seat of infusion.
There will, however, be no precipitation of quinine or coagulum-formation and
possibly on this account the danger of tetanus will be much less than after
ordinary hypodermic injections.
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QUININE PROPAGANDA

By Dr. Chas. A. Bentley, M.B., D.P.H.,D.TM. & H., Special Deputy
Senitary Commissioner, Bengal.

Attention has already been drawn in another paper to the fact that the failure on
the part of medical men'to clearly distinguish between the disease which may result
from the presence of the malaria parasite, and the condition of mere parasitic infesta-
tion, has led to much confusion in the past.

And in no case has this confusion been more apparent than in discussions regard-
ing the prevention of malarial discase, and the relative merits of different measures of
sanitation directed against it. These discussions have usually taken the form of com-
parisons of antimosquito measures with those directed to popularising quinine. But
it is generally admitted that antimosquito sanitation properly carried out will prevent
the occurrence of infection, and is equally well recognized that, when infections have
once occurred, the use of quinine administration will check or control the manifestation
of disease which may result, so that the discussion of the relative importance of the two
measures 18 as futile a3 comparing the means to be adopted for preventing fires with
those that must be used to control an existing conflagration.

And just as the discovery of cinchona first placed in the hands of civilized man a
weapon whereby he could preserve his life when attacked by the malaria parasite, so
the discovery of the mosquito cycle of the maluria parasite placed within his reach the
power of avoiding all danger of attack, And it is certain that so long as the malaria
parasites continue to disturb man’s comfort and endanger his life, in proportion as
nations advance in civilization they will continue to make use both of quinine and
antimosquito measures to an increasing extent.

For many years to come therefore the increasing consumption of quinine by the
population of a malarious country will afford an index of advancing civilization ; and
unti]l malarial infection has been brought under complete control the diffusion of
knowledge regarding the remedy and the provision of facilities for its distribution
will continue to remain a responsibility of the State. '

At the present time the world’s supply of quinine is about 17,000,000 ounces
annually, sufficient according to the latest views to afford really efficient treatment to
about 18,000,000 cases of malaria.  India consumes each year about one-sixth of the
total quinine produced, sufficient to treat efficiently about * 3,000,000 cases of malaria
per annum, or to afford temporary relief to about 12,000,000 sufferers. But even if
India were to absorb the whole available supply of quinine, many cases of malarial
disease would still remain untreated. And at present, in spite of the fact that quinine
18 known by name in probably every village in India, only a fractional proportion of
those who annually suffer from malarial disease use it at all, and still fewer take it in
a manner likely to produce any appreciable cffect.

Although Government quinine is in salo in every post office in Bengal and by a
certain number of other vendors, the total amount of the drug disposed of through
these agencies represents a consumption of less than a grain per head of the popula-
tion ; and owing to the intense ignorance of the general public regarding its proper
use, it is probable that a considerable proportion of this is absolutely wasted.

A recent investigation into the amount of quinine consumed in a number of
dispensaries in charge of trained medical men (sub-assistant surgeons and assistant
surgeons) showed that 100,000 cases of malarial fover admitted for treatment received
a total of 197} Ib. of quinine or 1,380,750 grains of the drug, an average of 13-8
grains per case. This 13 about a seventh of the amount required to afford them even
temporary relief, and about a thirtieth of that required to effect a cure, and it ig
typical of the methods employed by the majority of Indian practitioners in the
treatment of cases of malarial disease. And if trained medical men wasto quinine in
this way, what can be expected of the masses of the population ? But the mere waste
of quinine is but a small evil compared to the bad effect produced upon both
patiests aud medical men by the inefficient use of the drug for the treatment of
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malarial disease. Unfortunately the patients who attend dispensaries are all aware
that they are given quinine for malarial fever. Thus all over the country month by
month medical men are busy convincing both themselves and many thousands of
unfortunate sufferers from malaria by the process of practical demonstration that
quinine is a more or less useless remedy for the condition. '

A consideration of these facts prompts the query—How does the general publie
in India obtain the knowledge of quinine ? o

The vast masses of the people are still illiterate and can only learn of quinine
by word of mouth, either from those who have made use of the drug, have heard or
have read of it. But as we have already scen the vast majority of those who receive
-quinine treatment must get in in such a manner as to obtain no obvious benefit from
it. Therefore the testimony of the vast majority of those who can speak from
experience must be against rather than in favour of its use. Unfortunately also the
literate population who may be able to gain some knowledge of quinine in other ways
than by experience or by word of mouth, although apparently in a position to obtain
better information than the illiterates, are really worse off under present conditions,
For althongh there are any amount of anti-quinine advertisements, handbills, pamphlets,
and almanacs circulated broadeast all over the country, pro-quiniue advertisements
are only occasionally met with. In Bengal, as was mentioned at last year’s malaria
conference, the campaign conducted by quack medicine veadors against quinine
has been 80 successful that the terms * Quinine Atkan jor ” and “ Quinine Abuand
jor” are recognized all over the country as referring to a condition of - fever
suppressed and rendered liable to recur through the use of quinine * or more literally
“a fever bound or fixed in the body by quinine.”

But in addition to the advertisements of quack medicine vendors there are other
agencies constantly at work prejudicing the population against quinine. Nearly every
village in Bengal possesses at least one kabiraj, to whom a very large proportion of
the people go when suffering from sickness, The majority of these men make a
point of warning their patients against the use of quinine. In recent years also a
number of other irregular practitioners have appeared who profess homeeopathy ; and
as is well known homewopaths invariably deery the use of quinine and attempt to
influence people against it.

. Thus numberless agencies are ab work among the population misdirecting them
in regard to the only potent remedy we possess against malarial disease, whereas the
measures adopted to educate the people in regard to its value are almost non-existent,
Here and there a few handbills or pamphlets are distributed by enthusiastic civil
surgeons and district officials ; and no doubt the example of the small number of
people who really know the value of quinine and use it acts as some slightly educa-
tive influence ; but on the whole the population is left pretty much to its own
resources for information regarding the value and use of quinine.

In the past it was assumed that the use of quinine among the general population
could best be extended by arranging that supplies of the remedy should be obtainable
either at cost price or below it ; and Provincial Governments have from time to time
earmarked special budget grants for the purpose of meeting the loss oceasioned by the
sale of quinine on these terms. The reason usually put forward in support of this

policy has keen that quinine is thus brought within the reach of the poorest classes
-of the community. '

But when we come to enquire into the class of persons who avail themselves of
-cheap Government quinine it soon becomes apparent that the vast majority of those
who purchase it are not the people who can barely afford to spend a pice on medi-
cine. People in this position do not usually buy medicine at all. 'The bulk of those
who purchase cheap quinine from Government vendors are either those who can well
afford to pay full price for the remedy, or those who buy it in order to retail it again
at.a profit. This has been more apparent in Eastern Bengal since the introduction
of the *“ ireatment system.” 1In one distriet the agent who disposes of the largest
amount of quinine “ treatments ” supplies the bulk of them to shopkeepers in a
neighbouring bazaar, who again retail it. The usual price at whieh it is retailed is
-one pice per tabloid. Careful enquiry has also brought to light the fact that even in
mufassal areas, purchasers of quinine are usually either subordinate Government



officials, or educated people in a good posil.un. And where a poorer class of Indian
is concerned he is usually the man who does: not hesitate to spend Re. 1 on a bottle

of Edwards Tonic, Rs. 1-4—0 to Rs. 1-12~0 on D. Gupta’s specific or from 8 annas
to 12 annas on a less well-known quack medieine. _ :

Tn some cases it has been found also that even highly-paid Government officials
not content with purchasing treatments in the ordinary way through a post office,
have applied for and sometimes obtained a single box of ten tubes direct from the
Civil Surgeon’s office, presumably in order to save the 7 annas commission allowed
to retailers. They have obtained in this way 200 tabloids at a price of Rs. 1-7-0
and at a loss to Government of about Re. 1. Had they purchased a similar quantity
of tabloids in the ordinary course of business from a druggist they would have to
pay about Rs. 4 for it.

It may be pointed out that such abuses as those mentioned above would not have
arisen except for the adoption of the pernicious policy of supplying quinine below
cost price. This policy was adopted mainly on sentimental grounds ; and is not only
economically unsound, but cannot possibly achieve the object intended, the populariza-
tion of quinine among the poor. , o

The original idea was that a single dose of quinine should be obtainable for a
pice ; and the amount of quinine at first supplied for this price was 5 grains. But
in Bengal this has been increased first to 7 and then to 10 grains. And at the present
time in the portions of the province not yet supplied with ¢ treatments ” a 10-grain
powder or a packet containing 3, 3% grain tablets of quinipe is obtainable at a cost
of one pice. _ ' '

But the pice packet system is open to grave criticism on several grounds. Inthe
first place a single dose of quinine, however large, cannot give even temporary relief
from an attacksof malaria, and the man who purchages one or even two or three pice
packets is virtually throwing his money away. The administration to an adult of any-
thing less than a 100 grains of quinine sulphate (or its equivalent) is not likely to afford
even temporary benefit in a case of acute malarial disease. This amount of quinine
if purchased in pice packets (10 packets) would cost 2} annas. Thus unless a man
can afford at least 23 annas s purchase of quinine under the pice packet system is
lurgely wasted. The pice packet system therefore actually tempts the poor to waste
their money fruitlessly. ‘

In those provinces in which the sale of quinine by post offices and other vendors
hds been put in an organized basis it is often assumed that other measures are not
required. And even when it has been urged that efforts should be made to-popularize
the drug and extend. its sale, the proposals usually take the form of a suggested increase
in the number of vendors.

But the mere increase in the agencies for the sale of an article for which there
is little or no demand is not likely to do mueh to popularize it and increase its use
among the people. Moreover an examination of the figures regarding the sales of
quinine in Bengal reveals the fact that at the present time the vast majority of
existing vendors of Government quinine dispose of an exceedingly small amount of.
the drug in the course of the year. As has been previously mentioned, the majority
of vendors of Government quinine are postmasters. Probably on the average each.
post office in Bengal serves at least 10,000 people, and in many distriets from 6,000
to 10,000 people are to be found residing within a two-mile radius of every poat.
office. In malarious areas nearly every one suffers one or more attacks of malarial
fover during the course of the year and yet in spite of the fact that the vast majority
of them know both that quinine is used for malaria and that it is obtainable close at
hand, only a fractional proportion of them avail themselves of it. In 1911, 4,114
vendors of quinine in the districts of Western Bengal, Orissa, Chota Nagpur and
Behar disposed of a total of 23,194,000 grains of quinine sulphate or an average of
nearly 18 ounees per vendor. Taking 100 grains as the minimum amount likely to
afford temporary relief in a case of malarial fever on the average each vendor sold
sufficient of the drug to really benefit 57 people. . 8o that on'the assumption that-

uinine was purchased iu this manner only 231,940 people or less than I .per cent. of
the population can have received benefit from it. ..
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During the same Xfriod 197,180 tubes of treatments each containing 204 grain
tabloids of quinine hydrochloride (a total of 80 grains) were sold-by post offices and
- other agencies in- the Eastern Bengal districts - which possess a population of over
28,000,000 persons. These figures show how small the demand for quinine among
the population really is. v ,

In 1911 in the Faridpur district 169 vendors of Government quinine disposed of
19,450 tubes of treatments or an average of 115 tubes each, but 104 of them sold
amounts far below the average and little more than a dozen.of them sold more than
250 tubes each. In the Dacca district about 250 vendors disposed of just over 12,000
tubes in the same period, an average of 40 tubes per vendor. Tn the J alpaiguri
district and Coochbehar, which is one of the most malarious areas in Bengal, 141
vendors sold only 4,680 {ubes of quinine, an average of just over 33 tubes per vendor.
In the Dinajpur which is also extremely malarious 84 vendors sold 7,510 tubes of
treatments or an average of 89 per vendor. From these figures it is evident that it
18 not the lack of facilities for obtaining quinine that prevents the rapid expansion in
its use. If each of the vendors mentioned above were to sell on an average only one
tube of quinine per day, the total sales in the four districts would increase five-fold ;
and as a matter of fact they could easily supply 50 times the amount without
inconvenience, if there were a demand for it.

It has sometimes been suggested that the popularization of quinine would be
turthered by increasing the profits allowed to the vendor. Butalthough the commis-
sion allowed to agents in Eastern Bengal and Assam has been increased to 30 per
oent. it has not apparently affected this purpose. And on theoretical grounds it might
hardly be expected to do so to any great extent. For if there is no demand for an
article it makes little difference to the agents who stock it, whether their legitimate
profit is 10 per cent. or 100 per cent. on the cost.. The present demand for quinine
in Bengal is so small that the existing vendors get a very small return for their
trouble. The profits received by the 4,114 vendors of quinine in West Bengal in
1911 only averaged Rs. 1-4-0 per vendor per annum. In the Faridpur district the
average legitimate profit on the year’s sales, in spite of the 30 per cent. allowance,
only amounted to Ks. 5 or about 6} annas per month; ard of the 169 agents only
18 earned an average of as_much or more than Re. 1 per month. The earnings of
vendors in the Dinajpur, Jalpaiguri and Dacea districts were still more meagre,
“averaging for the year less than Rs. 4, Rs, 2 and Rs. 1-8-0 respectively.

In the foregoing pages it has been shown that in spite of the fact that India
consumes a very large amount of quinine, a very small proportion of sufferers from
malaria make use of the remedy; and a still smaller number derive benefit from it
owing to the ignorant manner in which it is often employed. This general ignorance
regarding the value and the proper way of using quinine is due to the almost complete .
absence of educational measures in regard to it. The means that have been adopted
in the past with a view to popularize quinine have failed to achieve that object. The
pice packet system instead of benefiting poverty-stricken sufferers from malaria has
frequently caused them to waste money fruitlessly. And the selling of quinine
at or below cost instead of benefiting the poor has saved mainly the pockets either
of those who could afford to pay a full price, or those who wanted to resell the drug at
@ profit. The attempt to stimulate the sale of the remedy by merely increasing the
profit allowed to vendors has not produced any great expansion of consumption ;
possibly owing to the fact that demand is so small that even were 100 per cent. profit
allowed, the actual net returns obtained by many vendors on the sale of quinine’
would still be so small as to offer no inducement to push it. The mere increase of
agents under these conditions is not likely to do much towards causing the masses of’
the public to appreciate quinine. :

A consideration of these facts points to the conclusion that the existing quinine
policy in Indiais a failure. And the cause of this failure is the lack of a business-
like organization for enlightening the general public in regard to quinine, creating a: -
demand for the remedy, and supplying the demand thus created. .

In Ttaly a special departiment whith controls the manufacture and distribution
of quinine and arranges for the education of the public in regard to it has been in-



existence since ten years and the results are shown in the quotation from a report
given below :(—

“ The issue of quinine has increased from 2,242 kilogrammes in the financial
.year 1902-03  to 23,685 kilogrammes in the financial year 1908-09 " and the net
¢ profits of the administration of State quinine have in consequence increased from
« 84,220 Lire (about Rs. 20,317) to 769,809 Lire (about Rs. 4,567,073). These profits
“ are not dealt with as ordinary State revenue, but are applied to combating malaria.”

~ Some such policy as that indicated in the above paragraph is urgently required
in India.

Europeans and anglicized Indians, troops both British and Indian, the jail
population, sufferers admitted to the large hospitals and mission dispensaries, and tea
garden coolies, are probably the only persons really receiving adequate quinine treat-
ment. Other sufferers from malaria either get no quinine at all or receive it in such
inadequate doses or for so short a time that it does them little or no good.

Broadly speaking we may divide sufferers from malaria into two classes : those

who can afford to pay for treatment and those who cannot. Under the existing

system the vast majority of those who can afford to buy quinine do not do so and of

the few that do, some obtain Government quinine at below cost and the others obtain

it from dealers often at an extravagant price. The class who cannot afford to buy

quinine are not benefited in the least by the cheap rate at which it is sold by

“Government, and as we have seen, the gratuitous treatment they get at rural dis-

pensaries is often hopelessly inadequate.

The remedy for this condition of things is to be songht in the complete reorga-
nization of the system under which Government quinine is at present supplied
to the people. More quinine must be sold and far more quinine must be given
away, The only rational way to sell an increased amount of quinine is to set about
creating a demand for it. To this end therefore arrangements should be made for
selling quinine to the general publi¢c in a businesslike manner.

It is now generally recognized that the minimum amount of quinine required to
eradicate a malarial infection is about, one ounce. To effect a cure a simple method
i8 to administer about 20 grains a day for three weeks. The simplest way of adminis-
tering quinine is in readily friable tablet form ; and 31 grains is a suitable size for
nearly all purposes. To afford even temporary relief from an attack of acute malaria
a minimum of about 100 grains of the quinine sulphate or its equivalent is required.

"Two sizes of bottles of quinine tablets should therefore be put up for sale to the
general public, one containing 126 31-grain tablets and the other about 30. The
former should be labelled as a “ complete treatment ™ for malaria, the latter as a
* relief treatment ”” and this latter point must be emphasized. Full directions should
be given as to dosage, and the wrapper should contain a short history of quinine and
-an account of malaria. Instead of being sold at a loss or at cost price, these bottles
should be priced so as to allow a small profit after meeting all commissions and
discounts. -

- Having arranged for the supply of bottles of tablets put up in this way, they
should be extensively advertized. Every newspaper in the country should contain an
advertisement, unless its circulation was hopelessly small. And as the quinine should
be intended for sale to the general public, the newspapers circulating among the
European population should not be omitted in the scheme. The aim should be to
~sell a sufficient amount of quinine on terms that would be advantageous to the ordinary
purchaser and yet allow a sufficient profit to produce revenue which might be expended
1n special grants of quinine for free distribution to the poor through existing dispen-
-saries and hospitals and other trustworthy agencies.

There is no reason why 50,000 pounds weight of quinine should not be sold in
this way every year. This amount would represent about 800,000 larger size bottles
~of tablets. And at a profit of only 1 anna a bottle the net revenue of Rs. 50,000
would be obtained. A more suitable profit would be 4 annas on a larger bottle and
1 anna on a small bottle. And this profit wouid give Rs. 2,00,000 revenue on 50,000
Ib. of quinine. With this amount of money it would be possible to supply some-
“thing like 25,000 Ib. of quinine in the form of free grants to supplement that already
«distributed to the poor by dispensaries and other institutions.
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The existing organization for the distribution of quinine to vendors in rural®
districts is badly in need of reform. At present in Bengal the civil sargeon’s office
in each district is the distributing depot, and the civil surgeon’s clerk is the man-
who sees to .the distribution of quinine to postmasters and other vendors. But
this system is most unsatisfactory for it often happens that postmasters have to
apply again and again before they can get their orders filled. This is because the -
whole system is a makeshift. It was originally introduced as an experiment and
because it was thought to be a cheap way of getting the work done;and though a
very inefficient system it has been allowed to become permanent.

In rural distriets it will be necessary to rely upon existing retail vendors for a time ;.
but experiment should be made at first in one district in regard to distribution
methods. In the chosen district one agent should be appointed to look after the sup-
ply of quinine to retail vendors ; and the depots for quinine should be the treasuries -
and sub-treasuries of the district. The officer appointed to look after the quinine
should be required to deposit security equal in value to the largest amount of quinine
which would at any time be in his control. He should receive asalary and a small
commission on the sales. His duties should be to travel round the district supplying
retail agents with quinine and pushing the sale of the remedy by every possible means.
He should be allowed to supply selected persons with a limited number of bottles of
quinine tablets in advance of payment, collecting the price of any bottle sold at his
next visit. As be would only receive commission on cash actually paid into the-
treasury there should be no great danger of loss or fraud, so long as adequate
security was originally insisted on.

In the district or districts selected for this experimental organization, ever
available method of interesting and edueating the general publie should be adopted
in addition to the newspaper adverfisements. Lessons and lantern lectures should
be given in every school, and other suitable places ; placards and posters should be -

used freely ; and almanacs, handbills and pamphlets should be distributed after each.
lecture.

It should be easily possible by these means to increase the sale of quinine in a
distriet from b to 10 times# within a very short space of time. In the rural districts -
probably more * relief treatments ” would be sold than * complete ” ones, 1f 80,000 -
of the former were sold in the experimental district at a profit of 1 anna a tube, a

total amount of Rs. 5,000 would be available for expenditure on grants of gratuitous
quinine to dispensaries, ete., there.

In conclusion attention must be called to another matter. If the consumption
of quinine expands to any great extentin India, which already takes one-sixth of
the world’s supply, the price of the alkaloid will speedily rise. The bulk of the
world’s supply now comes from Java. But at one time Ceylon produced a consider- -
able amount of cinchona bark. In 1888 15,000,000 Ib. of bark was exported from.
the island ; but in 1910 the exports had fallen to 80,000 1b. For a number of
years past quinine has stood at such a low price that the bark producers have had
but a small margin of profit. Under these circumstances it is hardly likely that they
have continued to plant largely in the face of stagnant markets ; and there is a great.
risk therefore that a rapid advanee in price of the drug may take place at any time.

At the present time there are some thousands of acres in India planted with
cinchona trees; but in order to minimise the risk of a great enhancement in the -
price of quinine in the early future it would be well if the acreage under cinchona.
was largely extended. Once in the past the policy of the Indian Government led to--
the whole world benefiting by a supply of cheap quinine ; and it is quite possible -
that if India takes steps to extend the culture of cinchona at the present time she-
may not only protect her own interest, but once agair benefit every malarious country-
in the world by ensuring a continuance of the inestimable benefits of cheap quinine..
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'SCHOOL QUININISATION EXPERIMENTS IN THE UNITED
‘ PROVINCES

By Major F. D. Graham, M. B., D.T.M., I.M.S., Special Malaria Officer,
United Provinces.

The various methods of quinine prophylaxis employed throughout the
malarial world have one feature in common—their dependence for success
upon some degree of discipline or control in the community being quin-
inised. Organized communities such as jails and asylums labour under such
a considerable advantage in this respect that they are looked on as eminently
suitable for the adoption of such measures, with a reasonable assurance of their
being carried out in their entirety, When, however, we come to deal with the
civil community at large, the adoption of any scheme of prophylaxis on a large
scale becomes difficult, if not impossible, both from the point of view of organi-
zation and from that of expense, while the results accruing are likely to be
uncertain. In the civil community, however, the school organization comes
perhaps nearest in point of discipline to that of such examples as we have above
cited, and the scholars while they are in actual attendance, can be controlled just
as effectually, The experiment of prophylaxing the scholars in a selected
number of schools in any district has then as desiderata in its favour the facts
that the .community concerned consists of children or young adults well or-
ganized and disciplined during seven hours of each school  day, who are highly
susceptible to malaria, and who are, moreover, in process of mental moulding,
keenly observant, fairly unbiassed and in a position to remember any object
lessons and perhaps retail them at home==in short a community whose powers of
disseminating information are considerable. If we add to this the enormous
force of example, we are, I think, at liberty to assume that such an experiment,
even in.an ordinarily mild fever year, has a. very definite educative value for
the general community which no crusade of oratory or pamphlets can either
approach or supplant.

The first attempt at school quininisation experimentation on systematic lines
in the United Provinces was made in the district of Muttra by Major Robertson,
LM.S., in the rains of 1909, when the country was beginning to
recover from the heavy toll thathad been exacted by the epidemic of 1go8.
Muttra had been the worst affected of all the districts in the provinces and” the
passing of the epidemic had left its mark on the bulk of the population
under ten years, so that huge spleen indices, very large spleens, mixed infections
and relapses, were ‘the features of the school examinations then undertaken.
Though Major Robertson did not write a report on the experiment, the writer
understands that he systematically quininised a large number of the worst
schools during three montbs, and that, at the end of the period, the results
were regarded as eminently satisfactory, and of sufficient value to suggest
more detailed experiments on similar lines in the future. Such an experiment
was undertaken by the writer in the rains of 1910, in the district of Budaun,
a district which had suffered severely during the epidemic of 1908, and
where the district authorities seemed specially keen on working at the pro-
blem and’ on giving every assistance, The results of this experiment have been
recorded by the writer in a “ Report” addressed to Government in February
1911 and since published,

In this report is recorded a full and detailed outline of the whole experiment
with the conclusions arrived at, and, as the report was circulated throughout the
province, every opportunity .was given to the different district authorities to
digest the details, and modify them to suit local requirements if they felt inclined.
The results recorded were distinctly satisfactory ; but, as the autumn of 1910 had
not a severe malarial incidence, it was thought desirable to attempt on” similar
lines, inthe autumn of 1911, the quininisation of a series of schaols in two badly
affected districts, and the districts of Meerut and Aligarh were chosen. These
districts, which are situated in the Jumna-Ganges Doab, are highly canalised
areas, well supplied with schools, and very -accessible, and have shown over a
long period of years continued heavy mortality from endemic malaria, as well as
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very heavy mortality on occasions from . epidernic ‘malaria, so “that they were

considered eminently suitable. It is with' this later experiment, then, that the
present paper will chiefly deal.

General Arrangements.—In consultation with the district officers, a typical
series of school was selected, embracing practically all the district climatic
peculiarities. Sample. head lines of a quinine attendance register had been
previously distributed throughout the schools to be visited, and by the time of .
my arrival, all schools had been provided with identical registers in which the.
scholars’ names had been entered class by class. These registers showed’
columns for class number, name, sex, age, spleen, general health, dose, dates of
dosage and remarks. Personal examination of every child in every school at the
inception of the experiment, to note the size of spleen, general health, and age, ,
and to fix a prophylactic dose calculated on age.and physical development,
though tedious spade work, can rapidly be overtaken in these days of motor
transit, whilst a similar personal examination at the termination of the experi-
ment made the data complete and comparatively free from error, which they
would: not have been, had this been delegated to subordinates.

Distributisn,—To eliminate as far as possible any local bias against the drug,
its distribution was entrusted to two sub-assistant surgeons, for whom a weekly
cyclical programme was drawn up, embracing the majority of the schools in each
district, though a few schools because of their inaccessibility had to be entrusted
to the'sub-assistant surgeons at district dispensaries, whilst in several instances:
district sanitary officers assisted. In this way the general accuracy of the-
tabulated results was ensured, whilst each school was able to be seen twice-
weekly in 1911, a factor of some importance. ‘

Quinine.—Quinine in the form of the sulphate in 1910, and of the bisulphate-
in 1911, was issued throughout all the experiments in uncoated tabloids of %, 2,
3 and § grains, given dry, and washed down with water, and was swallowed with=
out difficulty. The stock was kept in the 1910 experiment with the Civil
Surgeon of Budaun, but in 1911, with the respective District Board Secreta-
ries of Meerut and Aligarh, and was issued as required (usually weekly) to the
distributors. Throughout the whole period very few cases of intoleranck were:
réported, and conscientious objectors, though they existed and were respected,
never established cases really worthy of consideration.

Dosage.—The question of dosage the crux of any prophylactic experiment
was necessarily experimental, and was fixed as low as possible and in many cases
too close to the border land of inefficiency. The adult dose was fixed at_ grains,
18. A useful method was evolved of adding 4 to the age and making this the
denominator of a fraction the numerator of which was the age. Thusfora boyaged
six, the fraction of the adult dose was €/64-4=6/10 or 3/5 or about 10 grains
weekly. This was given irrespectively of evidences of malarial infection such as
enlarged spleen, general appearance or history. Inthe 1gio experiment single
weekly doses, and bi-weekly doses on successive daysand on intervening: days,
with grains 8, 9, 10, 12,15, 16, and 20 weekly were tried, giving in all eleven -
bases of dosage ; but in practice this was found by its multiplicity to confuse the
issue. Accordingly, in the 1911 experiments, the weekly scale was limited to
grains 12,18 and 20, and was given twice weekly either on successive days or
with intervening days, giving in all 5 bases of dosage.

Girls’ schools, which had been included in 1910, were excluded in 1911 be-
cause of the unreliability of the registers and the irregular attendence. The test
extended over the three fever months, Augnst, September, and October, and into
November in one case, the final examination being concluded when-the distribue
tion had ceased.

Throughout the 1910 experiment, continuous weekly blood examination of
toved gamete catriers was attempted and gave some interesting information;
Jut, owing to paucity of gamete infections in 1911, it was abandoned. Local

conditions were, however, considered much more in the 191t experiment than
previously in arranging the programme of schools, and' also- influenced  to some
extent the basis of dosage. This we shall see was attended with benefity
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In;trying:to deduce from. tables-of results the.respective. values. of - different
bases of dosage, as onme: is very tempted to do when:looking-for practical conn.
clusions, the reader is marnedwof;tgevnumerouaf.pi'tfa‘lls which, .beset him, owjng:
to‘many . other factors than the mere quininisation coming-in to:inflizence these:
results, so that too much importance should not be placed on them.

The choice of schools in both Aligarh: and Meerut was influenced  to some
extent by a perusal of the malaria intensity figures for- thirty-two years of the:
rural circles of the districts, and the schools in both, districts assort themselves:
into four groups.

(a) A Khadir group.

(8) A canal or riverain group.

(¢) A road group (2 miles at least from. canals).
(d) ‘A town or city group.

1t is obvious that dosages only just sufficient to influence a group such as the
city.group, would be hopelessly insufficient to prophylax effectively a group like
the Khadir group, when it is remembered that the.spleen indices of the two areas
might: vary. between 5. per cent and 60 per cent. An attempt to cope with this
was:madé- by putting all such highly.endemic areas on the high scale of 18 or 20
grains, while the town group were kept on the lowest, 12 grains. In this way
tesults were found to work out very uniformly.

Let us now consider the results obtained in each of the three districts,

Dosace in relation to spleen.—-Observa}tiop_ of alterations in the existin%
splenic enlargements, if made by the same individual at both examinations, is of:
- considérable value.

I Budaun in 1910, 54 schools with 2,881 scholars showed a decrease of
spleens due to complete disappearance as measured by palpation of 584 per
cent ; a control of 247 non-quininised boys enrolled after the experiment had,
begun showing 30 per cent of spleens in November at a time when the quininised.
showed 7°6 per cent.

In Meerut in 1911, 45 schools with 2,648 scholars - showed " a decrease of
spleens due to complete disappearance of 483 per cent; a control of 703 non-
quininised scholars enrolled after the experiment had begun, showing - 15 per cent:
of ' spleens in November at a time when the quininised showed 7°6 per cent.

In Aligark in 1911, 48 schools with 3,254 scholars showed a decrease of
spleens due to complete disappearance -of 56'8 per cent ; a- control of 1,029 non-
quininised boys enrolled after the experiment had begun, showing 16'8 per cent;
of spleens in November at a time when the quininised showed 78 per cent.

Briefly the spleen rate of the non-prophylaxed boys. in November was prac-
tically the same as was that of the scholars in Jaly, while the prophylaxed boys
showed a reduction by complete disappearance of:about 50 per cent. This-
happened with every.basis of dosage even though cnly. a per centage varying

- from 797 to 883 of the available-quining was consumed. :

Twelve grains in the city was found to produce much the same percentage
of reduction as did 18 and 20 grains in the canal and Khadir schools, fe., the
proportionate reduction was much the same in all. By, grouping the schools
according to préximity .of spleen indices in periods of ten units each, 7., schools
with spleen index from o to 10, 10.to 20 and so on, we can contrast the dosage
effects. in comparable schools and this shows that 18 grains bi-weekly
“intervening”, and 20 grains bi-weekly “intervening”, are the most
" successful ; but, as already pointed out, too much reliance should not be placed
on any deductions one 1s tempted to make regarding efficiency of individual
dosages, though the figures indicate that such doses as grains 18 and 20, when
employed under moderately severe endemic conditions; are of unquestionable
utility in the reduction of individual enlarged spleens, when . gauged . by, numbers
“sufficiently large to exclude numerical fallacies.
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Dosage in relation to fever incidence.—The influence of different dosages on
fever incidence is another of the primary tests which enables us to estimate the
success of the prophylaxis. The percentage number of cases in which fever
-occurred during the exhibition of the drug will more than represent the measure-
ment of failure to prophylax.

In Budaun in 1910 we failed to prophylax in 10'6 per cent of the pupils when
Bo'1 per cent of the doses were consumed.

In Meerut in 1911, we failed to prophylax 8 per cent of the pupils with 81'3
per cent of doses consumed.

In Aligarh in 1911, we failed to prophylax 94 per cent of the pupils when
76°5 per cent of doses were consumed.

In this connection we must allow for—
(a) previous latent infection,

(&) irregular consumption of dosage,

(c) defective diagnosis. As pointed out recently by Ross and Thomson
in connection with their enumeration experiments, it can hardly
be accepted, in the absence of accurate enumeration observations,
that apparent rises of temperature during a period of quininisation
are necessarily relapses or even malaria, and this factor alone
would go towards diminishing the apparent failure.

The point elicited however by the figures is that we were sailing close to the
border line of inefficient prophylaxis, and further, that the more thorough the
administration, the less was the fever incidence and spleen development. In
estimating - the relative values of individual dosages, grains 18 and 20
bi-weekly “intervening”, would appear to give the best results and
this too when applied to the severely affected riverain, canal and Khadir
areas, As has been repeatedly pointed out, it is premature to argue efficacy
of a particular dosage over others, when local conditions vary so greatly. ,A.
careful study of the available figures brings out clearly the necessity for graduat-
ing doses according to locality, and so making the prophylaxis less empirical. In
the Meerut district a grain 12 dosage in the towns does apparently what a grain
18 dosage does in the Khadir and riverain tracts, It would naturally be expect-
ed that a grains 18 dosage would do more in the towns than a grains 12 dosage.
The present tests do not touch this, however, but the figures prove that all
dosages ate efficacious when exhibited intelligently.

Various estimation methods which were studied have been omitted in this
general sketch, but appear in full in the original papers, together with a large
quantity of statistical proof necessarily omitted, and to these the reader is refer-
red for details. '

- Bloods.—In Budaun in 1910 the careful weekly examination of gamete car-
riers during the exhibition of the drug disclosed three conditions =

(1) Gametes or other forms are found right through the fever season,
even in cases where no absences are recorded, 7.e., where all the
quinine available has been consumed. This is especially marked in
malignant infections.

(2) Several infections, ‘mostly benign tertian, seem to be controlled from
the commencement, and to remain so till the end, ‘even in spite
of absences, and therefore diminished quinine consumption.

(3) Original infection is more or less controlled, but has a second infec-
tion, probably a reinfection, grafted on to it during the fever
season,

Curiously, recurrence of old infection does not always seem to vary inversely
as the number of doses, as one would expect, but other factors such as the
general health, degree of infection, and amount of the dose, all enter in to com-
plicate the issue.
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In Meerut and Aligarh in 1911, regular observation of the blood of gamete
carriers on the above lines was found impracticable. Though these schools
showed spleen rates varying between 36 and 69'2 per cent, and 8'1 and 56'7
per cent, respectively, the blood infections discovered were few, Meerut showed
134 per cent in July and 19 per cent in October ; Aligarh 34 per centin August
and 1 per cent in November-December. The malignant parasite predominated.
There is every sign that, despite the rainy season, not only did recrudescence
not take place in the majority of latent carriers, but that actual infections also
decreased, and it is more than likely that the quinine exhibited helped towards
this result.

Evidence of temporary immunity.—Reference to school registers shows
that thes percentage absence due to fever, after quinine distribution ceased, was
much greater than 1t was during the test; indicating that a degree of temporary
immunity existed during the test.

Stze of spleen.—In the non-quininised scholars seen in November, the fresh
spleens noted were proportionately larger than were those in the quininised
scholars ‘(z.., the increase in the non-quininised was greater than that in the
quininised).

Teachers and staff~—As the teachers form an adult community com-
parable in regard to age in all three experiments, they have been considered
together. .

Five hundred and ten teachers in the three experiments consumed 92'6 per
cent of the available quinine, and showed only sixteen cases of fever, four of whom
developed slight spleens. The average dose received was 14°1 grains in Budaun,
18:2 grains in Meerut and 167 grains in Aligarh. The figures show a high
degree of prophylaxis.

Cost.—The expenditure involved in such experiments is a practical point
which very often must decide for or against its adoption. The working expenses
of Budaun in 1970, inclusive of the pay and travelling allowances of the special
distributors, were approximately Rs. 1,163, or 6'5 annas per head; Meerut cost
Rs. 1,360, or 6'2 annas per pupil ; Aligarh Rs. 1,725, or 7 annas per pupil. In
all these instances the expenditure could be reduced to about one half by de-
pending on local distributors entirely; but in the tests the employment of special
men for the purpose was valuable us/ ensuring increased accuracy of work.
In the three experiments the District Boards supplied funds up to a certain -
amount, beyond which Government made a grant; but the fact that several
District Boards have sinceand are at present financing their own programmes,
bears out the writer's contention, that, practically, the cost can be reduced to
one half that given, or roughly, to about 3'5 annas per pupil for the fever
season.

Other points.—It would be helpful in new districts first to ascertain the
malarial conditions, both from malaria intensity figures, if available, and by a
perusal of local statistics, and in this way variation of dosage to suit locality
could be made possible. As a rule grains 18 should be the minimum weekly
dosage for the adult male community, and, given bi-weekly with intervening
days, it seems to afford the best results with the least disturbance; but, as a
working rule, smaller doses could be given in large towns and dry areas away
from canal irrigation. Registers should always be kept, as the mere fact of
having a register makes the distribution appear part of the school curriculum,
and ensures more care being taken over it.

Wherever it is attempted, a carefully thought out programme should be
worked out in advance before the onset of the rains.

Once the potentialities of a civil district as regards locality, spleen inci-
dence, and effects of dosage over one or two years are known, it should be
possible to frame a rational plan of campaign in regard to dosages, which could
be followed out from year to year, and modified to suit increasing or decreasing
fever incidence.

Qbjects .—1t may be asked what are the objects of such a crusade when
fever is mild. These may be classed under several heads.
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(a) Educative value.~To an active boy nothing can well be more impres-
sive than an untreated attack of fever which lays him low for several days,
-weakens him and keeps him from his games and from school.

What must be the effect on a group of boys, all of whom are being
quininised with success, when they see one of the class who has consistently
refused the weekly dose, or who has been absent so often as to have received
little or no prophylaxis, suddenly struck down or suffering severely from fever
while they escape ; yet this object lesson time and again was demonstrated in
class after class of the various schools. So marked was it that the masters
very often came to associate frequent absence with indifferent prophylaxis
and regular attendance with systematic dosage. Moreover, the illness of such
boys must have formed a subject for common gossip both at home and in the
play ground, thus impressing the family circle with the value of the drug. The
testimony to the increasing regularity of the attendances of the children in
the rains since the tests were inaugurated, was almost unanimous on the part
of both teachers and parents whom the writer saw, and quinine and this re-
gularity were placed in the relation of cause and effect, with some justification,
by most of them.

(b) Prophylactic and destructive aspects.——Fre\sh infection or reinfection
is thus prevented and the risks from latent carriers of infection are diminished.

(c) Dosage and therapeutic aspect.—Information regarding the variations
of dosage which appear most efficacious and the local conditions requiring that
these doses should be modified, is thus accumulated for future guidance, while
the direct effect on actual infection by diminution of splenic enlargement and
increased standard of general health isas important a consideration for children as
it 1s for adults.

Applicability— Any scheme on lines similar to those described, can be
initiated locally without such detailed examination as was made in these tests,
and, with the help of the district authorities, can be run by an intelligent assistant
surgeon or district sanitary officer, while the transition from a free issue of
quinine in the 1st year, to, in the 2nd year, a quinine register, for enroll-
ment on which a small inclusive charge for the season could be exacted, 1s
comparatively easy. This is all in progress at the present moment. Thus in
"1911, Budaun on its own initiative, after the success of 1910, carried through a
similar experiinent, when a proportion of the cost was borne by the scholars and
the remainder by the District Board, and the register enrollment was actually
greater thanin the year of the test experiment, 1910. Budaun is again doing
the same in 1912.

In addition, Meerut in 1912 is running a similar experiment with' 5,561
boys and 199 teachers, the greater proportion of the cost of this quinine being
recovered from the boys by a small fee for enrollment on the quinine régister.
No compulsion is being used. Another feature of the Meerut experiment this
year is a graduated scale of dosage to meet the potentialities of different localities.
This has been circulated to all Head Masters throughout the district, and, as the
distribution is in the hands of the masters, an attempt has thus been made to
get at Khadir and outlying schools which would otherwise be beyond a special
distributor’s help. The energetic Secretary of the District Board in Meerut is
responsible for this innovation.

Aligarh and Muzaffarnagar are also carrying out register distribution 'on
systematic lines this year at their own expense ; while three other districts are
running modified experiments. '

The popularity of these measures in severely affected tracts is undoubted, as
on several occasions requests were made to have the distribution continued for
another month after the date fixed for the completion of the test.

Conclusion.— It will thus be seen that as sickness from malaria is among,
the most frequent causes of irregular school attendance in the rainy season, as
with reliable uncoated tablets of quinine we have an elegant and exact means of
administering a preventitive and curative, as during 1910 and 1911 we have
demonstrated in three carefully applied tests its feasibility, its educative value both
to scholar and to the home circle, its salutary value both to uninfected children
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and to children already infected, its comparative cheapriess and its prevention of
irregular school attendance, school quininisation, as a general measure, has now
passed the experimental stage, and the principle of its applicability for all
district schools of the United Provinces and similarly affected areas during the
rainy and fever season should now be accepted. That many districts may re-
quire less than others, and in some years none at all, is quite intelligible ; but,
once the principle has been accepted, individual districts, with the expert advice
of their Civil Surgeons and others, could easily determine how far the principle
should be applied.

The details of these reports should not blind district authorities to the fact
that the mechanism is neither complicated nor expensive, that it can and has
been conducted by district authorities for an entire season without any outside
help, and that to obtain from it the maximum of benefit, continuity from year to
year in the same district is requisite.
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MALARIA IN ITALY DURING fgi0:
By Professor A. Celli.

Transiated from the oviginal by Major N. P. O'Gorman Lalor, H.8., D.2H,
1.M.S., Special Malaria Officer, Burma).

PREFACE BY THE TRANSDAT"OR.

No one who reads this thesis can, the translator ventures to think, aveid
the conclusion, that it represents one of the most important contributions which
Hdve been made within recent years towards the practical solution of the malarial
probiem.

Its distinguished author by abundant testimony conciusively Proves :ee

. (1) That quinine taken at an approximate daily rate of three grains in the
morning, and three at night, throughout the fever season by a healthy individual
in a severely stricken malarial locality, practically guatantees him against the
¥isk of maldrial infection.

L (ég_That quinine similarly consumed by every individual—whether pré-
sumably healthy or malarially suspect—in a malarial community, affords similar

and proportional guarantee as regards the community,

(3) That quinine taken in the prophylactic quantity mentioned, 18
absolutely devoid of harmful effect, proximate or remote, to the consumet.

, (4) That the risks to which subjects of chronic malarial infection are sald
to be exposed by daily quinine consumption, 17 :—

(a) Intracorporeal development of haemamaebic types resistent to
quinine (Chininfagten—malaria parasiten) and

(8) Quinine haemoglobin urea,

are assuming smaller and smaller proportions with our in¢rease
of knowledge, and are probably non-existent when quinirie is
taken with perfect regularity.

2 (5) That there is at present but one preparation of quinine suitable for

administration to young children—the tannate—and that it is best administered

made into a sweetmeat with chocolate. (This latter suggestion unfortunately
cannot be utilised under Indian climati conditions.)

He predicts a final triumph for prophylactic quinine which will transcend in
its significance the claims he so clearly substantiates for it at present, and inci-
dentally he discredits mosquito-destruction methods as ineffective.

.. ¢ Professor Celli’s presentation of this last conclusion is so dazzling at first
sight that, to preserve an even judgment, it is necessary to view it in perspective.

ith regard to the practical problem of malarial extermination there are at present
two schools of thought,

. .~. ,The Anglo-American school, taking justifiable stand upon the brilliant
" results achieved by mosquito-destruction methods in the Suez and Isthmian
Canal Zones, is inclined to give mosquito-destruction methods perhaps undue
prominence.

. The continental school, following the brilliant results attained by quinine proe
phylaxis in Italy, is inclined to pin its faith exclusively to that measure.

For either method to be exclusively applicable, it would have to be proved—
(o) that it is intrinsically perfect, (&) that it is perfectly adaptable in all practical
circumstances.

As regards mosquito-destruction if we neglect accidental but important
factars, such as the opportunities afforded by the centripetal movements of tndisg-
. #»ibl 1abour for multiple infection from a single anopheline carrier (for example by
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a crowded coolie barrack), we should éxpect the intrinsic perfection of the method
to be governed by certain axioms. These might be expressed as follows:—

(1) The number of anopheles of "malaria-carrying species in a locality
should bear a constant ratio to the superficial area of the water collections in
‘which anopheles of that species breed.

(2) If the area of such collections be reduced, the number of such
anopheles should be reduced in corresponding proportion.

(3) The number of individual anopheline sprozoit carriers at the height of
the fever season should bear a constant proportion in ordinary years to the total
number of anopheles of the same local species.

(4) Diminationin the number of local anoplieles of malaria-carrying species
should—as a consequence of the preceding axioms~-be accompanied by corress
ponding reduction in cases of human malarial infection.

The life history of anopheles and its réle in malaria are not susceptible of
such simple axiomatic presentation as this.

As regards the Prophylactic use of quinine—if we neglect to consider that
centrifugal tendency of agricuitural labour, which tends constantly to carry
individual labourers out of the zone of prophylactic operations—we should expect
the intrinsic perfection of the method to be such, that once it had been pursued
in a severely stricken malarial and stationary community to the point of practical
disappearance of the disease in the human™ being, it could be completely and
universally stopped without any risk of subsequent local recrudescence. Ifs con-
tinued use should in fact have converted the area from a malarial into a healthy
one.

Professor Celli himself would hesitate to claim so much for prophylactic
quinine af present,

Neither method, therefore, so far aswe at present know, is intrinsically perfect,
How much less is either method perfectly adap:able in all practical circumstan=
ces. There is—to employ a mathematical metaphor— a fourth dimension to the
malarial problem ; and its attribution to “ those laws of cyclical revolution which
dominate the biological field ” is devoid of immediate practical corollary.

With reason therefore has the translator asserted that “ no single measure is
by itself effective in reducmg the ravages of malaria amongst fever-stricken
populations . (Investigation of Malaria at Kyaukpyu, page 25).

We are not within measurable distance in India of the voluntary acceptation
of prophylactic quinine by the peaple, even to the extent—defective as Professor
Celli shows—to which it obtains in Italy.

There is in India an influential body of interested quasi-professional public
opinion, supported by the more reactionary (not always unfortunately the least
educated) amongst the people. This opinion is actively hostile to the use of
quinine, even in the treatment of malarial fevers—much more to its use in their
- prevention. It is recruited from the ranks of practitioners of old and obsolete
systems of medicine which, devoid of accurate scientific basis, are as remarkable
for the poverty of their results in general, as they are for astounding and semi-
miraculous cures in particular ; cures which unsupported by published circumstan-
tial detail, and devoid of a shred of scientific proof, are conveyed from mouth to
mouth on hearsay evidence.

Professor Celli contrasts the prophylactic use of quinine with what is termed
in ltaly, its use in “human reclamation’; that is to say in the inter-epidemic
treatment of fever subjects, chronics and the malarially suspect. This use of
quinine, confined to inter-epidemic periods, is foreign to lndian conception.

“The translator has advocated the prompt and continuous treatment with
quinine of malarial subjects acute or chronic (including children who present
splenic enlargement) all the year round and especiasly during the fever season.

his he has termed ‘ Quinine phylaxis "—and it does not appear from Professor
Celli’s account that this method of using the drug (the most thorough method as
feglarcis the general population at present feasible in India) has been condemned
n ltaly.
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. So-far as extending the use of quinine is concerned, we are confined in
India to active educational propagandism, to the employment of travelling
dispensaries in malarial tracts, and the placing of quinine—in a cheap and reliable
iormﬁ—-within universal reach of people who choose to avail themselves of ‘s
benents. =

Unable to give practical effect to the conclusions of Professor Celli with
regard to quinine prophylaxis, we are constrained in India and Burma to take a
wider and more catholic view of the malarial problem ; welcoming, not one alone,
but all means suggested tor its solution, and employing these in suitable and
varying combination, : '

In ltaly, while the universal use of prophylactic quinine appears increasingly -
feasible, the proscription of cultivation within a defined area surrounding towns
and villages would appear to be more difficult. In India, while the first of these
measures is not within measurable distance of realization, the second is susceptible
of wider application. Ina word, we are obliged to adopt in India and Burma,
a width of view as regards the malarial problem, proporfional to the vast size of
the Indian peninsula and the immense variations to be found, as regards malarious
Flaces, in the topographical and economic conditions under which the people
i

ve. ,

But there is no worker, however humble, in the Indian malarial field, who
can fail to feel deeply indebted to Professor Celli for this masterly contribution to
the practical solution of the malarial problem. We have been taught to expect
nothing less from the Professor’s able pen, and by its exercise on this occasion
our expectations are fully gratified.
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MALARIA IN ITALY DURING 1g1o.
Pyofessor Cells.
(Published by the Italian Society for Malarial Research.)

PART I

EPIDEMIOLOGY OF MALARIA.

1. General History.—During 1910 the periodic recrudescence which started
Jin 1909, continued in the Venetian Estuary, in the Veronese flats, in the district of
Grosseto, in the Pontine marshes, and particularly in the district of Crotona where
certain localities (Crucoli Ciro, etc.) became vast hospitals, so to speak, of the
malaria.stricken ; on the other hand it underwent diminution to some extent in
the Roman plain, and ceased in the district of lower Polese.

Speaking generally the annual fever season of 1910 was mild in the south
(districts of Benevento, Puglie, divisions of Cosenza, and Reggio Calabria). It
was correspondingly mild in Sicily and Sardinia.

Progressive diminution almost ending in disappearance of malaria continued
‘likewise in the districts of Vercelli and Novara in Lombardy, and even in the city
of Mantua which ten years ago was scourged with the disease. Where the year
was one of more serious prevalence, it is nevertheless possible to assert that this
was much less the case in several localities where the anti-malarial operations of
-our society were assiduously and energetically carried on. From a comparative
international standpoint, although we have some partial and localised recru-
-descence (Orano Railway), malaria was milder in Algeria than in 1909, as was
‘the case with us all over the south and in the islands.

In Greece also following the recrudescence of 19og intensity of prevalence
descending by regular stages through latter years reached a minimum of 170
‘deaths only in 1910. In some localities there was, however, a limited recrudes-
_cence. It is worthy of remark that in north-west Germany certain foci of malaria
which at the end of the last century appeared spent, have awakened to fresh
activity during the last decennium.

Some further light has been thrown on the history of malaria in the past.
According to Doctors Messineo and Mazzolani, the periodic recrudescences
characteristic of past times, are starting afresh in the Fondi plain as far as the
confines of the Pontine marshes, and the same is true according to Professor
G. Rossi of the site of the former Fucino lake and of the tmaritime zone of
Macerata Division, which up to the present have been numbered amongst the

.areas exempt from malaria.

2. Aetiology. - Diagnosis of latent infection.—In the most infected zones of
Bulgaria near the Black-sea the parasitic distribution was as follows :—

Aestivo-autumnal ... w51 per cent.
" Simple tertian e 48,

Quartan res e 2y

* * * A #* » *

In Sicily (Caltanisetta) Doctor Janni confirms the more or less, long latency of
plasmodia of primitive infection, in individuals according to all clinical appearance
exempt. He asserts moreover the discovery of the parasite in the blood at
suppurative foci (acute and chronic abscesses) even when absent or very rare in
the peripheral circulation, and he finds it especially in individuals at the clinical

1388C
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fastigium of non-malarial fevers, under which circumstances it appears to lead a
saprophytic life, becoming at the' same time less subject to the influence of
specific remedy.

Doctor Barbagallo in Sicily (Catanian plain) commonly observed in residents-
of malarial places at intervals severe hemicrania, intercostal neuralgia, lumbago,
or pains in the bones for some hours, accompanied by general malaise, nausea,
and exhaustion, but without any fever. In this way the strongest of men might
be seen to become anzmic while afebrile, if through absence of fever he had no
recourse to a medical man, or consulted the latter only when overwhelming
debility compelled him, Especially at the height of these disturbances was it
possible to find some @stivo-autumnal parasites in the peripheral blood.

- Such cases may be more common than they appear, and although they
attract no attention, are all the same a dangerous nursery for the perpetuity of
the disease,

In Sardinia it is confirmed that sick admitted for severe malarial fever may
be affected instead with single or mixed melitensis or other infections in the
proportion of .33'33 per cent. of a total or of 92 sick who were examined
bacteriologically.

_ Fermi and Lumbau in their turn have repeated their experimental research
as to whether anopheles can transmit malaria without being infected from the
blood of man, and whether they can transmit it after having bitten animals. (bats,
birds, and amphibians). The results in both cases continue to be negative, The
hypothesis was also reasserted (Janni) but not demonstrated, of direct inoculation
through the bite of domestic blood-spcking insects (fleas and bed bugs), such as
happens after puncture by a needle smeared with malarial blood.

3. Relapses in Malarial Fever.—According to Frongia in Sardinian miners.
the subjects of lead poisoning, there is a latent malaria which breaks out in the:
form of relapse during an attack of lead poisoning.

4. Annual course of Primary ond Relapsing Fevers. Anwual: epidemic
types.—Whilst in the province of Catania especially in the Crotona district duririg
1910, the south Italian or severe malarial type persisted,—in the neighbouring.
division of Reggio Calabria the north Italian or mild malarial type was uniformly
more marked ; this latter statement is even more true of Sicily and Sardinia.

In those of our large islands which are very hilly with sparse stretches of
level ground, the south ltalian type has become increasingly rare in latter years.
To this fortunate result the increasingly extensive use of State quinine must have-
contributed in no small degree, since it was especially marked during the seasons
of periodic recrudescence of the disease.

5. Bionomics of the mosquito in relation to Malarial prevalence.—Doctor
“Casu after very accurate study over an extensive period at the lagoon of Santa
Gilla near Cagliari, has written a preliminary essay on °botany in its relation to-
anopheline fauna,’ in which is comprised a minute investigation of the marsh flora
of fresh and of some brackish waters.

Marsh plants and anopheles larvae are sociologically related organisms; but
the first can live in the absence of the second in collections of brackish water in
virtue of their greater saline resistance, and are not therefore, in the absence of
other evidence, an index of malarial paludism.

Ob the contrary they become gradually less with the approach of the sum-

mer season. This is the very season of fever, despite more intense and energetic
 evaporations of fresh water and contraction of streams flowing into the lagoon;
both of which causes increase the saline content, and destroy or suspend ano-
pheline aquatic life. Professor G. Rossi with characteristic diligence has de-
scribed two zones which were for many ages malarial, v75., the ex-lake Fucino
and the valleys of Loreto and Resanati; the last periodic recrudescence in the
two latter was between 1830 and 1896 ; these now furnish typical examples of
paludism and anophelism without malaria. In Algeria the zone or radius of
propagation of malaria across flat country—that is to safy of mosquitoes in direct
flight uninfluenced by wind or other agency-varied from 1 to 4 kilometres

according to lacality.
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__The suggestion of a ‘zone of influence * with respect to estates and surrounde
ing habitations—be it deleterious (as in the case of marshes) or beneficial (as in
~ the case of combined water power and irrigation works)—again arises, and gives
occasion for arduous controversy, especially with regard to the working of our
laws of bonificazione. Evidently therefore it is necessary to treat each case as
an individual one, and with but approximate hope of accuracy.

6. Relation between infection of Anopheies and Malarial prevalence
According to Mathis and Leger, not only Myzomyia (Nyssomyzomyia—James
and Liston) Rossi, but also Myzorhynchus Sinensis . pseudopictus, and Myzor-
hynchus Panctulatus (Nyssomyzomyia Punctulata-—James and Liston) are not
infected by sucking malarial blood, and accordingly take little or no part.in
originating or conveying malaria. Their prevalence would thus explain anophelism
with little or no malaria-~in marshy localities, in the rice cultivation of the
CochinChina delta and, according to Mazzolani, alsoin Yunnan. In our rice
fields of Piedmont and Lombardy where malaria is disappearing, Anopheles
Claviger has for long outnumbered Superpictus, and it would be interesting by
conducting more accurate experiments to determine the infectivity or otherwise
of this mosquito.

7. Agriculturé and Malaria. —In the Division of Reggio Calabria it is
established that intensive cultivation in no degree lessens malarial prevalence, but
on the contrary sometimes increases it when no regulations are made at irrigation
works (a matter not always easy or useful) to secure the drying out of all pools,
and the protection of labourers and night inspectors.

More rational cultivation in marshy localities limits or reduces anophelic
influence only in part, and though it proves beneficial—whether because of better
nutrition arising from more abundant and varied products of the soil, or because
of the possession of house, and clothing, with a less precarious mode of life—wit
fails, notwithstanding, by such indirect means to preserve man from malaria, unless
prompt ard immediate medical—especially quinine—prophylaxis comes to the
réscue. Emigrant agricultural labour furnishes the sole explanation of delete-
rious influence in the diffusion of malaria in areas usually immune, as well as in
stretches of extensive cultivation, or tillage wastes. Doctor Sinisi records with
Aleardi that in Tavoliere delle Puglie as in our Pontine marshes :—

“The mowers come in thousands, as the pangs

Of cruel hunger urge their footsteps on.

Their aspect is of those who go in gangs

To exile, and their faces sad and wan

Keep mournful company with the tears that dim

Their brown eyes, as they breathe the poisoned air

Some voices stilling ere the Harvest Hymn. ” :

And the gleaners—without shelter, withoat sufficient food, without any

quinine, and subjected to the hardest conceivable privations—are worse off again
than the mowers.

Doctor Colucei confirms the statement that the peasants of Puglie are
especially harassed by malaria, owing to the custom they have of repairing for the
‘mowing and threshing season to Calabria and Basilicata, where—herded in groups
of 50 to 100 or more—they sleep in the open after days of strenuous labour, with
every risk of contagion, As railway medical officer he aided for over five years
the periodic summer autumn passage through the station of Metaponto of these
herds of human flesh conveyed in holocaust to fever.

As regards the relation between Climatology and Malaria it is found here in
Lazio that the torrential Sirocco spring rains are not a necessary prelude to, nor
do they intensify the summer fever season ; further—and this is especially true of
Algeria—that the autumn epidemic is usually prolonged if hot weather lasts till

- December, :

. According to Memmi in the district of Grosseto ameliorated economic con-
ditions do not confer even relative comfort upon the agricultural labourer, and
accordingly fail to react beneficially upon epidemic paludism.

The same may be said of other malarial regions where increase in daily
wages has been neutralized by rise in the price of food stuffs, and in every case is
powerless to modify the economic distress of our peasantry, especially in the great
tillage wastes. :
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8. Other predisposing causes eif E pz’d‘emic Malaria—Commencing with
organic conditions, it has been freshly observed in Cochin-China that all races are
subject to malaria, ‘Some however (Thais) become accustomed to paludal
surroundings in the sense not of true and undoubted immunity, but of facuity of
supporting the presence of plasmodia in saprophytic guise ; that is to say without
production by the latter of any pyrogenic or cachectic effect. ©

As regards the labourer it is established that miners, especially those of
.subterranean galleries, are more affected with malaria than agricultural labourers.

The facts are exhibited in the following table (after Frongia).
TabLE L

Malaria in the Miners of Savdinia.

MorTAL11Y %, MorpiLITY %
Years. Agri- Agri-

cultural Miners. cultural Miners,

labourers. - labourers,
1904 o2 1'38 7'6 20'0
1905 o " 0'2 1 B $ 4] 10'1
1906 oo 0'2 138 ) 43 | . 3053
1907 0’4 111 8 30°3
1908 o 0’4 11t 1’5 25'1
1909 e ver 02 I'I1 2'8 19'1
1910 o'z 1'1r 24 60

In Sicily on the contrary there are fewer cases of malaria amongst the
sulphur miners than amongst the peasantry of the same locality. It is not there-
fore improbable that lead poisoning to which the Sardinian miners are more or

less subject, predisposes them to malaria more than does subterranean labour
per se.

9. Pertodic course of Epidemic Malaria.—In the district of Vercelli, Northern
Italy, recrudescence continued, almost ending in disappearance of malaria.

* * © e * * * *
A similiar state of things obtained in Lombardy.  * * *

On the other hand in the division of Southern Venice the periodic decennial
recrudescence continued.

Tuscan Marshes.

The periodic recrudescence in the district of Grosseto which was noted in

the reports of the two years preceding that under review persisted in 1910, with
653 admissions to hospital. '

Lasio.

In Lazio—more especially in the Roman Campagna—the epidemic recru-
descence which started in 1908, lessened in 1910 both in distribution and intensity,
with a smaller number of cases of fever (only 1,775).

In the Pontine marshes on the other hand, the periodic recrudescence main-
tained about the same level as that of the preceding year.
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Southern Uontinental Italy.

Unfortunately of precise data for some years in succession, only those of the
Marcianise Hospital can be quoted. There the number of malarial patients
from 8 in 1908, and g6 in 190g, rose to 117 in 1910; hence the slight recru-
descence.

In contradistinction to all other parts of the southern mainland recru.
descence persisted in the district of Crotona.

Italian Islands.

The ever authoritative accounts of Professors Trambusti, and the reports
collected from our members, agree in stating that the epidemic of the past year
was relatively mild throughout Sicily.

The accounts of the ‘ Cagliari Society for Malarial Defence,’ and of the
Medical officers of the Royal and of Company railways, agree that—with the
exception of some local recrudescence—malaria throughout Sardinia continued
mild in type, though somewhat extensive in distribution,

10. Epidemsological Conciusions.—Whilst epidemic malaria as recorded for
1910 was progressively lighter in Vercelli and Lombardy, and continued mild but
somewhat diffused in South Sicily and Sardinia the exacerbation of the pre-
ceding year continued in Lower Venice, Grosseto, and particularly in Crotona,
where in some places (Crucoli Ciro) it attained graver pandemic proportiofs.

Concealed carriers of plasmodia were met with more frequently in general
than might have been expected; to. confine  attention therefore to the fever
stricken, the chronically affected, and suspects only (even were it easy to
diagnose-and cure the latter), could not bring about the extirpation of malaria;

It is otherwise confirmed that the mosquito is not infected after biting ani.
mals the subjects of infection by hamosporidia which resemble those of man, nor
is the latter infected by the simple bite of 3ninsect which has fed on malarial
blood. The annual epidemic type or cycle peculiar to mild malaria (North [taly)
shows a tendency to spread over the southern mainland and littoral (Reggio-
Calabria), and also throughout the ‘islands; not merely in consequence of spon.
taneous periodic attenuation, but—as we shall see-—especially in virtue of the
issue of quinine by the State.

From the flats of Polese, to Calabria and Sicily, it is reconfirmed that agri-
culture—even the most intensive—does not prevent periodic malarial recru.
descence, and asa rule arrests neither its gravity nor its diffusibility, which are on
the other hand, tenaciously maintained by the emigration of peasants from locali-
ties which are healthy to those which are febrile, and vice versa.

Increase in the wage of agricultural labour, contemporaneous as it was with
rise in the price of foodstuffs, and unaccompanied in areas subject to grave
malaria, by improved conditions of housing and farm life, has contributed in no
way to diminish the epidemic prevalence of the disease.

The periodic type or cycle of epidemic prevalence exhibits a general
tendency towards attenuation, and only where it exists disproportionately (Lower
Venice, Grosseto, Crotona) does it tend towards recrudescence,

. Through a mechanism ever obscure in its intimate nature, but in all proba-
bility in virtue of the marvellous intrinsic properties of the living protoplasm,
especially that of specific protozoa, much more than through eventual concomi-
tance of such extrinsic factors as climate, etc., cyclical laws or laws of revolution

"dominate the field of malaria, as they do that of all biology, and govern every
single febrile manifestation equally with every epidemic type, annual or periodic.

As in every febrile attack, so in every annual or periodic epidemic, there are
two phases, one of ascent and one of descent.

It is necessary to keep most exact account both of the cycle and of its two
phases, so as to ,be able not only to estimate the efficacy of every anti-febrile
- remedy, but also to assign just value to each of our prophylactic and an*
‘epidemic measures.
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vaxki IL
PROPHYLAXIS OF MALARIA,

In the past year 1910 again we were specially engaged in propagating and
spreading quinine prophylaxis ; but as usual we did not neglect the study of other
methods of freeing an area from malaria, especially reclamation by combined water
power and irrigation works. _

I shall first refer to the results obtained, and I shall then draw certain cone
clusions, )

A.—STATE QUININE,

This provident institution of ours resulted in a consumption (vide Table ITI)
of the precious drug in various forms (tablets, sweets, sterilized phials) whic
from 2,242 kilos in the first financial year 190z-03, rose to 6,174 in the second
year, to 14,061 in the third, 18,698 in the fourth, 20,715 in the fifth, 24,139 in
the sixth; fell to 23,533 kilos in 1g08-09, to 21,629 in 1909-10, and again rose
to 22,795 kilos in 1g910-11. . : _ -

Private enterprise continued the sale of quinine in 1910 importing into Haly
13,011 kilos. It is here advisable to state according to divisions for the financial

period commencing with July 1st, 1909, and ending on the 3oth of June 1910 :~—
TasrLe IL
The Consumption of State quinine.

o Total Consumption oz! ng:::::se
z Name of Division. consumption in grammes | compared with

it in kilos. per person. the year

% preceding,
1 | Piemonte e see 1,526'780 0437 — o064

2 | Liguria ... vor sor ooe 61270 °'°5-°‘ . - 0064
3 | Lombardia s e o 1.889975 0'405- - 0:6;3
4| Veneto ... .- v 3ns 2,080'935 0'594 + 0003
5 { Emilia ;.. ave b 442°560 0172 — 0022
6| Toscana ... " e 325'255 o119 - 0005

7} Marche ... s o . 14°540 a'o13 + oo0t
8! Umbriza .. o oo e 20'840 0'029 - 076;0
9| Lazio .. e | (a) 3,372:645 1032 - — 6‘064
g0 | Abruzzoe Molise .. e " 537°340 0359 - 0074
1t (fampnnia e e an 1,283'065 0°390 — 0086
32 | Puglie .., " o - 2,345°'000 1'103 4+ 0048
13 | Basilicata "o s " g13:650 1'912 - 0012
14 | Calabrie ., 1,915'770 1333 + oog6
15 | Sicilia ... v " or 2,945'765 o819 - 0'204
16 | Sardegna vv " oo o 1,753'220 2’012 + oy
Total o 19,429'606 0562 - o~'t;‘31

(a) Eacluaive of 3,200 kilos purchased at Rome for all the State Railways,

The divisions therefore whose total consumption of State quinine was
greatest in ag10 were in descending order: Sicily, Puglia, Venice, Calabria,
Lombardy, Sardinia, Piedmont, Lazio and Campania ; but as regards quantity
consumed per inhabitant were in descending order : Sardinia, Basilicata, Calabria,
Puglia, Lazio and Sicily. - ' '

_ Sardinia, Calabria, Puglia, Venice and Marche show an increase in consump-
tion during 190g9-10, compared with that of the preceding financial period ; the
~ rest show decrease.
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In comparison with the preceding financial period consumption increased in
sixteen districts and diminished in the remaining fifty-three, o

The greatest increase (507 grammes) was in the district of Reggio Calabria,
the greatest diminution (843 grammes) took place in the district of Trapani.
Important diminutions took place also in divers other districts notorious for the
gravity and persistence of endemic malaria.

The figures above quoted when compared with the divisional geography of
malarial mortality, again warn us that in some divisions there is not even yet
consumed as much quinine as is necessary to reduce malarial mortality to a
minimum ; and since as we shall see the malarial sick rate has not been notably
diminished even in places where malarial mortality has been reduced, we must
conclude that for the further reduction of both one and the other the consump-
tion of quinine should be increased. : ,

As a compensating piece of good fortune, it is authoritatively stated that the
use of our State quinine In its various forms, sugarcoated chlorhydrate and bisule
phate, phials for injection, and tannate covered with chocolate—has spread to
Greece and Bulgaria. These last products of our State factory were again in
1910, by unanimous medical opinion, proclaimed most useful and indeed indispens-
able, especially in combating infantile malaria.

To commence with foreign testimony, I would mention that the Austrian
Government has made a point of adding to its other State quinine products,
chocolates in the form of small discoids, which are pleasant to the taste and
contain 10 cgrs. of tannate of quinine each.

In the French Colonies, Dr. A. Thiroux tried the tannate on Senegalese
infants, found it well tolerated, and in doses of 6o to 85 cgrs.—as eflicacious as
the chlorhydrate, Several cases of dysentery in malarial subjects rapidly
improved by the use of this remedy. For Germany, Werner asseverates thatthe
tannate, dévoid as it is of bitter taste, is extremely advantageous for children,

For Greece, Savas reconfirms the statement that “ chocolates are particu-
larly recommended for the prophylaxis and treatment of children.” ‘

For Bulgaria, Dr. Bourmoff states that though they are dear in price, they
are nevertheless indispensable weapons in the anti-malarial armoury, whether for
the prophylaxis, or for the cure of infants. '
 Of evidence available from one extremity of Italy to the other, I content
myself with quoting the following :—According to Dr. Mayer of Donada, choco«
lates were of great assistance in the cure of younger infants, to whom other pre<
parations of quinine are impossible of administration ; they are always welcomed,
and very well tolerated, and show themselves especially efficacious in malarial
fevers complicated by gastro-intestinal disturbances. At Grosseto, Professor
Memmi and Dr. Fusci employ tannate chocolates in infantile therapy, and accord

- them uniform praise in every respect.

~_ In the Roman and Pontine Campagna, the health officers of Rome and
doctors of the Red Cross unanimously declare, that without tannate chocolates,
they would be at a loss to devise means for the prophylaxis and cure of infants.

 So also in Valfortore (Benevento) according to Dr. G. Pelosi the prophylaxis
and cure of malaria in early infancy was very difficult for want of these
_-chocolates. ' '
Or ‘the other hand according to Colucdi the advantage of such preparations
is beyond description ; young children beg for them so insistently that at times it
is necessary to be very strict in their distribution. In the district of Crotona which
was one of the gravest centrés of malaria in 1910, Dr. Rotondo, and Sabbatini, a
student, treated 260 infants of Ciro Marina with chocolates during the months
of July, August and September. Of these 82 received quinine in prophylactic
strength, all with the happiest result, and 178 in curative strength ; amongst
these latter poor results followed in 26, medium results in 11 and excellent results
in 141 cases.
In the Proceedings (of our Society) is quoted a case of adult idiosyncrasy to
~ordinary salts of quinine, in which however the tannate was tolerated, and proved
beneficial.
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At Crucoli in the district of Crotona itself Dr. d’Afflitto treated 350 infants
with quinine tannate chocolates, and except in the gravest pernicious cases in
-which hypodermic injection was essential, the tannate triumphantly justified its
therapeutic position. - |

Having had the opportunity of comparing the chocolate preparations of Erba
with those of Martinotti I find the latter still a little bitter, and therefore less
suitable for sick children. The brothers Sargent also complain that ‘‘ the
undeniable bitterness of the chocolatines obhges them invariably to prefer
sugarcoated preparations.” This defect however has now been removed, and the

- perfected article is actually a favoured object of greed with the more refractory
amongst children, besides being an efficacious remedy, preventive and curative.

The Sicilian Red Cross also, finding itself unable to get along without
chocolate preparations, appealed for them and reccived them as a gift from
Queen Helena.

Dr. Vadala di Furnari and Dr. Maltese di Salemi, in their turn and on behalf
of the Medical Officers of Health of towns in Sicily, reconfirm the view that the
tannate affords the best means of combating malaria during the age of infancy.

_ Comparative trial was also made outside Itlay between chocolate prepara-
tions of the tannate and euquinine,

Thus in Germany, according to Muhlens, the tennate chocolates of the
* Maison Zimmer® were advantageously substituted in recent years, for the pure
pose of combating malaria in infants, '

They were also adopted in the Argentine “ for infants who took to them
readily.”

On the other hand in Italy, the euquinine placed on sale by the State
quinine factory under orders from the Superior Council of Health 1s—as might
easily have been foretold=ereported a more crying failure than had been expected.
Suffice to say that during the first financial period (October 191Q=~July 1911)
only 196 kilos were sold, of which the first 100 kilos being the permanent
advance stock of offices of resale,—and 35 kilos=madc over to the Sanitary
Department—have to be subtracted. ‘

- This means accordingly an actual sale of 61 kilos only. During the second
- financial period and more especially from July 1911 to January 1912, only 98
kilos were sold, of which 71 were made over to the Sanitary Department, and two
were sold abroad. Hence a sale of only 23 kilos; a negligible amount. for the
whole of a summer-autumn epidemic season, :

For the rest according to new and felicitous applications to pharmacology
" of the chemistry of colloids, we may now regard the tannate as a colloidal com-
ound of tannin in watery solution, with a crystalline salt of quinine. On the -
other hand the researches of Almagia demonstrate how other colloidal substances
(Tecithin and cerebral substancc) take away from quinine that organotropic or
elective action which it exercises to the detriment of the nervous system
(whence cardiac and respiratory depression, tremors, deafness, amaurosis)
without damaging the parasitotropic or specific action of the drug.

, The tannate is accordingly—in the modern chemotherapeutical sense—an ideal
compound, inasmuch as it resembles the mechanism of which nature avails herself-
for transportation and transformation of all organic and mineral substances in the:
most hidden parts of the human organism. Hence on the whole there is' room
for believing that the Superior Council of Health will remove its veto, in frank
recognition of new experience uniformly favourable to the tannate both at home
and abroad, and of the failure of euquinine put on sale to no purpose for now

close on two years.

B.—STATE QUININE AND MORTALITY FROM MALARIA.

In the first place I shall compare the consumption of State quinine since
1902, with mortality from malaria between 1900 and the prescnt time.
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TaBLE III.

State quinine and mortality from Malaria in ltaly,

Consamption of State Quinine. Mortality from Malaria.
Kegggee Mo | Gl | T
vavses . 1§00 15,305
. 1gox 13,358
1902-0% . cen 5,242 34,000 1902 9,908
1963-04 7,234 183,038 1903 8,513
1g04-05 14,071 183,382 1904 8,501
1905-06 . 18,712 | 296,295 1905 7,838
1906-07 . 20,723 | 462,280 1906 4,371
1907-08 24,351 7€0,052 1907 4,160
1go8-09 23,635 |  769,800% 1908 3,463
1g0g-10 ree 21,656 720,000%  tgog 1,533
1910-11 | 22,705 843,312% 1910 3,619

* The profits from sale of State quinine abroad are included in these figures,

Between these two events—consumption of State quinine and malaria}
mortality—there is clearly a closa relation.

In fact from 1902 to 1908 while consumption of quinine progressively
increased, mortality from malaria continuously declined,

From 1608 to 1912 while quinine consumption remained stationary with
slightly appreciable oscillations, the number of deaths from malaria—figuring about
3.500—was equally constant; remaining on the whole lower by four-fifths
compared with 1900, and by two-thirds compared with 1goz, the year with which
the new State dispensation commenced.

* *® * ¥

It appears to demonstration especially that after the action of the State from
1902 on had doubled—as it quickly did—the total consumption of the precious .
drug, malarial mortality ceased 1o exhibit its more or less quinquennial periodic
recrudescence, and entered into an entirely new phase of progressive and precipi-
tous descent.

For the rest, to deny this intimate relation between the increase in the con-
sumption of quinine, and the decline of malarial mortality and its recrudescences,
would be tantamount to a denial of the sovereign value of the marvellous dru
itzelt, No one, even of the most cbstinate enemies—open or concealed —of the
new State dispensation, has dared to go so far as this,

. » * » *

It is useful to compare malarial mortality with population for each division of
the Kingdom, and for the Kingdom itself as’a whole.

The results of such a comparison are exhibited in the following table :—

1388C
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‘Here we have again t@o malarial Italies, the milder ending with Lazio, the
.graver from Lazio downwards. :

Comiparing further the proportional decrease of malarial mortality  in areag
from Lazio southwards, it is noteworthy that from 1887 to 1goo—neglécting
periodic oscillation—almost no spontaneous attenuation had been reached in
Basilicata, very little in Sardinia, and still less in Sicily, Puglia, Calabria and
Lazio ; and that whilst all benefited after 1goo—in other words after the advent
of State® quinine—those divisions which were before the most severelv and
persistently malaria-stricken, benefited to a special degree.

For those of the divisions mentioned which with the most precipitous
descent of malarial mortality received the maximum benefit from State quinine,
it is advisable to examine particularly the trend during the years 1837-1g10 of
mortality from pneumonia and enterits, two diseases which can aggravate and
therefore exaggerate—or hide and therefore obscure the true significance of-——
;malaria, in statistical tables of the causes of death. ’
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So-that it appears very clearly—in fact to demonstration-—that from 1887 on,
in spite of some irregular periodic oscillation, pulmonitis underwent no diminution
in Lazio, Sicily, and Sardinia, and but the slightest in Puglia and Calabria;
whilst enteritis increased in Sardinia, and was elsewhere stationary. Thus the
aforementioned decrease of mortality from malaria is thrown into clearer relief,
because unobscured by errors in the classification of deaths from dual causes.

Hence no one can any longer cast doubt upon the conciusion that the very
great and continued fall of malarial mortality since 1902 has been principally
due to increased consumption of State quinine.

C.—RADICAL CURE OF MALARIAL INFECTION.

Dr. Tuveri as a result of prompt and assiduous treatment of 3,736 malarial
patients since 1904 in a circumscribed area of Sardinia, witnessed 36 per cent. of
cures (7.e., of cases in which there was no relapse) after small and frequently
repeated curative doses, 20 per cent. of cures after larger and more prolonged
docsage (12 per cent. after the third, and 7 per cent. after the fourth relapse),
and 22 per cent. of persistent relapses in spite of all treatment.

~ For such cases as these last it is useless to expect better health from treat-
ment other than quinine treatment. “With good reason therefore has Professor
Memmi abandoned in Grosseto Hospital the advocacy of preparations of arsenic
and iron—ever in patients in a condition of marked anamia, because he 1s con-
vinced that these remedies do not improve blood formation to any greater extent
than quinine by itself improves it. '

~ Hence, in place of clinging obstinately to. a blind trust in that ancient and

rusty arsenical treatment which was started in Lazio at the beginning of the latter
half of last century by Drs. Jacquet and ‘Minzi, ind in. the Tuscan marshes
by Salvagnoli-Marchetti, it behoves us to have recourse to chemical and experi-
mental study with the object of discovering in this palmy age of chemotherapy, a
remedy possibly more efficacious than qumnine ; especially against those forms
which nature i¢ careful to safeguard for the purpose of better insuring the con-
servation of species.

.. Meantime ‘606 ’ has established its activity as regards only the plasmodium
simple tertian, which is easier of destruction but, on the other hand, is inactive
against the plasmodium of Summer-Autumn fever.

D.—SANATORIA FOR THE MALARIA-STRICKEN.

Persisting in the aim of so-called human reclamation a few philanthropists
established further sanatoria during 1910 at climatic resorts: one at Montichio
Sul Vulture for 20 young children of Basilicata; others on the hiils at Sila and
Ferdinandea for a few children of Calabria; another above Messina in the

Lammaro forest.

With regard to the last Professor Gabbi has recorded that of 25 children
admitted between August and October, 17 left the Sanatorium cured of splenic
enlargement, without parasites in the blood, and with notable improvement in the
condition of the latter. But how many of these were wtiologically cured and
how many had acquired immunity consequent on climatic and therapeutic cure P
And what of the other 8 children who, despite all sanatorial treaiment, were not
cured ?

Neglecting these considerations, however, il we analyse-—as we can and
must--the epidemic causes at work, to what extent could the removal and cure
of a few tiny carriers of plasmodia benefit Basilicata, Calabria, and the district of

Messina ?

Professor Trambusti has furnished a well attested sanitary report, accom-
panied by an accurate financial statement from Commandatore V. Spartaro
regarding another anti-malarial sanatorium of Sicily which was at work during th

past year.

1385C
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From this it appeais that of 86 admitted in 1910 but 19 were clinically cured
== 23 per cent., 58 improved == 66 per cent., 5 remained unchanged (4 per cent.)
and 3 died.

The result is therefore quite the opposite of brilliant although for the found-
ation of this sanatorium, and for the admission of 44 malarial chronics in 1909,
and 86 in 1910, no less than 18,396 lire were spent under economical manage-
ment,

This_works out at 144 lire per head for each recovery—a sum which
would suffice to purchase for a full 47 individuals during six months of epidemic
enough quinine for prophylaxis, that is to say for the prevention of reinfection and
of lapse into the status chronicus (this use of quinine is suitably defined by the
- term “ Phylaxis” trans.). On behalf of Dr, Evoli, who in 1909 was the first to
establish a sanatorium on the hill of Aspromonte, Dr. Timpano fully endorses the
opinion that ‘‘ the sanatorium is an expensive luxury.”

Much more is this the case in the South and in the islands where even the
simplest and lcast expensive dispensary aid is wanting, and where for lack of
quinine so many still die, and so many more sicken from malaria.

Still less is such expense justifiable in the case of children, since the fading
of Koch’s rosy hypothesis which attributed to children the principal role as chronic
carriers of the malarial germ.

Even were his hypothesis true, in place of taking the children from their
mothers and the surroundings in which they are born and have to live, and
subjecting them to an exceptional as well as temporary mode of life, it would
surely be much easier and less costly to amuse and quiet them with good choco-
late preparaticns, by aid of which if sick they recover sooner than adalts, and with
a little maternal solicitude guided by medical advice do not fall ill at all,

Even if we neglect for a moment to consider the hereditary apathy of our
people in malarious places, we cannot deceive ourselves with regard to the educa-
tive eff ects of the sanatorium to the extent of supposing that young children who
have been drilled to take quinine, continue to take it alter they return to their
homes and set a good example to the family.

Towards such an educational sanitary goal we are directing and must continue
to direct the school.

But the removal from epidemic surroundings here and there with so many
precautions of a few tens out of many thousands of infected and infecting
children, leaving all malarial adulis—with their much inore dangerous nomadism-—
undisturbed, beard too close a resemblance to our numerous and discredited
reclamation works which paused at no expense to open a few drainage canals
and raise some dams, but left behind them so much paludism and corresponding
mzlaria, For the rest, did it suffice to remove only the more obstinate and
rebellious chronics in order to dry up (qucd est in vot1s) the sources of malarial
infection, it is now the unanimous judgment of dectors of the Red Cross, and of
- Medical Officers of Health and Hospital Physicians of Rome that after a few
years of general cinchnnisation—without recourse to the inconvenience, trouble
and expense of any sanatorium-—those old cachectics the enduring and squalid
evidence of chronic endemicity, would disappear from the plains of Rome, and
{from the Pontite marshes (and the same is alio true of other places),

And ncw when quinine is gratuitous, to allow more to reach the cachectic
stage would be—and is—a double crime. .

In fine it has for some time been noted by us—as it has been in the coloniegmm
that mountain climates do not exercise a particularly beneficial effect upon latent
malaria.

On the contrary we plainly perceive fever declaring itself, so to speak, at
mountain resorts in individuals who have remained well in the plains, persisting
obstinately in spite of specific treatment, and sometimes ceasing only on return to
the place where it was contracted.

In the fight against tuberculosis—in subduing which quinine is of no avail—itis
possible from the records of thousands of German friendly socicties to justify
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mountain sanatoria, but without anything like the enthusiasm which attended
their first establishment.

[n fighting malaria however it is better instead of wasting pity and funds in
the indulgence of private charitable eccentricity, to concentrate united effort upon
that wider and truer social foresight, which by opportunely and energetically pro-

' moting—through the medium of hygienic education and sanitary organization—
the diffusion of quinine prophylaxis is paving the way to the prevention rather
than to the cure of malaria.

E.—INTER-AND PRE-EPIDEMIC TREATMENT OF RELAPSING MALARIA, THE
SO-CALLED “ HUMAN RECLAMATION.”
' In conformity with the opinions of the pathologists and clinicians of our
Superior Council of Health—opinions be it remarked, to exclusively therapeutic~
a staff for interepidemic treatment was entertained for the first time in the Pontine
marshes from the 16th of December 1909 to the 15th of June 1910 out of funds
provided by the Quinine State Factory. During this period 2,287 malarial
patients were treated assiduously. Nevertheless in the ensuing fever season of
' 1910 so little inprovement was exhibited that the number of those attacked during
the periodic recrudescence showed an increase of 7°6 per cent. as it did in the
years 19o6-07 before inter-expidemic treatment had been heard of.

Again at Bova Marina in the district of Reggio Calabria, 105 malarial patients
were treated with quinine and so-called reconstituents (iron, arsenic, iodine,
phosphorus) during the winter of 190y and spring of 1910. But every few of these
can be said to have been cured even clinically, 88 improved, 17 showed no
improvement whatever; and after this so-called ** inter-epidemic human reclama-
~tion " the epidemic was no less thanit would have been had the practice of
quinine prophylaxis alone been steadily continved during the epidemic period.
Again in Sicily, under the assiduous and wise guidance of Professor Trambusti
as much zeal was expended, as reliance was placed, in inter-epidemic treatment
by the exhibition in addition to quinine of Baccelli's mixure with arsenic and iron
in pill form especially for the more anzmic, in whom injections of methylarsenate
of iron were also tried individually. And yet by the end of June after these ener-
getic measures had been pursued for several months, the number of those clinically
cured in various localities varied from 50 to j0 per cent. and the clinical benefit
(reduction of spleen, afebrile condition, improved blood formation and general
nutrition) assuredly did not amount to radical cure of the latent infection.

Hence unfortunately, as Trambusti states, “the number of uncured malaria
chronics still continued high notwithstanding treatments with quinine, arsenic and
iron assiduously practised for about four months.”

In Sardinia we have further confirmatory proof that ke so-calied  human
reclamution’ is ineflective in combaling epidemic malaria,

In the agricultural colony of Castiadas, Dr. Arturo Mathieu, Medical Officer
of Health, followed during the months of the epidemic season, for the whole
triennium 19o7-09 (inclusive) my method of daily quinine prophylaxis by the
administration of two sugarcoated tablets, (inall 40 cgrs.) per individual per day.
As may be seen from Table V1, the percentage of fever cases gradually descended
from g2 per cent. in 1904 to a mimmum of 9 per cent. in 19og. Meanwhile the
Superior Council of Health has laid stress upon compaigning methods, as half
hearted in respect to quinine prephylaxis as they are encrgetic in respect to the
so-called ‘ human reclamation’.  The Epistolary Herald of this Supreme Body in
emphatic language has thus concluded : -~, :

“We direct with increasing alacrity the sanitary forces of the State
towards the cure of the sick, the reclamation of the malarial subject ; we devote the
better part (?) of our medical organization to their assistance; we investigate the
most suitable (?1) methods; we multiply anti-malarial dispensaries wherever
needful ; we erect new anti-malarial sanatoria . . ., and in closz conformity
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with certain opinions further suggested by ministerial letter, Dr. Mathieu neglected
quinine prophylaxis, intensifying curative treatment and prolonging it by repeated
hypodermic and intramuscular injections~—besides administering quinine by the
mouth. With the object of facilitating the ingestion of the drug he employed in
particular a formula containing quinine, arsenic, iron, nux vomica, alcohol, and
sugar, which appears to have been well accepted.

But after all this energetic human reclamation the malarial sick rate {(zsde
Table VI) suddenly reascended in 1910 to 19 per cent., a figure of times prior to
quinine prophylaxis.

T:ABLE VI.

Mzlaria in the Agricultural Penal Settlement of Castiadas.

Pctspula- -
1 uining
Year, livinog“cn cOQnSumed C};Iaasi::i:.f Remarks.
the 3ist | in Kilos.
December.
1904 748 694 {92 %) | No prophylactic quinine
distributed.
1905 861 13674 | 731 (84 %) ' 1d.
190b 807 15080 { 390 (48 %) 1d.
1907 795 40'230 {132 {16 %) | Prophylactic quinine.
1908 700 35400 197 (13 %) 1d.
190g 601 32000 | 64 (9 %) Id.
1910 655 15280 | 139 {19 %) | Suspension of prophy-
lactic quinine,

Thus the too clinico-therapeutic opinions of the Superior Council of Health
inflicted a dire experiment upon both guardians and prisoners of the agricultural
pehal settlement of Castiadas. So to conclude, if we want with the least effort
to éxtract from quinine the maximum benefit by stifling—as above all we ought
arid ‘can—epidemic malaria, we shall not do so by exhausting the drug beforehand
in'so-called inter-epidemic treatment. It 1s enough to begin prophylactic treat-
ment with those actual sufferers from malaria, a little in advance-—that is to say
during the pre-epidemic spring rise—and quickly thereafter to attack along the
whole. front, by treating with quinine both those sick from malaria and those
presumed exempt, prolonging this action till after the close of the autumn heat,
which in some years in littoral areas of the mainland and islands means prolonga-
tion till the end of December. [ made this proposal before and it was adopted
in 1910 even in Algeria; Trambusti also proposes to follow it in Sicily beginning
from June! (the reaping season) and to continue it till after the cold weather has
set in ; if necessary to the close of the year.

F.~—~MEDICAL QUININE PROPHYLAXIS,

Commencing with abroad.—In the French Colonies according to Reynaud
‘“ the use of preventive quinine in the prophylaxis of paludism tends to become
general and to occupy the first place amongst defensive methods.” Mosquito
.destruction methods were also tried, but on account of their inapplicability to the
great waterlogged stretches were abandoned in favour of quinine prephylaxis
which is described as*‘ the first, principal, prompt, and general method of defence ”
because ‘this defensive method alone can be applied promptly, generally,
economically, and in all conditions of colonial life.”

And to the question “Is constant or very frequent consumption of quinine
devoid of danger ? May -t not provoke permanent functional or organic mischief ?"
He not only replies in the negative, but states that those very persous who are the:
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most convinced adherents of the quinine-hzmoglobinurea theory, recognize that
the best means of preventing that occurrence is the methodical and constant use
of preventive quinine.

Dr. Mortel also in Hatien (Cochin China) ttied quinine prophylaxis amongst
the Annamite colonial troops. By way of control he suspended it. After experi-
ment and control he concludes that this prophylaxis, as simple as it is useful,
might be macde obligatory for aggregations of human beings at all sites to which
malaria has extended. So also, according to Gaide’s experience with colonial
troops, ‘' Preventive quinine therapy applied to the healthy . . . has
always yieided excellent results.”” As for the indigenous agricultural labourers of
Cochin China. they believe it to be the only efficacious means of preserving them
from fever, better than very costly reclamation works which are ofien impractic-
able, and better still than measures of protection against anopheles. badly applied
and worse used by an ignorant and apathetic people.” The official statement of
the Governor of Algeria againis nothitg but a paan of victory for quinine
prophylaxis. '

Hence De Grall says with reason, that quinine prophylaxis has at length
after ten years' trial fully justified the hope I placed in it at the time, in opposi=
tion to the outburst of infatuation which then took place for rractical corollaries
of the anopheline theory,

In the German Navy the value of prophylactic quinine was turned to practical
account at all malarial places. and there can no longer be doubt of any kind with
regard to its efficiency which is commented on and published broadcast in the
official report of 1908-09. In Greece, the public health of Anchiolos was restored
by the use alone of preventive and curative quinine ; a town so badly of in respect
to malaria that its population of 2,265 inhabitants was infected in the proportion
of #2'8o per cent. at the commencement of prophylaxis, whilst afterwards this
ratio fell to 6'39 per cent. in mid summer, and to 2'07 per cent. in autumn 1910,

This simple miracle was accomplished with a consumption of 72°2: grammes
of quinine per head. :

With good reason does Savas conclude, that in the highly successful anti.
malarial campaign in Greece * the mos: important measure is the preve:tive and
curative use of State quinine.” In Bulgaria according 1o Drs. Bourmoff and
Peteroff who came to our scheol in 1909, the district of Bourgas was chosen as
the first test arca of quinine administration according to our methods and with our

State quinine. :

Prior to prophylaxis the megalosplenic index was from 10 per cent. to go per
_cent. in the various villages which may be divided into_three categories treated
in three correspondingly different ways:—

(1) Those of megalosplenic index 50 per cent. and over daily quinine treat~
ment of malarial suspects and healthy.

(2) Those of megalosplenic *“index 15 to 50 per cent. radical” cure of
fever cases only.

(3) Those of megalosplenic index 15 per cent. and less no treatment,

After the summer-autumn campaign 1s over, behold the malarial aspect of
these groups entirely changed.

So that—
in group 1 the malarial sick rate had varied between 1 and 40 per cent.,
in group 2 the malarial sick rate had varied between 18 and 52 per cert.,
in group 3 the malarial sick rate had varied between 23 and 49 per cent.

Consequertly in the group which at first was most infected malaria had
actually descended to the minimum, solely in virtue of daily and universal quinine
prophylaxis; and this at the extremely small cost per head of <80 lire for the
whole five @stivoautumnal months. :
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Once again was the failure manifested of human reclamation by itself. And
wice versa, through quinine prophylaxis month by month many and many were
for the first time able to pass the fever season free from the suffering and disability
entailed by malaria.

The resuits obtained in [taly in 1910 amongst certain sections of the
population kept under medical observation also speak in favour of quinine pro-
phylaxis. We shall consider to begin with—

A—THE ScHooL POPULATION,

Professor Ernesto Cacace of the anti-malarial education stationed at Capua,
reports that quinine prophylaxis was continued in the schools in 1910 at Villanova
and Terranova-Monferrato, at Pontepossero, at Bova Marina, Salemi, and Serra-
manna, and was started at Campagnatico, Amorosi, Senisi, Sen Leucio, Massafra,

,and Marina di Palizzi. The results wére uniformly brilliant.

As an instance I shall give details for 1907-08 and subsequent years with
regard to:—

TasLE VII.

Malaria in the Schools of Salems.

Number of scholars. Relapsing Fevers.
Scholastic year. Number who
Strength. receved Total. | Percentage.
quinine.

1907-08 .. 1,100 200 9 45
1908-09 ... " 1,252 292 9 31
1909-10 ... 1,350 276 7 2'5
19T0-Y1 ... 1,396 131 3 '3
1911-12 ... 1,500 90 1 1’1

Acgording to Dr. Colucciin the country school of Solito near Taranto
quinine prophylaxis was also practised by the administration to the older children
of sugarcoated product of State quinine, and to the younger children of tannate
chocolates. Out of the total thus protected barely 4-5 suffered from relapse,
and that was promptly suppressed by small injections of quinine bichloride.

B.—MiLITARY POPULATION,

‘A glance at Table VIII shows that the success achieved in the protection of
the army against malaria from year to year—judged by the diminution both of
primary fevers and of relapses—has been increasingly satisfactory ; and this
result in the unanimous opinion of Principal Medical Officers has been due to
the increasingly abundant and more regular diffusion of quinine.
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Year.

1902 ..,

1903 ...

1004 ... *

1905(a)
1gob ...
1907 ...
1908
1909 ...
1970 ...

TaBLE VIIL
Malaria 1n the Army.
] i
Total P i
Average attg?ks Relapses a;;:r::rg : Remarks,
streogth. Fer 1,000. per 1,000, per 1 000, |
{
S |
199,253 | 2744 | 2141 6:03 i
206,468 |- 24’14 17'83 6'28 | Initiation of prophylactic
‘ quinine.
210,637 19°'21 | 12°71 6'50 } Prophylactic quinine cons
. ‘ tinued.
218,409 | 21'52 1304 848 i S 1
211,245 | 1899 1267 | 632 | Prephylactic quinine ex-
| tended,
202,320 1246 7°96 4'50 Id,
216,679 804 519 stg Id.
228,051 6'g6 472 2'24 4 1d.
i
234,104 2'i0 3'23 1°87 i Id,

Malaria continued particularly to fall in the garrison of Rome though there
was nJ lessening of the periodic recrudescence which took place throudhout Lazio.

The good effects of quininization on a large scale were especially observable
in the diminished nu nber of those rejected for malaria amongst military conscripts,

For instance Dr. Maltesi notes for Salemi (Sicily) that whilst from 1902-06
the rejected were 23 per cent., they fell to 15 per cent. in 1907, to 10 per cent. in
1908, to 2'82 per cent.in 1909, to 2'52 per cent. in 1910, The following statistics
are quoted for the military marine.

TABLE 1X.
Malaria itn Tarante Hospital.

Year.

1900
1901
1902
1903
1904
1905 (4)
1906
1907
1908
1909

1910

NEW cAsEs.
Towr | P
193 20°19
130 13°19
35 1464 |
31 8133
89 965

107 10°0Q
72 7°00
74 6'75
46 368
23 125
13 075

laxis,

Remarks.

Id.

14,
1d.
d.

Id.

Id.

Commencement of quinine prophy-

General quinixie prophylaxis,

() Year of periodic recrudescence.
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For these last results the medical staff of Taranto received the well deserved
thanks of the Naval Minister.

C.—LABOURING POPULATION EMPLOYED ON PUBLIC WCRKS.

Dr. Vincenzo Cioffari gives an account of the results of the anti-malarial’
campaign of 1910 amongst operatives in the censtruction workshops of the
Pugliese aqueduct. The firm Ercole Antico and company, contractors for this
gigantic work, at the instance of the Directing Engineer Vittorio Gianfranceschi,
instituted assiduous and regular quinine prophylaxis after my method, daily from.
the second fortnight in June to the end of November.

The numerical strength of operatives engaged in labour at workshops in:
malarial situations during the malarial months was as follows :—

June ... 8807

July 805 12'83 kilogrammes of quinine
August ... 1,1c9 | were distributed for prophylactic
L purposzs. There were only 7 cases -

September o 1,085 of fever and those amongst subjects -
October . ... 1,261 | of alcoholic excess.
November e e 1,103 |

~ A few years ago the suspension of Public Works (Reclamation works, etc.,)
in malarial places was the rule, with sad consequences of grave delay and injury
ta the works themselves, owing to their interruption precisely in the months of
finest weather and greatest daily labour output.

The example of the Pugliese Aqueduct undertaking shows how quinine"
prophylaxis, apart from its philanthropic aspect, is a paying proposition in Public
Works projects.

D.-~MINING POPULATION.

Amongst the Sulphur miners of “icily 5053 received prophylactic quinine-
during 1910, presumed healthy 3488 malarial suspects 1,497, fever cases 8o.
During quininisation but 2 (003 per ceat.) of the healthy were attacked by fever
and of the malarial suspects only 63 (4'2 per cent.) ; and the total sick rate from
malaria amongst the mining popula‘ion under quinine was only 13 per cent.

Amongst the miners of Sardinia, of those who received prophylactic quinine
at Iglesias, 32 out of 4,763 (or *67 per cent.) were attacked by malaria, whilst
throughout the whole mining district 490 per cent. of miners were attacked, as
compared with 15'50 per cent. in the corresponding agricultural zones.

E.—AGRICULTURAL POPULATION.

To the numerous examples quoted in the preceding accounts, of rural
centres of labouring industry limited in size and therefore more capable of accurate
and precise supervision, which —thanks to quinine prophylaxis—have been saved
from epidemic malaria raging around, I would add that of Podere Perogrande in
the Catanian plain, where—by constant perseverance in the administration of pro-
phylactic and curative quinine-—a locality at first regarded as alinost uninhabit-
able, has become populated.

The results attained by the use of guinine prophylaxis in various rural
districts beginning with the Roman plain, speak increasingly in favour of quinine
prophylaxis. '
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The following table exhibits the relation between—

TABLE X.

State Quinine and Malaria in the Roman Plain.

- o - . . . P —— e rx

1900, | 1901, | 1g90s. | 1903. 1904, l?o)s 1906. 1907, 1908, 1909, 1910,
L)

Under qulnioe prophylaxie 1,0 8 17,500 29.69 38,43 2,726 34,98 86
“1a theqaqmuh Fiain, R B 3 patd IR o 937 | 33,808} 3580 | aoema
Primery infections treated 1,716 [ 1,963 768¢ 320 162 250 139 166 727 30t 3
+ by the Red Cross. 7% |[G6% [O02R ] (%) | (134%) | (1253 F) | (077 B) [ (V44 B) | (1'93 %) | (020 %) | (2's gt’
Chroalg cases treated by the | 3,751 ] 2,356 1 3.5Bi ! 1,847 1,408 839 576 371 437 470 $

Red Cross, (0% (6% [ (0% ("B | 10%) | (30%) | (34 %) | 39%) | (o %) | (s %) | 2 i)s
Malaria) paticots admitted | 6,186 | 4,378 | 3,750 [ 3,45 2,001 3,99t 3,813 2,486 2,748 347 1,775

to the hospitals of Rome.

TP

(a) Year of periodic recrudescence.

Hence within the sphere of action of the doctors of the Red Cross the
gradual improvement of public health in the Roman Campagna has been indis-
putable.

So also in the sphere of action of the Health Officers of Rome there has
been a diminution of the malaria-stricken from 1906 on (zide Table XI);
markedly maintained it 19og-10.

TABLE XI.
Malaria in the Suburbs of Rome and in the Roman Plain.

Number of attacks from feverin
Sauitary divisions.
190§- 1906. 1907. 1908. 1909. 1910,
Suburbs . 1,138 871 41% 525 504 439
‘Roman Plain ... we | 29171 1,675 925 950 896 | 1,106
Total wo | 3155 2,546 | 1,340 ] 1,475 1,403 ] 1,545

In the hospitals of Rome also epidemic recrudescence was much less
remarked in 1910 than in 1909,

To encourage the hesitating, Professor Gualdi, Director of the Hygienic
Office, insisted that every doctor should personally control, and directly super-
vise, a quinine prophylaxis demonstration camp.

And the doctors reported unanimously that the result was for the most part
favonrable ; although this practical test in the field was applied for a period about
five months in duration, to a fixed population probably already infected. Even
those who were at first sceptical extol quinine prophylaxis, and all alfirm their
plenary corfidence in the efficacy of preventive quinine when regularly adminis-
tered. In the Pontine marshes especially, during the operations of the Red
Cross, of apparently healthy individuals and malanial suspects who received
quinine prophylaxis, those malaria-stricken numbered—

in 1906, the first year of the malarial campaign, 106 per cent.,
in 1go%, the second year of the malarial campaign, 6'3 per cent,,
in 1908, the third year of the malarial campaign, 1°3 per gent.,
in 1gog, the fourth year of the malarial canpaign, 7'3 per cent.,
in 1910, the fifth year of the malarial campaign, 7'6 per cent.
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So the recrudescence of 190g9-10 therefore maintained a relatively low level,
not so much in virtue of inter-epidemic ‘ human reclamation,’ as of that quinine
prophylaxis which the Red Cross in Lazio as well as Sicily enjoys the merit of
not having neglected even when superior authority attempted to discredit it. So
also at Moutalto di Castro in the Lazial maritime zone towards the Tuscan
marshes, by the efforts of two medical officers of Health, Doctors Ragusa and
De Nicola, the periodic recrudescence was kept low in comparison with that of
the years 1895 and 1900; assuredly not be it observed in virtue of reclamation
(this district being still in its ancient waterlogged state), not of improved condi-
tions of livelihood amongst the peasantry, For the latter, though their wage was
increased, had to confront a rise in price of the necessaries of life, with-the result
that they still live in a constant state of the lowest intellectual and moral penury,
as did their predecessors of fifty years ago.

They declare that the falling off in malaria must beyond doubt be ascribed
to the wide diffusion of the specific remedy amidst the whole population. In the
quantity (grammes 846 per head) in which it was consumed—certainly not
enough for the prophylaxis of all and sundry—it was of service in the prophylaxis
of not a few and of service chiefly in the prompt treatment of the sick . . . it
being nowadays the generally accepted view that the administration of quinine
is the sole road to salvation and deliverance from malarial fevers.

S ——————

Outside Lazio we encounter no instances of districts where it was possible to
doubt that the progressive diminution of malaria was more due to the prophylactic
work of our colleagues than to spontaneous attenuation.

We shall illustrate this statement by some examples from Lazio downwards.

To the credit of Dr. S. D’Urso the following results have been obtained
at Rochetta Sant’ Antonio (Avellino) during the past seven years by the prophy-
lactic treatment of malaria with quinine :—

TasLE XII.

Malaria at Rochetta Sant Auntonio.

Year. Crees | Sickrate, | Mortality. | o Stste

Malacia, % grammes,

1604 - s 835 20 2'5 400
1905 or 627 12 2 679 ‘

190b e 448 10 | 0’9 3125

1907 et 443 10 09 3'923

1go3 e 242 6 0'9 7'000

1909 e L e ses 327 7'5 \o'g 3030

.1910 236 54 1I'1 3'300

In Capitanata also where no one could attribute any merit to hydraulic
reclamation works, the precipitous descent of mortality from malaria sequent
upon the diffusion of State quinine was evident throughout the whole division.

In some towns especially (Cerignola, San Severo, Torremaggiore) the quant-
ity of quinine administered, in great part for prophylactic use, was the veritable
salvation of agriculturists and even more so of harvest labourers.
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TasLE XIII.

Malaria in Capitanata.

In the district of Foggia. In certain Towns.
- Deaths from Malatia.
Year. Deaths Quinine i )
Mﬁlon? consumed
it | Ior | Corgaol.| S8, | rent,
- 1900 e | 1,329 52 54 18
1got e | 1,186 76 53 33
1902 665 182460 24 23 14
1903 S se 632 329'335 29 | 42 5
1904 797 892'137 17 29 8
1905 roe 609 | 1,209°755 16 28 5
1906 312 | 1,157'825 11 18 .
Y907 v 261 | 1,338'712 3 1 I
1908 172 | 1,090'877 7 5 2
1909 - 200 | 1,094°'195 7 10 2
1910 e 192 | 1,178315 6 4 1

For Calabria we quote the following figures on the authority of Dr, Oliva :—
TABLE X1V,

Malaria at Scalea (Cosensa).

Year. oiet | Cured. | Chronic. | Deaths, | 2010
* 1g0b — " 2,004 | 1,302 702 14 2
1909 1,715 981 734 12 2'5
1908 1,443 864 679 9 3
1909 . ove 1,610 021 689 13 14
1910 784 6o2 182 4 225

In the district of Reggio-Calabria where the indefatigable work of Dr. Evoli
and bis collaborators was carried out, 2 per cent. of the gquinine-protected con-
tracted malaria, and 18 per cent.—23 per cent. of some residual controls. So,

* concludes Dr. Timpano, quinine prophylaxis remains the most active weapon we
can make use of in the struggle against malaria, :

In Sicily amongst 33,387 quinine-protected in 1910, there were no pernicious
attacks, and only a few mild cases of fever promptly cut short by curative dosage.
As regards details there were with quinine protection—

In agricultural areas 2°6 per cent. of cases of malaria amongst the protected.

In mining areas 1°3 per cent. of cases of malaria amongst the protected.

And according to age, cases of malaria were : —

0—5. Su=15. 15

Amongst the presumably healthy ... 3'5% 2'1%  28%
Amongst malarial suspects e 32% 2'6% 2'5%
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Controls were not wanting : for example, at Marsala, out of 10,300 quinine-
protected 157 (1°5 per cent.) got fever, and none died: out of about 1 5,000
unprotected by quinine 1,292 (8'6 per cent.) got fever, and 34 died; at Castro-
giovanni, out of 1,000 quinine-protected 14 (1°4 per cent.) got fever: out of 2,500

- unprotected by quinine 350 (14 per cent.) got fever.

Again, due to the zeal of Dr. Alagona—a sanitary official—and of his colla«
borators, continued decrease took place in— ‘

TaBLR XV.
Malaria in the Municipality of Syracuss.

Number of .

Quinine

Year. - . - consu‘med ia
Cases. Deaths. Kilos.

I e —
1905 XX [ X N] sos oo [ Y] LN ] 13

1906 .., 500 10 166
1907 ... 396 5 36°4
1908 .., 219 1 610
1909 ... 320 8 69'0
1910... 218 2 498

During the last six years, therefore, attenuation of epidemic malaria has here
again made rapid and assured progress—principally in virtue of the gratuitous
issue of State quinine.

In Sardinia and especially in the district of Cagliari out of 6,963 quinine-
protected there were g 3 per cent. of relapses amongst 4,411 malarial suspects,
and 6°69 per cent. of attacks amongst 2,552 of the presumably healthy; and
these results were obtained in spite of the fact that enough quinine was not given
for entire and regular prophylaxis.

Hence again in 1910 it was undeniable that the quickest and surest means
of salvation from malaria is quinine prophylaxis—aézen entendu.

And as evidence that the truth continues to make successful headway against
the obstacles inan tries to oppose to it, we are gladdened and rejoiced by the
verdict passed upon prophylactic quinine, not by theorists in lofty seclusion, but
by medical practitioners working in the arena of daily strife,

One extremity of Italy answers the other. To Dr. Pagnasco who from
Concordia Sagittaria (Venice) writes, '* Numerous workmen come to me repeat-
edly to say that they feel stronger and more disposed to- work, when they take
half tab'ets of quinine daily 7, Dr. Maltesc replies from the extremity of “Sicily,
* Amongst the people is now diffused the certainty that the use of prophylactic
quinine is absolutely destitute of all barm to the human erganism ; without quinine
they are not secure of freedom from fever : without quinine their fever cannot be
cured.”

Timpano again in Calabria confirms that “even scoffers see that after
quininization fevers of long duration which obstinately persist throughout the fever
season, cease to exist”, and Sergi in the name also of his colleagues Mazzacuva,
Pata, Flcrio, and Fazzari, lays fresh emphasis on the efficacy, supported by suit-
able control, of daily quinine admiuistration to the presumably healthy, and the
malarially suspect.

Dr. Mazzolani in his turn, supported by a long tropical experience, asserts
that the prophylaxis of the healthy exposed to risk of malaria is tantamount to
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safeguarding go per cent.; and that malarial patients who have already followed
discrg(elet quinine prophylaxis have practically cut short by half the duration of the
malady.

Another objection however has again been raised against preventive quininiza-
tion ; to the effect namely that it may produce Chininfasten Malariaparasiten ;
in other words, races or strains of parasite extraordinarily rebellious to curative

doses of quinine.

The resistance of malarial parasites to quinine in those stages which are
designed to secure conservation of species (merozoits, gametes) has been known
for some time through repeated clinical and experimental observations. Since
1900, that is to say at a time when quinine prophylaxis was not even spoken of, 1
have stated my opinion that it is where malaria is grave that relapses of malarial
feyerdtoo become more obstinate, in spite of every kind of treatment, quinine or
mixed.

. To-day however some young medical men in our hospitals who have not seen
the gravity and persistence of fevers of former times, unhesitatingly blame quinine
prophylaxis.

More reasonable is the attitude of Professor Bignami who was the first to
import into the field of malarial relapse and its therapeutics, the chemotherapeutie
cal conceptions of Ehrlich with regard to the resistance of trypanosomes to
arsenical preparations, and who while conceding that the formation of types truly
resistant to quinine may rarely occur, is 10 less warm in his advocacy of quinine

prophylaxis.

Finally Naiva after having described an experience of this prophylaxis in
Brazil the cutting short of which by thereturn of the operatives to a healthy place,
exploded their latent infection, arrives at the conclusion that “ This says nothing
against quinine prophylaxis—up to the present the single and best means of anti»
malarial defence—but rather suggests the advisability of intensifying it with avera
age daily doses of 40—60 cgr., and of prolonging it even after return to a healthy

locality.”

For the rest, it is noted that mountain air ** brings out the fever ; ” which
means that those who had preserved apparent health in places and months of
malaria, frequently fall ill (in hill climates) with obstinate and even pernicious
types of fever. No one wonders therefore that in years of-graver epidemic, even
though regular but insufficient quinine prophylaxis may have been followed for the
whole period of residence in a malarious place, if such is not continued for one or
two weeks after return to healthy surroundings, fever manifests itself. Such fevers
however in general are less rebellious intheir relapses to quinine treatment.

This affords some confirmation to the view that, as a rule, parasitic strains,
absolutely resistant to quinine, are not formed by the prophylactic use of that
remedy.

This much at all events is true, that fevers amongst the protected are more
easily cut short by exalting the dose, and raising it from a prophylactic to a
curative level.

F.=—MI1XED PROPHYLAXIS. QUININE AND MECHANICAL PROTECTION TQ
DWELLINGS. ~

In the past year, 1910, this was continued along the State Railways,

To estimate its value we can compare the rccorc}s of the ex-Adriatic State
Railway from 1888 —1901 with those of the same railway under State managee

ment from 1goz=—1910 (inclusive).

1388C
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TasLe XVI.

Malayia along the ex-Adriatic Railway prior and subsequent to State Contyol,

1888- 1905,
————— “1gor. 1902, | 1903.] 1904. () 1906.| 1907.| 1908.] ¥90g.| 1910,
.Percentage of cases e | 6902|4493 1 30°32 | 33°30 [ 3044 | 2456 | 22:70 | 1570 | 1384 | 13°67

-A'v;d‘:agé‘dufatibn of each casé in | 7'88| 60| 6'35| 7'53| 764 790] 858 | 0671366 1431
y& . ’ ’

Working days lost per annum per | 548 3'12| 80| 248 3'0r] 3'30| 241 | 317| 1r8p| 196
employee. :

(a) Year of periodic recrudescence.

The preceding table with diminishing percentage of cases, and of working
days lost through illness, shows progressive improvenrent along the ex-Adriatic
line, when the results of the period 18881901 are compared with those of the
year 1go2 (in which quinine prophylaxis was commenced) and subsequent years.

Better results however should attend the definite organization of ‘an antis
malarial staff along the railway, especially if reinforced by a system of rewards to
the diligent and fines for transgressors.

The more eloquent figures of the following table afford us a glimpse of the
goal at which we can and ought to arrive.

TABLE XVII,

Malaria along the Sardinian Ratlways.

Percentage of employees attacked by malarial fever in the
undermentioned years,

18g7./1808./1899.11gov.[1501 {1902 {1903.[1904.103. 1906. tgo7. | 1908.} 190G, xbm.

Rbyal Sardinian Railways.) 40 {46 | 40 | 21 | 17 |15 | 10 ]| 15 ] 16 64 70 8o 8'.6 '3

.Sa'rdinian Compﬂ.ny Raﬂ' 11 s YY) T ) 50 58 5, 46 3'7 7'6 3'8 29 3-8
ways, . .

From this table we see especially in 1910 that in spite of the epidemic
widely' prevalent in Sardr.m-’a, mal?.ria exhibited a mildness amongst railway people
in surprising contrast to its severity amongst the neighbouring rural population,

_ Medical opinion“unanimously ascribes this result chiefly to prophylactic
-quinine. -

Amongst customs officials also (v7de Table XVIII), the malarial sick rate in
1910 was confined to a very low limit (3 per cent. circa).
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TasLe XVIII,
Malaria in Customs O fficials.

Verified

b

Year. oft?u?t:r;s ;;:l': r?afl Percentage. Remarks,

Qﬁicxats. | Pever.

1900-032 !,738 1,035 65'30 | No prophylaxis of any sort.

1903 o] LS | 222 12'73 | Mechanical prophylaxis.

1904 ol 5714 209 | 1219 Id.

1965 we ] 1,728 187 10'86 | Mechanical  prophylazxis
and commencement of
quinine prophylaxis.

1906 ‘os . 1,614 08 7°3t | Mechanical and quinine

i prophylaxis,

1907 we | 1,643 73 ! 4’50 Id.

1908 vee ] 1,511 73 . 4'83 1d.

1909 e | 1,876 62 | 3'30 Id,

1910 . | 1,559 61 3'94 Id.

|

The statistical details regarding customs officials and railway men of the
Sardinian Company Lines thus demonstrate that mechanical quinine prophylaxis
reduces and maintains malaria at a level as low as in years and localities of
extensive epidemic prevalence can for the present be desired. Finally the
following figures demonstrate the benefit which quinine prophylaxis has conferred
upon the populations of rural labour centres.

G.—MALARIA AT PONTEPOSSERO AND UNITI (PODERE PONTI).

Year. Percentage population attacked
: by malarial fever,
Prior to 1902 we  60'80%
In 1903 .t 55%
In 1903 . oo on 40%
In 1904 30%
In 1905 16%
In 1906 98 %
In 190y 2%
In 1908 (a) 2'9%
In 1909 (a) 3'2%(%)
In 1910 (a) 3'4%

(a) Years of epidemic recrudescence in the district of Verona.
(b) First attacks—about 2%.

The epidemic recrudescence of 1908-10 in the district of Verona was there-
fore almost averted at this model farm, where the effects of combined water
power and drainage reclamation works which leave anophelism entirely untouched

were made good by rigorous méchanical protection reinforced by quinine prophy-
laxis.

H.—DESTRUCTION Or MoOsguirtos.

In Algeria the experiment of inseminating stagnant or sluggish waters with
+ Asolla—which by forming a densc and coptinuous green carpet on the surface
impedes the breeding of mosquito larvae—did not succeed.
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At Cervellettain the Roman Campagna according to the distinguished .
American Entomologist L. O. Howard, the change during the last eight years has
been “ simply miraculous,” and the salubrity of the place is now perfect; yet
anopheles continuously flourish (and could; not do otherwise) in the irrigation
canals-~in spite of the splendid works of local drainage, carrigd out with a
foresight and energy which even to other nations might serve as a model.
Warfare against mosquitos of the genus Culex, breeding in putrid water within

and,in the neighbourhood of towns, by destruction of the larve assiduously and
regularly from May to October, might show more efficacious results.

But even in the German towns which are models of practical organization——
especially as regards sanitation—Dbut little headway has been made in the culicidal
campaign ; whilst according to Muhlens, in the agrarian zones of Germany where
malaria has reawakened in latter years, mosquito destruction methods have
been laid aside as impracticable, and our plan of gratuitous quinine has been
adopted.

I.~=HVYDRAULIC RECLAMATION WORKS?

-~ Dr. Carlo Galimberti of Chioggia discloses to us the amount of praiseworthy
ardour devoted to the establishment of those companies for hydraulic reclama-
2ion and drainage, which-—to the number of 36—intersect the low lying parts of
the Rovigo district.

Thousands of hectares of land agriculturally .poor or wholly unproductive
have been restored to new life; with much greater consequent increase of the
value of private property, than of amelioration of paludic and malarial conditions,

He therefore recommends provision throughout the summer months by
means of special conduits, of river water to prevent the irrigation supply from
putrifying in the drains ; and he calls far iron legislative provision to oblige
agriculturists who profit by the irrigation, to keep their ditches free from algee
and choking weeds, and to remove every source of stagnation in depressions of
the soil ; and he expects from the administrative agencies of these companies
vigorous and judicious regulations .". . enforced with due stringency : in the case
of the negligent, the careless, and the slothful, even compulsorily. But he will
cry out and wait in vain ! By trusting solely in himself and his colleagues, and
scattering quinine with a free hand in alarial prevention—he will succeed* much
more quickly and easily in quenching the periodic recrudescences of the disease,
and will rapidly effect its eradication without inconveniencing legislators, coms.
pany administrations, and agriculturists, who attend only to the simplest advice,
and think of nothing but immediate profit;

To reclaim the marshes and brackish lagoons of the continental and insular
littoral, Casu proposes to turn them into breeding preserves, for fish, by facilitas
ting more rapid and more ample communication with the sea,

According to Di Pace marginal reclamation of these collections by deepening
and banking them up so asto bring about the disappearance from their edges of
palustral flora, with such increased surface disturbance by the motion of the
waves that they will no longer lend themselves to mosquito brecding, turns out
continuously more costly and frequently does not fulfil in practice the conditions
necessary to mosquito destruction ; particularly is this the case in water channels
which empty themselves into inland water basins, and in natural or artificial. bays
of the latter. '

The transformaison of these collections info sea water in addition to being
more remunerative would be efficacious in destroying anopheles larvz.

We should thus have industrial hydraulic reclamation which—no less than
agrarian hydraulic reclamation—I have for some time advocated with the object
of extracting the maximum benefit—directly economic and indirectly hygienic—
from these huge and costly public works. '
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The drying up of mérshy areas by utilising the transpiratory properties of
trees appears to be more and more of a failure.

Taxodium Disticum planted in Algeria for this purpose proved even less
usefu! than the Eucalyptus and Willow.

J.—AGRARIAN RECLAMATION—COLONIZATION.,

To those who extol agrarian reclamation and colonization as the panacea
for malaria, I dedicate the new facts disclosed by observation during 1gvo.
Proceeding from North to South 1 observe that in the fraction of Santa Maria
in Punta which is covered by the operations of the Isola d’Ariano Hydraulic
Company, recrudescence of malaria took place subsequent to reclamation—to be
precise in 1go8-0g—on a scale unparalleled in pre-reclamation annals.

The same is true of Loreo Municipality, where during the last triennium
(1998-10) periodic malarial recrudescence followed its fatal course, though the

area hydraulically reclaimed was under dry intensive cultivation as perfect as that

of the_best cultivated districts.

Such is the account of Dr, Galimberti of Chioggia, and Professor
G. Brambilla, Director of the Peripatetic Anti-malarial School, confirms it.

'Doctor Mayer in his turn assures us that the failure, notwithstanding official

-enquiry, to explain the unforeseen increase in malaria for the four last years in

succession in the district of Adria, where improved reclamation of agrarian
hydraulic type had been completed, created considerable stir. In the end beet-
root was blamed and some even went to thelength of preaching the necessity of

" prohibiting its culture !

Clear and obvious therefore was the return of one of those periodic recru-
descences of malaria, which in past times brought such ruin upon the most
flourishing colonizations, and which—though now-a-days milder and more tran-

sitory-—can, and should, none the less be curbed by the administration. of prophy-

lactic and curative quinine.

Near Grosseto also, at the splendid Ricasoli farms, Professor Memmi has
been jable, to prove tangibly that intensive cultivation by itself has had noinfluence
in diminishing malaria, and still less in causing (as some believe) malaria to dis-

-appear.

In Sicily—according to Janni—near Riesi, despite intensive culture of the
surrounding hills, malaria has not been removed, and thanks to quinine alone has
it been possible so far to subdue it.

The same may be said also of other towns and rural boroughs in the island,

But even more typical was, and is, the example of the Rizzolo property
within Francofonte Municipal limits. Here, according to Trambusti, vines, lemon
trees, almond trees, mulberry trees, olive trees, and cereals were planted for the
last three years by intensive culture ; hygienic dwellings provided in addition with
wire gauze netting which (through the negligence of the colonists proved ineffi-

-cacious) were constructed ; mosquito curtains were introduced, and the irrigation

reservoirs pettolized.

But notwithstanding all this splendid reclamation work, and despite the
persevering efforts of the proprietors, malarial infection remained constant and

-severe, until in 1910 the simple and easy administration of regular quinine to the

healthy and the malarial, opened a new era of salubrity.

K.—SPECIAL LEGISLATION AGAINST MALARIA.

According to Reynaud “ the Italian Government has put into force a collece

tiog of laws which are models for imitation ;” and they are in fact becoming
-continuously more extended amongst the colonizing nations of tropical countries.

1388C
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A decree of the 20th of October 1905 authorized the Governor-General of Mada-
gascar to take measures to facilitate the sale and distribution of quinine to the
population of the colony. Other ministerial decrees of the 16th of March 1gog
and 2sth of April 1910 gave similar facilities to the Governor-Generals of Cochin
China, and Western and Equatorial Africa, and to the Governors of Guiana,
Martinique, Guadeloupe, Reunion, and the French possessions in India.

By these decrees the struggle against malaria is organized and generalized
for the first time, and quinine prophylaxis compared with all other prophylactic
measures is placed in the forefront. The Argentine Government also by law

No. 5195 of 1907, and by regulation of the 3oth of July 1911 has adopted our
legislative programme.

All the more then are we constrained by the spirit of *“ moblesse oblige”
to perfect it in conformity with the teachings of experience in latter years. At
Mantua, for example, it has been demonstrated again and again that provincia-
lization—in part of the province—of the purchase and sale of quinine, working
through the provincial doctor down to communal health officers, is one of the
most righteous and efficacious of social ordinances for the defence of the working
man against malaria, and for the ‘ Mise £n Valeur' of the soil.

There isalso need. of utilising to better advantage the treasury balances of the
Home Department and of the Quinine State Factory (v7de Table I11) with the object
of supplementing the work of municipal administrations where the latter is deficient,
and especially of eliminating the continued transport of contagion by itinerant
nomads of the agricultural labouring community in the more severely stricken
cultivation stretches.

The quinine prophylaxis experiment conducted amongst the gleaners of
Barletta with funds furnished by the praiseworthy Visconti di Modrone Institut,
and through the zealous labour of Dr. Casardi and his two colleagues—whether on
account of the successful protection of its recipients, or the strident contrast
presented by the unfortunate human flotsam and jetsam of malarial fever—shows
how very necessary is that organization, which apart from and in addition to the
poor and insufficient action of municipalities, I have for years been calling for
throughout the Tuscan marshes, Tavoliere delle Puglie, the Metaponto plain, and
every other cultivation stretch on the Tyrenean, Ionian and insular littoral.

L.~~ORGANIZATION OF THE ANTI-MALARIAL CAMPAIGN.

This must be adapted to local conditions. And where (Tuscan marshes,
Lazio, etc.) new colonization is started far from an inhabited area, there is need
of stationing dispensary doctors and establishing rural dispensaries in the heart
of the fields. The Municipality of Rome was the first to seta good example in
this matter as far back as 1874. The rural dispensaries in the heart of the
Roman Campagna to-day number 16 with g more in the suburbs. And further
steps are now being taken to increase and improve both.

Where long established intensive culture (vines, gardens, etc.) is growing
close to the large rural boroughs (southern continent and 1slands) and the peasants
go to the fields in the morning and return in the evening, i¢inerant anti-malarial
stations are of use on roads of communication, for the purpose not only of repress-
ing but also of preventing malarial fevers by the administration of quinine. =

Lastly, where (Tyrenean and lonian marshes, Sicily, Sardinia) cultivation
stretches and extensive culture predominate, travelling doctors and nursing attend-
ants, equestrian or vehicular—as organized to admiration by the Red Cross in the
Roman Plain, Pontine marshes and Sicily—~are indispensable,

The Malarial file devised and used since 1904 by Dr. Tuveri at Villaputzu
(Cagliari) is worthy of praise and imitation by dispensary doctors.

Such a file is composed of personal sheets containing the so-called malarial
Tife history ; easily displaced to admit of their preservation in rigorous alphabetical
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order, and to allow at need of their arrangement for purposes of statistical elabo-
ration—in order of date, age, sex, civil status, economic condition, etc.

To each of these sheets is applied a loose cover made of pasteboard folded
in two, with one side the same size as the sheet, and the other windowed in such
a way as to admit of the title and principal entries of the contained sheet being
seen without taking it out.

. Two colours are adopted for the sheets (male and female) and four for the
covers (white, red, green and yellow) corresponding to cure, first attack, relapse,
chronic condition. There is thus the advantage of being able by a single glance
at the series to see the state of the malarial problem in a community ; that is to
say of heing able to determine day by day the total number of sick, the separate
number of first attacks, relapses, and chronic cases, and the number of cures at
each age period and in both sexes.

So extensively however and so constantly in many a malarial district is the
work of the dispensary doctor and health officer still opposed by the ignorance
of peasants, the apathy of landlords and farmers, and the confusion of Municipal
Administrations, that it is difficult to establish efficacious prophylaxis against the
malarial scourge.

Hence it was that in deference to certain of our distinguished pathologists
and clinicians, prophylaxis was neglected during 1910 even where (district of
Grosseto) it had proved tangibly beneficial.

A sense of sadness invades the mind that reflects upon this retrograde
step through which it was attempted to retard ltaly’s progress by fettering the
prophylactic movement so laboriously initiated.

The principle of maximum wtility with minimum means was forgotten, and
either by new attempts at organization entrusted to unskilled hands, or by the
so-called * human reclamation,” the intra epidemic campaign was spoiled; and
worst of all much energy and vast sums of money, which might most usefully
have been concentrated during the summer and autumn upon places where the
conflict was at its worst, were expended on sanatoria. The eloquent example
set by the Sicilian Red Cross, who succeeded in extracting maximum utility with
the smailest effort from prophylaxis—as opposed to mere treatment and sanatoria
ought now to be preached.

In Sicily to wit:—

On sanatorium treatment—wresulting in 86 recoveries after 2,011 days in hos-
pital—6,940 lire were spent in the sstivo-autumnal season at a total cost of 8o
lire, and a daily cost of 3°45 lire per head.

For this latter sum about 42 persons might have been protected throughout
the whole @stivo-autumnal season by prophylaxis.

In the inter-epidemic campaign 3,358 individuals were treated at a more or
less frugal expense of 36,125 lire, that is to say 1073 lire per head, an amount
which would have sufficed to protect between five and six persons.

On the other hand during the epidemic period, 24,564 persons were protected
by prophylaxis at a cost of 46,305 lire, or 1'88 lire per head.

For educational purposes prophylactic demonstration camps are also particu-
larly necessary. These, interdicted at home by a mistake, were welcomed with
the happiest results in Algeria,

The propaganda of local medicai men ought to be better promoted and
more liberally rewarded, The school with its demonstration propaganda—that
is to say the quininization of scholars, and the hunt for mosquitos, as well as
assiduous oral instruction and illustration—-ought increasingly to imbue the rising
generation with the principles, and instil into it the habits, which result from that
anti-malarial and sanitary education upon which—as upon the keystone of an
arch-—modern prophylaxis rests.

The anti-malarial education station of Naples and Capua, directed towards
this noble ideal by Professor Ernesto Cacace, has continued its mission in
normal and popular schools from Alexandria to Salemi.



148

The Viscenti di Modrome Institute with its travelling lectureship against
malaria has contributed in Venice (Chioggia and Donada) and in the South
(Fiumeri, Rochetta, Sant Antonio, Barletta Metaponto, Rotondella, Sorano,
Taranto, Crucoli) to the diffusion of hygienic and prophylactic rules for avoid-
ance of the disease, and to the gratuitous distribution of quinine (sugar-coated
preparations and chocolates) to the poor; especially to itinerant labourers, for
whom the laws make no provision. In these ways it has assisted the progress
of agriculture and colonization in malarial tracts.

We cannot impress too much upon the rich and lazy owners of cultivation
stretches, the example of that philanthropic gentleman of Milan whose financial
donations were, with the active co-operation of Professor Giuseppe Brambilla, as
effectively utilised, as they were generously bestowed,

The attention devoted to cholera disturbed the anti-malarial campaign in
places.

M.—ProPHVYLACTIC CONCLUSIONS.

1. From ltaly the social provision of quinine by the State has gradually
spread to Austria, Greece, Bulgaria, the Argentine, the French and Dutch
colonies, and also (perfecting a long standing institution) to English India.

2. In Italy from 1902 to 1908 while the consumption of State quinine pro=
gressively increased, mortality from malaria correspondingly diminished by
two-thirds. From 1908 to 1911 the consumption of State quinine remained
stationary with slight oscillation, and mortality from malaria remained correspond-
ingly constant at a figure of about 3,500 deaths per annum.

3. Mortality from malaria from 1902 to 1911 underwent most diminution in
the divisions most infected and most disorganized (Basilicata, Sardinia) ; and
those periodic recrudescences moreover—which appear to have been as severe
as they have always shown themselves in other epidemics—ceased throughout
4lie most malarial parts of Italy from Lazio downwards. .

4. On the whole we are justified in believing and hoping that vigbrous and
united effort by facilitating -the use, and increasing the consumption, of the
valuable State drug, will result in the continued decline of malarial mortality.

5. Since we have as yet no prompt and certain means of diagnosing latent
infection those parasitic forms which subserve the conservation of species in man
and mosquito (manage to survive and) are stilj as in various years and localities,
they have been in the past absolutely resistant to quinine and every other remedy.

No remedy therefore, quinine not excepted, is always effective in enabling

. us to eradicate malarial infection at will; and so not even with the most accurate

inter-epidemic and pre-epidemic treatment—much less with the kind of sanatorium

that gathers in little carriers of plasmodia without the means of curing them all

permanently and effectively~—can we believe it possible for malaria to be exter-

minated (koc opus, hic labor est) in an extensive locality already overrun by the
disease.

6. In places of severe or even moderate epidemic prevalence malaria may
not only be cured, but even better prevented with quinine. Hence quinine pro-
phylaxis, resisted in lItaly by some clinicians and pathologists, has spread itself
all the more rapidly to every corner of the malarial world.

The Consensus Omwium to-day places it in the first rank amongst anti-
malarial measures, not alone for civilized countries but even for the colones.

7. Propbylactic quinine followed by us in 1910 has given moreover, where it
was most regularly used, the most brilliant results; for example in schools, in the
army, in the marine in the forges of the Public Works, amongst miners, at rural
labour centres, and amongst agricumural populations. Where unfortunately it
was suspended controls were not lacking to demonstrate all the more clearly its
efficiency ; whilst in confirmation of its harmlessness none of those inconveniences
and drawbacks~~postulated but not proved by hostile theorists—~-were verified. -
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8. In our more intensively cultivated levels, noless than in those under broad
cultivation, the anti-anophelic campaign (except by the protection of the houses
of a-few of the better oft against mosquitos) is not practically feasible.

¥ Mixed prophylaxis (anti-plasmodic and anti-anophelic) ” on the other hand,
where—as in the case of our customs guards—it can be simultaneously carried out
by the administration of quinine and the provision of wire gauze netting to keep
mosquitos at a distance from dwellings, conduces toreduce malaria to a.
minimum, and to render it as mild as can possibly be wished.

In this sense it should be brought to a higher pitch of perfection along our
railways, especially those of the State. .,

9. The urgent necessity of reforming the more costly and less remunerative
of our laws with regard to hydraulic reclamation, is now universally recognized
with the view of subordinating these projects and their execution to economic
requirements—agricultural or industrial; of lgaving to the medical hygienist the
prevention and cure~~hinc et nunc—of malarial fevers; and in concert with the
engineer and the agriculturist, of preparing the enfourage in such a way, that the
¢ mise en valeur’ of the locality, may contribute to the fixity and maintenance of
human tenure during all months of the year.

10. Improvement in our legislation with regard to State quinine is increas.
ingly urgent, with the object of placing on sale not only abroad but more especial-
ly at home, further indispensable compounds (tannate in chocolates), as well as of
facilitating the provision and distribution of the various quinine products through
the medium of divisional administrations in preference to municipalities.

11, Sanitary anti-malarial organization likewise requires urgent perfecting at
its distal points ; with the object of securing Government supervision of wandering
malarial carriers of the peasant class; of establishing rural dispensaries as the
first nuclei of new colonisations ; of perfecting in a prophylactic as well as curative
sense itinerant anti-malarial stations for the populations of large rural boroughs;
of sending doctors and traveiling nursing attendants to preserve and cure from
malarial fevers people scattered through the cultivation stretches. Better pay
should be given to sanitary inspectors and distributors of quinine under medical
supervision, and sanitary and antismularial educative propagandism amongst the
people should be supplemented by medical and school lectures—possibly even by
antern demonstrations.

12. To Italy, the first to take the anti-malarial field, belongs the duty of
leading the van in this war against the malarial scourge, which by energetic and
concerted effort can now be so easily vanquished. The conquest of fresh colonial
territories, where malaria is also one of the enemies to be overcome, ought not to
make Italy forgetful of her duty towards so many districts at home,~now as well
as in the past, rendered miserable and desolate by malarial fever.
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MALARIAL OPERATIONS IN THE CITY OF BOMBAY

By Dr. %Y. A. Turner, M.D., D.P.H., Executive Health Officer, Bombay
Municipality.

Bombay is situated on an island on the shore of the Arabian Sea in 18°
55" N. and 72° 54" E. This Island was composed formerly of 7 small islands, and
forms one of a group lying off the coast of the Northern Konkan. [t is now
permanently united with the larger Island of Salsette, and with the mainland by
means of causeways, bridges and break-waters.

The climate of Bombay is warm, equable and humid. The average mean
annual temperature is 79'6° Fah., January being the coldest month with an
average mean temperature of 73'9° Fah., and May the warmest with an average
mean temperature of 84'7°.

The total population of the City during the last Census was 979,445,
This figure represents only the fixed and permanent population; there is
besides a floating population of about one lakh and consists of people of the
labouring class who visit Bombay during the dry weather, returning to their own
homes just before the onset of the rainy season. Practically the total population
during the greater part of the year varies from goo,000 to a million,

The total annual average rainfall is 72 inches; during the present year it
was 52.

The atmosphere of the City is generally moist, the lowest relative humidity of
0'668 (1,000 denoting complete saturation) occurs late in December. '

The prevailing winds vary according to season. During the monsoon
months the wind blows from W.-5.-W. The maximum velocity is 188
miles per hour and is attained in July. =By November the prevailing winds come
from the N..E. but from January onwards, the easterly component gradu-
ally disappears and is replaced in March by a westerly one, -

The total area of Bombay is 22°55 square miles.

During the year 1911, the total death-rate of the City was 35'69, the birth-
rate 21'82, and the infantile mortality was 379°8. '

The Municipal Administration :— At the head of the Municipal Administra-
tion of the City are the Municipal Corporation, the Standing Committee, and
the Municipal Commissioner, who is a member of the Indian Civil Service. -

The entire executive power is vested in the Municipal Commissioner. To
assist him in the discharge of his duties, there are four heads of Departments,
including an Executive Health Officer and an Executive Engineer.

The revenue of the Municipal Corporation in 1911-1912 was
"Rs. 1,20,77,000.

Sanitation :—The Public Health Department of the City is under the
control of the Executive Health Officer assisted by two Assistants., For
administration purposes the City is divided into seven Wards, each of which is in
charge of a Deputy Health Officer, who is a qualified medical man, '

The Deputy Health Officers are responsible both for Conservancy and
Sanitary work in their respective Wards. They are ‘each assisted by a staff
of Sanitary and Conservancy Inspectors, Assistant Inspectors and Sub-
Inspectors. :

For the purposes of registration of births and deaths and for free medical
relief, the City is divided into 10 Districts. in each District there is a Registrar,
two or more Sub«Registrars, and one trained nurse or qualified midwife, Th-
Registrars and Sub-Registrars are trained medical men. The former ha
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charge of the Municipal Dispensaries, in addition to their own daties, which
include the registration of births and deaths, the checking of Cemetery returns,
enquiring into the causes of deaths, and disinfection of houses and rooms in
which infectious disease has occurred.

The staff of Inspectors and Subordinates engaged in the sanitary and
conservancy work of the City during the year 19111912 was as follows +—

3 Chief Inspectors.

8 Sanitary Inspectors.

g9 Conservancy Inspectors.

70 Assistant Sanitary and other Inspectors.

During the year 191i-1912, Rs. 21,43,165-15-0 were spent on the Public
Health Department, Rs. 4,72,857-9-1 on. Hospital and Medical relief, and
Rs. 1,335,903 on Plague work, and Rs. 84,000 has been estimated for

alaria.

Before proceeding with the subject of the present measures adopted
by the Corporation for the extermination of Malaria in Bombay, 1 will
say a few words about Malaria in Bombay in previous years, with a
view of showing what has been done in the City with regard to Malaria since
1go1, the period that has elapsed since the Mosquito-Malaria theory was
accepted in 1900, 1 do not say that a great deal more could not have been
done in the light of later knowledge. But 1 offer no excuse for not undertaking
such work on the scale which mosquito enthusiasts demand without taking into
consideration certain practical issues. The reasons that special campaigns
were not undertaken were that other and more important duties claimed our
attention. The incidence of Malaria in Bombay was not sufficient to watrant
enormous increase in expenditure. - The finances of the City were being strained

to the utmost in measures to control Plagve, Cholera and Sm =~ ¢ and
improved sanitation generally. These notes are no sort of apol or the
Health Department nor for the Corporation of Bombay. They ai_ ... faets

as they occurred, and if the time has arrived when the pressure of work in Plague,
etc., is less and more attention can be given to the prevention of Malaria in
Bombay, the Corporation and its executive will be willing and able to carry out
such work, bearing in mind the practical difficulties to be overcome and with
a due sense of the enormous work to be done in a City like Bombay.

In September 1gor, a Committee of 11 Members of the Corporation of
Bombay was appointed to consider the measures necessary for the prevention
of Malada in the City. Thus Bombay was the first City in the World to make
any attempts to combat Malaria on the then most recent knowledge.

On the 19th December 1901, the Executive Health Officer submitted the
following Report to the Commissioner : —

“ With reference to your Nos. 16884 and 18923 of the 21st September and
11th October 1901, respectively, [ have the honour to forward the subjoined
report on the presence of Anopheles larvae. In this connection, 1 would mention
that the Divisional Health Officers have for some time past been devoting their
attention to the presence of larva in various parts of the City and are able to
supplement the places where larva have been found by many other places.

“' It will be seen from the Divisional Health Officers’ reports, which I append,
that their investigations practically extend all over the City.

“The chief specimens of Anopheles mosquitoes found in Bombay are : =
* Anopheles Rossii, Barbarosi, Jamesii, Culicifacias, Stephensi, Listonii.

““ Of these the Anopheles Culicifacias and Listonii are the only Malarial-
‘bearing mosquitoes known here at present.

““ The Anopheles larvee are found where water collects for any time. In
large collections of water or large open tanks, the presence of larvee has been
detected—but only in small numbers and these chiefly in the dry weather when
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more shallow pools are dried up; in a few wells inside houses, and in puddles
on the road side, and wherever small quantities of water collect in road side
ditches where there is very little fall, the presence of a small quantity of sewage
- .or polluted water does not appear to be inimical to the larva and they
have heen found on the fore-shore of Nepean Sea Road in water which is
actually salt. That the Anopheles larva are ubiquitous must be accepted and
that a small puddle of water in the compound of a house is more dangerous
than a tank or swamp half a mile away.

“ 1 advise the Committee therefore that the best known means of preventing
the breeding of Anopheles is to drain”all marshy and low-lying land, by pro-
viding surface drainage with a sufficient fall in all places where water collects
and remains for any time; that when the land cannot be so drained and filled
in, the only means for destroying the larve is by introducing some larvicide
as kerosine, tar, or any of the substances known in the market—as Anophe-
lecidum—a hydrocarbon compound which is now being used.

“The Divisional Health Officers have anticipated the report of the Com-
mittee and have for some time been taking steps to destroy larvae in their
respective districts and have instructed their Inspectors in the methods to be
observed and the reasons for doing so. -

“ The Committee can, however, strengthen the hands of the Health Depart-
ment by recommending to the Corporation the necessity for keeping all existing
tanks well supplied with fish and by draining and filling all lands where water
collects and making all roadside drains of sufficient fall with smooth imper-

vious sides,

“ The fact that a species of Anopheles mosquito is the vehicle which conveys
Malaria is now widely known, but any attempt made to permanently destroy
“the larvee will be futile, until the public generally recognise that the Anopheles
mosquito cannot breed without water, and they are educated to appreciate the
fact that Malarial fevers are the cause of most of the sickness in the City,
that mosquitoes hate light and air and love darkness and damp. The aim
then should be to get rid of the possible breeding places and to take such steps
as are necessary to prevent the collection of water near houses.

“ Symmary of Divisional Health: Officers’ reports on breeding places of
Anopheles larva =

(1) Various public fountains. ‘
(2) “4arshy ground at Pilot Bunder, Chowpaty and Wari Bunder.

(é) Various public tanks and wells.
(4) The countless pools found throughout the Island.

(g) Certain storm water drains.
(6) Certain quarry holes.
(7) Pools in rice-fields at Matunga.

(8) Trenches by the sides of the Railway embankments,”

On the 6th March 1goz, the Corporation at their ordinary monthly meeting
resolved :—

“ That the report, dated 4th February 1902, of the majority of the Com-
mittee appointed by the Corporation Resolution No. 7232, dated
oth September 1901, to suggest measures for keeping the tanks,
etc,, of the City free from Anopheles larvee be approved and
adopted, and a copy be forwarded to the Commissioner with the
request that he will take action as suggested by the Committee.”

The Report of the Committee stated that Anopheles larva had been found
in every part of the City and in a great variety of situations and only to a limited =
extent in tanks and wells, but abundantly .in fountains, in pools formed by
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leakage from reservoirs, standpipes and water taps, etc., that, as the six species:
of Anopheles mentioned were all very much alike in outward appearance, it was
not practicable to discriminate between them in carrying out measures for their-
destruction, and that though the distinction between the two main varieties of «
mosquitoes, 77z, Anopheles and Culices was marked —yet the Committee thought
that 1t would be better if the officers of the Corporation did not restrict their
efforts to Anopheles, but rather aimed at the destruction of all mosquito larvae
as, although Culices had not been shewn to convey Malaria, yet they might
convey other diseases and, moreover, the annoyance and the irritation caused by
them might not be without effect on the health of the people. The Committee
further stated that they recognised the importance of securing the co-operation of
the public if any success was to attend the operations of the Municipality.

For practical purposes the Committee divided the breeding places into two
classes, v7z., (a) those which are permanent and (4) those which are formed by
rain during the monsoon season only. : ‘

With respect to class (a), they recommended that vigorous action be taken
at once; that all wells, fountains, and tanks, which it was desirable to retain
should be cleaned up, if necessary,”and stocked with fish; others should be
drained or (lledup. In some cases (e.g., wells within houses, cisterns and
storage tanks), the water should be protected by wire gauze or perforated metal
sheets; that collections of water round standpipes, hydrants, or storage tanks
and also those formed by leakage from the reservoirs should be dealt with by
surface drainage. These and also gully-traps found to contain larvee might be
treated with kerosine oil or tarred once a week.

Places where Anoph%eles larvee were found in private premises should be
dealt with under Section 381 of the Municipal Act,

To deal with class (), the Committee thought that the whole of the subor-
dinate staff of the Health Department and, if possible, the Drainage and Road
Departments also, should be taught to distinguish mosquito larve and to watch
for pools, etc., containing larve and treat such, when found, with kerosine or
tar, and that, when they found such measures impracticable, they were to report
to their superiors, and that the Executive Engineer should be requested to
co-operate with the Executive Health Officer.

During the past 11 years, every section of the City has been, to some extent,
dealt with. Had this not been so, what would have beenthe position of Malaria
in Bombay to-day can only be conjectured.

From the first, the measures taken by the Health Department with regard
to Malaria were part of the routine work of the Health Department, always in
the direction of improved sanitation, draining, levelling and filling in, cleaning of
wells and tanks and sanitary measures as well as mosquito extermination. No so-
called campaign per se against Malaria had been undertaken for this reason.

In 1901, the whole of the Plague measures were taken over by the Health
Department. [t was considered that Plague, Cholera and Small-pox should
receive more attention than Malaria,

In 1905 the Corporation asked the Government of Bombay to appoint a
Committee to enquire into the prevalence and causation of Malarial and other
fevers in Bombay. The Committee was comprised-of representatives of the Gov-
ernment Medical Service, Sanitary Service and Mosquito experts, members of
the Corporation and medical men, and took a large amount of evidence from
medical and lay residents in Bombay and was provided with two special officers of
the municipal Staff—medical and engineering—and all the reports of the Health
Department for the past 20 years. The Committee sat from 1go6 to 1908 and
issued a report from which the following is an extract :— :

“ We may premise the consideration of this part of our report by attempting

.to arrive at some understanding of the expression ‘ Malaria and other fevers.’
The term * Fever ’ is popularly used in India to denote a condition of ill-being
which is known by the modern medical practitioners to be produced in a number
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of diseases. At one time, however, the term ‘fever’ was held, in India at
Jeast, to be practically synonymous with the term ‘malaria.’ But as medical
knowledge has year by year progressed, various types of fever have been
differentiated, so that now among the more advanced physicians, fever is
regarded as a symptom of a disease rather than as a disease in itself. It thus
-comes about that the expression ‘Malaria and other fevers’ has a different
significance for different persons, according as each is more or less au fait
-with the recent advances in the scientific study of disease.

“ Unfortunately, however, even those medical men, who are more anxious
-to be accurate in the names they apply to diseases, are forced-at times, on
account of a defective nomenclature for tropical diseases, to erroneously
.classify, for the purposes of registration, a fever as Malarial, which may not
‘in any way be connected with the presence of the Malaria parasite in the
‘blood.

“ The year 1goo marked the turning point in the health of the City, for
from that year till 190y the death-rate has fallen with slight fluctuations to 39'56
in 1907. -

“1f we compare the mean annual death-rate for the ten-year period before
the advent of Plague in 1896, véz., the period 1886 to 1895, which had a mean
annual death-rate of approximately 29, with the ten-year period after the advent
-of the Plague, 1896 to 1905, which had a mean annual death-rate of nearly 65,
we observe that the death-rate had more than doubled. It should, however, be
remembered within the latter period are embraced four years of scarcity and
famine which were attended by an enormous mortality from Small-pox, Cholera,
Dysentery and Diarrheea. Bearing thisin mind and allowing a wide margin on this
account, we are struck by the sudden and remarkable increase in the death-rate
of the City coincidently with the advent of the Plague. We are thus forced to
the conclusion that the increased unhealthiness of the City must, in large part, be
“accounted for by the presence of this disease.

“ In seeking for confirmatory evidence for this conclusion, we may refer to
the recorded deaths from Plague and observe that out of 517,952 deaths from all
causes, during the years 1896 to 1905, no less than 141,285 deaths have been
recorded as deaths due to the Plague. That is to say, that more than three-
‘tenths of the total deaths during this period were attributed to this disease. It
is well known, however, to those who have had the opportunity of studying
“Plague in the City that only a portion of the total deaths actually due to this
disease are recorded as Plague deaths, Many which are really due to Plague
are registered under such terms as Phthisis, Fever, Asthma and the ke,
in order that the friends of the deceased may avoid the inconveniences asso-
ciated with anti-plague measures. We will not be making an over-estimate,
we believe, if we state that during the first 10 years of Plague, fouf-tenths of the
total deaths within the City were due to Plague. Fortunately during the
past two years, viz., 1906 and 1907, there has been a marked diminution in the
number of deaths from Plague and the death-rate for these two years showsa

steady improvement.

“ In our opinion the importance and the magnitude of this element (L
plague) in the unhealthiness of the City, places all other diseases in the back-
ground and demands even greater attention than has of recent years been given
fo 11.” ]

Thus the incidence of Malarial fever up to 1908 in Bombay appears not to
have been of sufficient importance, to justify the Committee in recommending
any extraordinary Malarial measures.

In the months of July to October 1908, hewever, about the time the report of
this Committee was published, a wave of Malaria spread over India, including
Bombay, and the following is a short history of the epidemic in the City.

During the year 1908, the month of October witnessed the highest mortalit
from fevers and registered 407 deaths; in June the lowest figure was recorded,
ig., 217. January to June were months of diminishing prevalence; and July to
October of increasing prevalence ; thereafter a decline was again visible.

:3886
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The following is the mortality from fevers .during the period from 1895«
IQLI 1— . -

YVears. No. off;l::::'s from
1895 ... | 6,404
1806 ... 8,776
187 ... 6,951
1898 .. 4,114
1899 ... 5,063
1go0 ... | 7,928
1901 .., C e | 7:921..
1902 ... 4,518
1903 .. 2,333
1904 ... ver 2,416
1905  wa - 2,878
igo6 ... 4,882
1907 e 5 e 3,663
1go8 ... : 3,403
1009 ... 2,800
1910 ... 3713
1911 e o 3,146

The figures indicate a decreasing mortality from 1907 to 1909; in 1908
there was a reduction in the number of deaths by 230 below that of 1907.

During the third quarter of 1908, a wave of Malaria severer than usual,
swept over India, and Bombay suffered in common with the rest.. Aand B
Wards suffered most, and in the former, especially Fort North. Reports on the
prevalence of Malaria and anti-malarial measures taken and suggested, with an
enumeration of the various breeding places in the City of the Malaria-bearing
mosquitoes were, from time to time, submitted to the Commissioner and the
Corporation. They were to the following effect :—

The importance of the disease in relation to its influence on the public health
cannot be over-estimated ; it is not the death-rate that is appalling, the majority
of cases are not immediately fatal, but the more or less permanent injury to the
constitution resulting from neglect.

In 1909, a report on the history of Malaria in Bombay from 1901 to 1909 was
published giving details of work done.

A careful examination of different localities in the City revealed several
breeding places of mosquitoes :—

I. The New Dock Works :—Very frequent and extensive inspections of the
works were made in company of the Port Trust Engineer and the Agent of the
Dock Contractors ; the measures comprised the cutting of all rank vegetation,
the filling in of all pools, where necessary and possible, and frequent treatment of
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Otl}e}'S with pesterine by this Department; the issuc UL PLUpLy lasus uuscs uL
quinine to the workmen. ~The authorities co-operated with the Health Depart-
ment and did everything that could be reasonably expected of them.

1. The deep excavation at the western extremity of the New General Post
Office Buildings; letters were addressed to the Consulting Architect to Govern~
ment, who ordered the pool to be treated with kerosine twice weekly.

1. The compound of St. George’s Hospital owing to the presence of rank
vegetation and accumulation of barrels, empty tins and iron basins. The Phys
sician-in-charge was addressed with a view to the removal of these.

1V, The yards of the Bombay, Baroda and Central [ndia and Great Indian
Peninsula Railways to the west and to the north-west of the Hospital ; in the
former, there were two large old quarries full of stagnant water and the surround-
ings were overgrown with rank vegetation ; in one of these, stable refuse was
being 'deposited : this particular area being highly insanitary and a source of
danger. In the latter yard two or three shallow pools of rain water were found to
contain larvae of Anopheles mosquitoes. These were immediately treated with
pesterine by the Health Department and the Railway Authorities were requested
to fill them up and remove the rank grass.

These places contributed largely to the plague of mosquitoes in A Ward ;
there were other large compounds in this and in every other ward, where old iron
empty tins and barrels, disused chatties, garden tubs and other receptacles were
allowed to accumulate rain water and thus afford a breeding place for mosquitoes
during the rainy season, more especially towards its close.

V. The extensive building operations in progress in difterent parts of the

" City; these involved soil disturbances and afforded ideal sites for water to collect.

Anopheles larva in large quantities existed in such poois and also in tubs used
for steeping brick.

VI. Innumerable private wells to be found inside the houses ; these con~
stitute a grave potential danger and much of the Malaria in Fort North was pro-
bably due to this.

The remedy lies in filling up or permanently covering the wells proved to
contain larve and the provision of a small hand-pump for raising water when
required : the cost would be negligible and the improvement in the health of the
residents of the neighbourhood considerable. :

VII. The large number of tanks and the public wells in the different parts of
the City (2,294 in all), many of which, on examination, were found to contain
mosquito larvae in Jarge numbers.

Vi1, Cisterns and storage tanks: these should be kept covered and where
this was not the case, the owners were written to and requested to remedy the
' defects and meanwhile any larvae found were destroyed.

IX. In various parts of the City, particularly in its outskirts, large areas of
low-lying ground exist which in the monsoon become flooded and overgrown with
rank vegetaticn, thus forming an ideal breeding ground. In process of time these
will be rendered more healthy by the extension of the City; meanwhile, these
should be drained ; failing drainage these areas should be filled, though the pro~
cess would be very expensive to a private owner.

X. Many of the unlicensed stables in the City constitute a source of danger,
as they are not paved and drained, and the surroundings become a swamp in the
monsoon and even in other seasons. The amendment of existing bye-laws apd
proposals for abolishing such places entirely are under consideration.

XI. The drains of the City. especially the storm-water drains, particularly
about the close of the monsoon when short breaks occur. During the dry season
also, house and stable sullage finding entry into them, breeds mosquitoes in
various parts; the only way to obviate this is to permanently close up, as far as
possible, all openings into the storm-water drains other than the regular catch-
pits and close these latter by a tightly fitting and well secured cover during the:
dry season, and to disconnect any premises discharging sullage water into the-
storm-water drains. "
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XII. The Septic Tank Installation at Malabar Hill: here conditions have
improved since the adoption of measures decided upon in consultation with the
Drainage Engineer, The risk of recurrence of the nuisance would be further
lesseried by the covering in of the storage beds so as to present an arched surface
upwards and provide for free removal of rain water.

XII1. The unpaved open spaces between rows of chawls: such areas are
not dependent entirely on rainfall for their moisture ; nahanis and wells allowed
to fall into disrepair furnish an ample supply. Until'these rain sodden patches
of ground covered with pools and an immediate proximity to overcrowded houses
are paved and drained under the authority of bye-laws, the filth and damp cannot
be eliminated from the surroundings of the poor.

XIV. Private lanes and streets in the City, many of which, during the mon-
soon, are” practically impassable and several in the heart of the City resemble
lakes.

XV. The Reservoirs on Malabar Hill and in Mazagaon : both of these satu-
rate the ground in the vicinity and afford countless breeding places. To use-
kerosine ol or pesterine for such is wasteful and also ineffective.

XVI, The open half channel rain water pipes under roofs, and junctions of
two sloping roofs allowing the water to collect.

XVII. Imperfectly cleaned open half channel storm-water drains: espe-
cially in private premises they become choked with weeds and silt ; the obvious
remedy is to remove obstructions and permit water to flow freely. '

The modern sanitarian is largely dependent on public support and interest in
all measures affecting public health : these measures must of necessity be divid-
ed into public and private,

Private Measures :——Private individuals can do much, by seeing that no
accumulation of water is allowed toremain in or near their houses by preventing
waste and overflow of water, by sceing that all cisterns and tanks on their pre-
mises are properly covered ; by cutting down rank vegetation where such exists,
‘and in the case of gardens by sceing that nolarvae exist in the water tubs. In
regard to wells a remedy has already been indicated. Many complaints regard-
ing mosquitoes from private individuals have been found to be due to collections
of water (containing larvae) in old tins and chatties : small details of this sort
are easily under the control of individuals.  For those in a suitable financial
position, the use of a small mesh mosquito curtain would result in a reduction of
the chances of infection. '

The.use of quinine cannot be too strongly urged. Government have placed
this remedy within the reach of all ; and large employers of labour should be
urged to press this measure.

The City is committed to large improvement schemes, which must take
many years to accomplish, and side by side must occur a corresponding improve-
ment in the habits of the poor. This can only happen as the result of popular
lectures and of the manifestation of personal interest in their welfare. The City
owes much to those who, under the auspices of the Sanitary Association, are
quietly yet surely disseminating elementary hygienic principles among the
poorer classes, and it is to such measures in the long run that we must look if an
improved standard of living is to be attained.

Public Measures :—The Deputy Health Officers and Sanitary Staff are well
acquainted with the various breeding places of mosquitoes, and diligent search is
made by them in-their respective Wards, But these places are so many and so
“universal that, considering the varied duties of the Sanitary Staff, only a portion
of their time can be devoted to anti-malarial work., If mosquitoes are seriously
to be combated, a determined and constant attack must be made on them and
this can be done only by whole-time men.

There are also certain difficulties under which the Health Department has to
work : first we have no power for ourselves to remove or remedy the hundred and
one breeding places that exist in many compounds, etc. What is doneis a
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letter is addressed to those responsible, requesting them to remove the source of
nuisance and meanwhile the larvae found by us are destroyed and a constant
watch is kept until the reforms demanded are complied with. Secondly, the wells
in private houses can only be dealt with, compulsorily, through the Standing
Committee. It is, however, a pleasure to record that many owners in the Fort
area have voluntarily given permission to our staff to treat their wells with pes-
terine. This can only be a temporary measure, and a more permanent and effect-
ive method has already been described. Thirdly, the systematic treating of
pools is a matter of considerable difficulty in the showery weather accompanying
the conclusion of the monsoon, as the work done is liable to be nullified bya
heavy fall of rain at a subsequent date. This cannot be obviated, however, as
it would be impolitic to leave untreated a pool in which larvee have been found.
Fourthly, the extensive building operations going on in the City add consider-
ably to the difficulties but, as far as possible, all such places are dealt with.
Fifthly, the unlicensed bullock stables already mentioned.

Pamphlets are distributed to house-holders describing the various precau-
tions that should be taken to prevent the breeding of mosquitoes, and in all
Municipal Dispensaries the use of quinine as a prophylactic is urged ; this is
also1 urged on all those who write to us complaining of the prevalence of
Malaria.

A continuous campaign on the lines indicated will not only lessen Malaria,
but will also remove other mosquito-borne diseases and contribute to the increased
comfort of residents,

Our information of the cause of Malaria compared with our knowledge of the
cause of other diseases is comparatiyely recent, and like many other discoveries
hardly complete and somewhat variable, but working on the knowledge we have, -
a very large amount of work has been done in Bombay during the past 10
years.

The Corporation went keenly into the question of obtaining expert advice,
and ultimately asked the Government to appoint a Committee and to depute an
expert to consider the measures that should be adopted.

In January 1909, a Committee comprised of representatives of the Port
Trust, Improvement Trust, Railways and the Chamber of Commerce and the
Municipality was appointed and Captain McKendrick, I.M.S., deputed as expert
Malariologist. -Captain McKendrick was re-called and later on Dr, Beniley was
appointed and in August Dr. Bentley submitted his report.

You all are now familiar with the able and exhaustive report on this subject
by Dr. Charles Bentley, from which [ give the followirg extract :——

“ The Investigation into the distribution of Malaria within the City of
Bombay has shown the disease to be prevalent over a ve.y large area.

¢ In particular, it appears to be present in a persistent form in—
Ward A,
Ward B,
Ward C,
Ward D,
Ward E.

“ Tt may be observed that it thus affects the most densely populated portion
of the City involving an area with a population of over 6,50,000 people.

“It is not suggested that other parts of the Island are Malaria free, for
this is very far from being the case, and there is evidence to show that cases
of Malaria occur in practically every part of Bombay during certain times of the
year, but it may be broadly stated that, in the above-mentioned areas Malaria
exists to such an extent as to give indications of its presence throughout the
year.

1385C
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“ The incidence of Malaria is especially marked along the whole of the east
coast of the Island between Kasara, Basin, Mazagaon and the Sassoon Dock,
Colaba, but it is also prevalent in the west coast, where a centre occurs in Wal«
keshwar in an area below the Malabar Hill reservoir,

. '"Broadly speaking, severe Malaria may be said to exist over an area
including 1w

Mazagaon=-South of Gunpowder Road.
Tarwadi-~South of Nesbit Road.
Dongri.

Umerkhadi.

Khara Talao,

Mandvi.

Chakla.

.Market,

Dhobi Talao.

Esplanade.

North Fort.

South Fort.

Lower Colaba.

Portions of Walkeshwar.

‘““ The population of this area numbers over 375,000 persons, or very nearly
two-fifths of that resident upon the whole Island of Bombay, and out of this popu-
lation the proportion actually suffering from Malaria must be very large.

““ A recent microscopical examination made by myself of specimens of
blood taken from nearly 700 residents in North Fort and Esplanade sections, a
portion of intensely malarious area has shown that 35 per cent to over 50 per
cent of the adults are infected with Malaria parasites, while among children the
rate’may be even higher.

““In one instance, in a mixed community of adults and children, the examin-
ation of 63 (46 adults and 1% children) showed that no less than 44 or nearly
70 per cent were harbouring the infection.

* * » o # * *

“ These observations serve to give some idea of the amount of sickness
produced by this disease within the City. As to the financial loss resulting
directly and indirectly from this cause, no estimate can be given, but there is
little question that it must amount to many lakhs of rupees annually, Such loss
is necessarily very greatly increased when Malaria becomes epidemic as it has
done in Bombay recently.

“ But it must not be supPoséd that the disease was not present in consider-
able amount within the City previously. Enquiry shows that it has existed in
certain parts of Bombay for many years and there is no likelihood of its dying out
spontaneously. On the other hand, there appear to be grave reasons for believ-
ing that in the absence of organized measures for its suppression, the disease will
persist, and may even extend and increase in intensity in certain localities from

_time to time ; while so long as it remains unchecked, the City will be exposed to
the danger of epidemics similar to the one which has been witnessed during

1907-1908.
¢ Malaria presents in Bombay certain peculiarities both as regards distri-

bution and propagation, which are in marked contrast to generally recorded
-observations in other parts of India.

“In this City, Malaria, which is generally considered to be a disease of
scattered rural districts and tracts of jungle and unopened country, may be found
widely distributed through densely populated areas, such as Chakla, Umerkhadi,
and Khara Talao with populations of from 500 to over 600 persons per acre.
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“* The explanation of this fact is given by the study of the habits of the
mosquito which serves as the common carrier of the infection in this City.

“ For the species of Anopheles—Nyssorhynchus Stephensi, which serves to
propagate Malaria within Bombay, is found to breed readily in wells, cisterns,
tanks, tubs, and in fact in almost any conceivable receptacle for water-~natural
or artificial-~whereas in many places, where other varieties of Anopheles are
concerned, only natural breeding places such as streams, ponds,: ditches and
puddles are dangerous.

“ These facts have a considerable bearing upon the problem of Malaria
prevention for Bombay, but it appears to me that organized and systematic
mosquito destruction will afford a means of controlling the disease within definite
limits and, provided it is carried out with due care, should reduce the liability
to epidemic manifestations, or even entirely prevent their occurrence.

It must not be supposed that the task of mosquito destruction to an ex-
tent sufficient to actually control Malaria will be an easy one. But given a
proper staff and organization, adequate powers, and sufficient expenditure, I
believe it will be quite possible to obtain the desired results,

“ I wish to make it clear from the outset that, in my opinion, in order to
deal with the matter effectively, it will be necessary to create a special depart-
ment engaged solely in mosquito destruction, and working under.the control of
the Executive Health Officer.

“Such a Department must be a permanent one and must possess a small
regular staff of skilled men, whose sole duty all the year round must be antie
mosquito work. In addition, arrangements must be made for increasing the staff
by the addition of unskilled men during the period between the outset of the
rains and the complete establishment of the dry season.

“In this short memorandum it is impossible to go into details which will
require careful discussion. But I would suggest, as a tentative measure, that
steps be taken to organize such a department for immediate work in Wards A
and B, and possibly Walkeshwar, with a view to subsequently extending operations
over the whole southern portion of the City, south of a line drawn between
Kasara Basin, Mazagaon and Mahaluxmi Battery, and possibly in other parts of
the Island,”

In another letter Dr. Bentley drew attention to the dangerous state of the
wells, private and public, within the area of the Fort North.

“ A careful examination” he wrote— has been made of 511 wells within
this section with the following results :— '

[

I. 240 have been found to contain very numeious larvae of Anopheles
mosquitoes.

“ 2. 32 of these contain larvae of Culex or Stegomyia in addition.

“ 3. A total of 83 wells have been found to contain larve of either Culex or
Stegomyia mosquitoes. '

“ It is stated by a large proportion of householders that many of these wells
are unused. In a few cases wells have been d.iscovered, whose existence was
unknown to the present occupiers of the houses in which they were situated.

“ Many occupants of houses, with mosquito infected wells, complained of
being troubled with mosquitoes, but few, if any, appeared to know that the
source of their trouble was the open or improperly guarded well in the house
itself. A certain proportion of wells are provided with wooden covers, but many
of such covers are useless and in other cases there is evidence that they are
frequently left open. A few wells have been found blocked up and in certain
cases, particularly in the neighbourhood of Frere Road, wells have been treated
recently with pesterine’and are free from mosquito larve.

. .  Among the 240 wells infested by the larvas of Anopheles, nearly every one
 is found to be the breeding place of Nyssorhynchus Stephensiy a most dangera
ous carrier of Malaria.
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4 The few exceptions show the presence of Mysomyia Rossi.

«“ It has been shown experimentally that this species of Anopheles can be
readily infected with Filaria, and in all probability it is one of the agents in the
propagation of Filarial disease.

«“In the course of the present investigation, adult mosquitoes of this species,
that have been caught and examined in order to test the possibility of their
serving as carriers of Malaria, have been found to be very heavily infected with-
Filarial embryos.

“In this connection it may be remarked that certain common species of
Culex mosquito are known to be also concerred in the transmission of Filarial
disease, and among the 83 wells, which contain other than Anopheles larve,
Culex mosquitoes of this kind are to be found breeding. A certain proportion
of the wells contain the larvae of Stegomyia Calopus (formerly known as Steg-
omyia Fasciata), the species of mosquitoes concerned in the propagation of
Yellow Fever in the Western Hemisphere.

“ Enquiry shows that Malaria has been present in the North Fort Section
for many years, while a reference to past history reveals the fact that for genera-
tions this portion of the City has saffered from the evil effects of ‘' dangerous
miasmata.” It is certain that Anopheles mosquitoes must have existed in this
part of Bombay for a very long time, and it is probable that their distribution has.
been extended from time to time.

* #* » * . #* *

¢ A recent examination of 2,782 children, resident in the Fort, revealed the
fact that 40'9 per cent were suffering from enlarged spleen. This compares
very unfavourably with the result of an examination of 2,761 children in Wards
F and G, among whom only 1°4 per cent showed splenic enlargement.

“A more recent microscopical examination of the blood of 190 persons
resident in Fort North showed no less than 78 to be infected with Malaria paras-
ites. The people examined included 57 adults and 113 children. Of the adults
28 were infected, and of the children 49. Among the children a considerable
* pumber had been undergoing quinine treatment, or, the proportion of infections
would undoubtedly have been much higher. "It may be mentioned that for the
purposes of this examination, no selection of cases was made, blood films being

taken from any persons who were willing,

« These observations show that the present sanitary condition of North
Fort, especially as regards the existence of such an extraordinary number of
unguarded wells, is a menace to the health of the whole City. For the danger
resulting from the continuous breeding of such large number of mosquitoes is.
not confined to residents in that locality only. There are many wells in other
parts of the City, at present free from mosquitoes, but sooner or later they will
become infected if dangerous centres such as those in the North Fort are per-
mitted to remain unchecked, and so long as this is the case the whole City
" must necessarily be exposed to the danger of recrudescences of epidemic

Malaria.

“ [n my opinion, there should be no delay in taking adequate steps to con-
trol this danger.

i A1l unused wells should be filled in as soon as possible. Those that are
required for use should be provided with permanent covers suitably designed,
and arrangements made for raising the water, by means of a hand-pump. The
‘depth of no well that I have seen would preclude the use of a simple suction
pump. :

“ It is probable that the most suitable form of covering would be a perma-
nent cover of re-inforced concrete.

« The cost of protecting these wells. efficiently need not be great, while the
benefit to the health of the residents in the locality will be enormous. More-
over, a constant source of .danger to the whole of the City will have been
remaved.
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‘“ It must be remarked that it will not be sufficient to protect the wellsin
which larvee are at present breeding. There are probably millions of adult
mosquitoes already existing in the Fort, and as soon as their favourite breeding
places are abolished, numbers of these will seek other suitable locations. This
beihg the case, it will certainly follow that any well in the neighbourhood to
which they can obtain access, if not already infected, will speedily become so.
In addition it is more than likely that a far larger proportion of wells actually
harbour mosquito larvae than has been shown in the course of the present

‘inquiry for unless they are present in very large numbers, it is exceedingly diffi-
cult to dip them out with either a bucket or a net, and in many cases the water
can be reached in no other way.

“ In my opinion, a well which serves as a. breeding place for mosquitoes
should be declared a dangerous nuisance and a house which contains a well, in
which Anopheles mosquitoes are allowed to breed, should be declared unfit for
habitation.

“ In conclusion, I beg to-point out that it is my belief that until steps have
been taken to remedy the conditiod of the wells in Fort North, all other forms
of anti-malarial sanitation within this area will be rendered futile, and moreover
the continued existence of numerous uncontrolled breeding places of Anopheles
in this locality will tend to annul efforts at mosquito ‘destruction in adjoining
areas.”

Conditions favourable to Malaria in Bombay :—The factors which conduce
to endemic Malaria are all present in Bombay :— S

1. The Mosquitoes :—At present asfar as our knowledge goes—there are 7
Anopheline mosquitoes to be foundin the Island of Bombay--6 of which are
Malaria bearing—the 7th a Rossi is said not to be.

2. Breeding places are limitless—open wells, tanks, cisterns, new works,
reclamation, open channels and low-lying lands.

3. The people :—75 per cent of the people are of the poor and illiterate class,
ignorant and-superstitious, living under indifferent sanitary conditions—passively
resistant and reluctant to take advantage of our sanitary measures : the majority
coming from malarious districts outside Bombay and returning to them yearly.

‘The population is augmented by large numbers of people coming for work
or food. Large works are constantly in progress and there is a great demand
for labour. '

The cry of religious susceptibilities is heard amongst the educated as well
as the uneducated, where sanitatioa interferes with their prejudice or purse

4. Climate :=The climatic conditions are every way favourable to the breed-
ing of mosquitoes.

5. Posit on:—Bombay is situated adjoining the main land and the larger
Island of Salsette which are ideal breeding places and where Malaria
prevails.

Thousands of persons enter the City daily and return in-the evening to the
suburbs, which are very malarial.

H

Major Liston in a paper read on *“ Malaria in Bombay " said 1

# There are four ways by which it is possible to ascertain to what extent
Malaria is present in a particular place. We may, firstly, scrutinise the Vital
Statistics, or secondly, we may examine the children of the place, observing to
what extent enlargement of the spleen is present among them. Thirdly, we can
examine microscopically the blood of the children living in the locality and note
the number which harbour Malaria parasites. Fourthly, we can seek for Anopheles
in the district noting the species, and especially the number which show Malaria
parasites in their bodies.

“ It was difficult to obtain reliable statistics of the extent to which Malaria
prevailed, for accurate records had not been kept in the past. Many cases of
the disease, however, came to our notice and I may mention particulatly three
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cases of that grave and fatal form of the malady known as Cerebral Malaria,
These cases all occurred withina period of three weeks. But | am jn a
position to give some figures which carry with them some force ; they
have been kindly supplied to me by the Supermtgnde.nt of the _P. ‘at}d 0.
" Company. He writes: “ Each steamer, after being in ghe chtone}"ot
Prince's Docks for a few days, returns its cases of Malaria with painful
regularity and not only does the sickness last the whole time the ships are in
port here, but the fever appears to be of such a malignant chargcter tl_uat it
continues throughout the whole voyage to London and consequently incapacitates
a large number of our crews from re-joining their vessels there. This state of
things has become so serious, that my General Managers have telegraphed to
me from London that cases of Malaria are increasing to an appalling extent
amongst the crews of the Bombay mail steamérs, the ‘ Arabia,’ which sailed
from Bombay on the 1st of August last, having had 8g cases on the homewar.d
voyage ; the ‘ Persia, which sailed on the 15th idem, landed 100 cases in
London, and a similar number occurred on the * Marmora,’ which left on the
2gth August, This will give you some idea of the seriousness of the epidemic.”

‘ Secondly, we have examined a considerable number of the children living
in Frere Road in order to ascertain to what extent enlargement of the spleen
prevailed among them. No less than 8o per cent. of the children suffered in
this way. Thirdly, a microscopical examination of the blood of a number of
children was made, which revealed the fact that as many as 50 per cent of them
were harbouring the Malaria parasite.

“* Fourthly, we collected a number of mosquitoes in the neighbourhood : we
observed that Anopheles were abundantly present. An examination of these
showed that two species were found, w/s., Anopheles Rossii and Anopheles
Stephensi. Now the former can be captured all over Bombay ; moreover, it has
been examined in large numbers on many occasions, but has never been
observed to be infected in nature, 5o that this mosquito did not seem to play
any part in spreading the disease. Anopheles Stephensi, on the other hand, has
never been found by me in Bombay before. [t has since been captured only
within the limits of the present epidemic area.

" We have dissected a large number of these mosquitoes, caught chiefly in
the Frere Road ; nearly 25 per cent of them harboured the Malaria parasite
in some state of development. This discovery is particularly interesting, not
only because it is the first time that this mosquito has been observed
to be infected in nature, but also because the other species which have
been found infected in India, v72., Anopheles Listonii and Anopheles Culicefacies
have been mosquitoes which breed in flowing water, in streamlets and - irrigation
canals, while this mosquito, Anopheles Stephensi, generally breeds in still water,
in wells, in cisterns, in chatties, and in tin pots. Moreover, it assumés an addi-
tional interest in view of the fact that the present epidemic seems to be associated
in some way with the construction of the new Docks. Earthworks of this nature
have very often been associated with severe Malaria, and, if for no other reason
than to guard against such eventualities in the future, the present epidemic
ought to be thoroughly investigated,

“ 1 have said that this epidemic of Malaria is associated with the presence
of two species of Anopheles, the one harmless, while the other is responsible for
spreading the disease. It is of importance therefore, to distinguish these mos-
quitoes from one another, They can be differentiated from one another in the
stages of imago, larva and egg. The fully developed mosquitoes, as you will
see, somewhat closely resemble one another, but a2 more careful inspection will
reveal the fact that Anopheles Stephensi is rather greyer than Anopheles Rossii
 which has a somewhat brownish hue, With the naked eye, or a hand lens, you

can readily observe that the marking on the palpi of the two mosquitoes differs.
Anopheles Stephensi has two broad white bands towards the tips of the palpi
separated by a narrow dark band ; while Rossii has a single broad white band
at the tips of the palpi followed by a dark band, which again is followed by a
narrow light band.  The legs of Anopheles Stephensi too are speckled, especial-
ly the tibia and femora, while this is not the case with Anooheles Rossiii The
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larvae can be distinguished by the shape of the leaflets of the palmaté hairs, the
‘terminal filament of each leaflet in Rossii is very long, The eggs of the two
species differ. In the case of Stephensi, the lateral floats encroach upon the.
deck surface of the egg, so that this surface has the shape of a figure of 8. The
floats in the egg of Rossii are placed well down upon the lateral surfaces.

“ Let us now see whether the favourable conditions necessary for the multi-
plication of the Malaria parasite are to be found in the infected area, First,
the conditions suitable for the transference of the parasite from man to mosquito
are fulfilled in the abundant presence of a suitable species of Anopheles, 2.,
Anopheles Stephensi and in the presence of a human population suitably infect-
ed.” ’ )

Measures now adopted in Bombay~—Since April last, a Special Malaria De-
partment has been started, under my supervision, under the control of a Special
Malaria Assistant, who is one of my Senior Deputy Health Officers, who has
long practical experience in the Health Department and who is a Diplomate of
the Liverpool School of Tropical Medicine. The staff provided under him
consists of four Inspectors on a salary of Rs. 125 to 150, who are fully qualified
medical men’; two of whom hold. the degree of ‘Bachelor of Hygiene and a third -
has studied in the London Tropical School ; 38 Sub-Inspectors 20 on Rs, 40
and 18 on Rs. 35 and 81 Begaries on Rs. 11. ‘

The Special Assistant has been provided with a separate office and five
clerks, one Laboratory Assistant and four peons.

A laboratory has also been provided, with two microscopes, two dissecting
microscopes and other necessary appliances. :

The four Inspectors and one Sanitary Inspector supervise the work of the
Sub-Inspectors, and their offices are in the Municipal Charitable Dispensary
Buildings. :

The two wards in the North of the Island have got one Sub-Inspector
each, and their work is supervised by their respective Deputy Health Officers.

The principal five wards of the City proper contain 27 Sections and each
Section is in charge of a Sub-Inspector, except the Sections of Fort North,
Market and Chukla, which are highly infected quarters and which contain many
wells.

There are in all 4,380 wells, 166 tanks and 4,887 cisterns, approximately,
in the City of Bombay, as shown below:=- ‘ =

A, B. C. D, E. F. G.
— ’ Total.
Ward. | Ward. | Ward, | Ward. } Ward. | Ward. | Ward.
Wells o 688 498 755 881 358 332 768 | 4.3%
Tanks T 58 3 4_ 10 57 37 27 166
Cisterns e ver | 2,409 460 106 872 948 29 63 | 4,887

The Sub-Inspectors have been distributed in such a way that each house
can be revisited every 7 to.15 days according to the importance of the locality.

For the first three weeks the Malaria Staff was coached up in the routine
work and in the method of inspecting larvee in wells, tanks, etc. By this time
these men, and majority of coolies, know the places where larvae can be detected
and the two main differentiations of Anopheles'and Culex.
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Each Sub-Inspector has been supplied with the following complete set of
implements for examination :—

1 Ring net with rope.
1 Zaree.

1 Hand net.

1 Tin hand-pump.

1 Enamel cup.
I, spoon.

S pan.

1 Bucket with rope.

1 Ladder. In addition to

Quinine bottles and Winchester quarts for sending samples of larve and
water,

Malarial cards of different colours for each ward, viz.,
A Ward., White,

B , Red,
c ., Pink,
D, Blue,
E Yellow,
F " Orange,
G , Green, and con-
taining the following particulars have been supplied to each ward :~-
Malaria. —  Ward.
Public Health Department, Bombay.
Ward. Section Street.
House No Name of Owner. '

Class of occupier.

Type of closet

Position of cisterns Larva present? .

Position of well Larvae present

Date of 1st inspection

Date of Notice.

Date of 2nd inspection,

Date of action.

‘Result of action taken :—
Subsequent inspection and remarks.

Name of Inspector




167

The procedure is for the Sub-Inspector to fill in a card for each and every
house in, his beat, entering therein whether any larve are found and of what
variety. This card is then'sent to the Head Office, where the Special Assistant
Health Officer writes a letter to the party to hermetically cover the well, or the
cistern as the case may be. If this is not complied with, a reminder is sent
after 15 days and if nothing further is done, the water in case of wells is sent
to the Municipal Analyst for Chemical examination and the well is then reported
to the Municipal Commissioner for the sanction of the Standing Committee
under Section 381 of the Bombay Municipal Act of 1888 as amended. Subse-
quent visits of the Sub-Inspectors are entered at the back, so that we can easily
ascertain after how many days a particular house was visited.

~in addition to the cards, we have also a Mosquito Record Book or a
Mosquito Street Register, which shows at a glance the Mosquito record for
each and every bouse in the City.

Spot Maps have been kept in each Ward, for each Section showing the
Position of the wells, and cisterns, etc., breeding larvae either of Culex or
Anopheles, in different colours.

1 may here state that we have decided to take action both for Anopheles
-6f ‘all'varieties and also for Culex.

Under the existing Section 381 of the Act, we have no power to take legal
action for hermetically closing cisterns. This section of the Act is being
revised and we hope to get final sanction of the Bombay Government in about
2 or 3 months time,

The Act as proposed to be amended will run as under :~—
“ Section 381.~(1)” If, in the opinion of the Commissicner—

(2) Any pool, ditch, tank, pond, well, quarry hole, drain or water course,
or

(6) Any cistern, water butt or other receptacle for water, whether
within or outside the bnilding, or

(¢) Any land on which water accumulates and which is situated within a
gxstance of 100 yards from any building used as a dwelling
ouse,

'is or is likely to become a breeding place of mosquitoes or in any other
respect a nuisance, the Commissioner may, by notice in writing, require the owner
thereof to fill up, cover over or drain off the same with such materials, and in
such manner in all respects, as the Commissioner shall require, or to take such
other action with the same for removing or abating the nuisance as the Commis~
sioner shall prescribe. .

(2) “If an owner, on whom a requisition has been made under sub-section
(1) to fill up, cover over or drain off a well, shall within the time prescribed for
compliance therewith, deiiver to the Commissioner written objections to such
requisition, the Commissioner shall report such objections to the Standing
Committee, and shall make further enquiry into the case and he shall not
institute any prosecution under Section 517 for non-compliance with such requi-
sition, except with the approval of the Standing Committee ; but, subject to
the proviso hereinafter contained, the Commissioner may, nevertheless, if he
deems the execution of the work called for by such requisition to be of urgent
importance, proceed under Section 489, and cause such well to be hermetically
covered over, pending the Standing Committee’s disposal of the question
whether the said well shall be permanently filled up, covered over or otherwise
dealt with, and the Commissioner shall in every such case determine, with the
‘approval of the Standing Committee, whether the expenses of any work already
done as aforesaid shall be paid by such owner, or by the Commissioner out of the
Municipal Fund, or shall be shared, and if so in what proportions.

o Provide&, however, that if the Commissioner shall be satisfied, as the
result of such further enquiry, that the water of such well is used for religious
purposes, he shall by license permit such owner to continue the use of such well
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for such purposes, but subject to such restrictions and conditions as may be
prescribed by such license, and. subject also to the power of the Commissioner
to suspend or revoke such license if any of its restrictions or conditions is
infringed or evaded.”

New Section 381-A. (1).—"" No new well, tank, pond, cistern or fountain
shall be dug or constructed without the previous permission in writing of the
Commissioner.

(2) The Commissioner may by written notice require the owner, or other
perscn, who has done such work to fill up or demolish the work
in such manner as the Commissioner shall prescribe, or

(6) Grant written permission to retain such work, but such permission
shall not exempt such owner, or person aforesaid, from proceedings
in respect of such contravention.”

This still gives the final control for legal steps into the hands of the
Standing Committee which must necessarily cause delay, as parties are in the
habit of making endless appeals to that body. .

Pending the amendment of the Act, we have been adopting persuasive
measures, by means of advertisements and distribution of leaflets, but I am-sorry
to say this has not much effect.

A list of places where mosquitoes are found is published weekly in the press
and post cards are sent to every house where larve are found with particular
instructions. We are also distributing leaflets on Malaria (copy attached here-
with), enlightening the public as to-how Malaria is spread and what precautions
ought to be taken. We also deliver public lectures in schools and other
places with the help of magic lantern slides specially prepared by the Health
Depariment.

As regards wells, we experience a great deal of difficulty, owing to religious
objections raised by the public. We allow wells to be hermetically covered with
or without trap doors. Wells which are close to privies and contain water polluted
with sewage are ordered to be filled in.

The trap doors are allowed only in cases where there are strong genuine
religious objections and then too after personal enquiries, either by the Municipal
Commissioner or myself or my Assistant.

The coveting approved by the Health Department is of two kinds~—

(1) One kind of cover is made of wire gauze of 20 meshes to a running
inch, and covered over on the top with expanded metal so that the
gauze underneath may be protected. With this sort of cover a
trap door under lock and key or a hand pump is allowed, if the
water is required for religious observances, washing and similar
purposes. ‘These covers cannot last long on wells in open com-
pound, as the gauze is likely to break in the monsoon with the
force of the rain and is likely to rust.

To obviate this difficulty we have another variety of cover in which the
whole surface of the well is covered over with brick, etc., and cement except a
small opening of 13 to 2 square feet which is covered over with trap door either
of wire gauze or wood, These trap doors are allowed under one condition, vrs,,
that they should be kept underlock and key and opened only when water is
actual!y being drawn out.

Persons who hold very strong religious objections prefer wire gauze covers
as they say that sun light must play on the well water.

Before enforcing hermetical covering over wells, a trial is given to Khajura
fish. In many cases this fails, as the waters are not kept free from leaves and
other shrubs.
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Apart from religious objections, sentimental objections are raised to
covering the wells. 1 give herein extracts from 2 letters, which show the diffi-
culties we have to contend with, in our City :~—

1. One owner writes as follows :—

o There is a superstition connected with the well. It 1s well-known all over
this part of the Town that the well is said to be a sacred well and much sanctity
18 attached to it. :

“Out of deference to the superstition, I had in designing Alice Buildings to
so design it as to leave the well alone. .

“ To me personally the well is of no use, but those who believe in the
superstition come and pray near the well and present offerings of Aowers and
cocoanuts to it.

“Under these circumstances, I cannot fill up the well nor can I have it
covered over by wire hermetically.” .

2. Another writes re a well at Khetwadi Main Road as follows :—

My client has also a religious objection to the filling up of the said well or
to its being hermetically closed, namely, that my client and his family believe
that there is a saintly being in the said well, and they always personally “see the
Angelic form of the said being moving in the compound at night ard they

- always worship the said being in the well and they have a bitter experience of
filling the said well or closing it up hermetically ; because in or about the year
1902 my client did actually fill up the said well to its top, but on the very night
on which it was so filled up all the members of my client’s family fell dangerously
ill and got a dream that unless the said well was again reopened and kept open
to the sky they would never recover. The very next day thereafter, they had
again to dig out the earth filling the said well and they recovered only when the
said well was completely opened up to the sky.”

The Parsee community questioned the figures of spleen-rate among the
Parsees as given in Dr. Bentley’'s report. They therefore appointed a Committee
of their own medical men, who after subsequent examination of medical men of
their own choice, confirmed Dr. Bentley’s conclusions, _

Steps are being taken by our Municipality for hermetically covering all
cisterns in Municipal Buildings and also cisterns over public latrines and urinals
and the Government Executive Engineer is also taking measures for cisterns over
Government Buildings.

The Port Trust areas including the Docks, the two Railway premises, the
military quarters in Colaba, Marine Lines and Carnac Road, and City Improve-
ment Trust grounds are looked after by a special staff kept by these bodies and
we exercise no supervision over them.
| As regards the two reservoirs, we are arranging to hermetically cover the
filter beds and reservoirs at Malabar Hill, and the question of hermetically cover-
ing the filter beds at Bbandarwada is still under consideration.

Places where there are temporary pools or puddles during the monsoon are
freely treated with pesterine by a Success Sprayer costing about Rs. 60,

There are, however, a large number of such places where water collects and
breeds mosquitoes, v7z., hollows in machinery, water in boats, etc.

In order to ascertain the prevalence of Malaria and the effect of the measures
adopted, we have adopted the following three methods :—

(1) Blood slides of patients suffering from Malaria or any fever and
attending the 12 Charitable Municipal Dispensaries, are examined
in the Malaria Laboratory.

(2) Spleen census of children between 1 and 16 years is taken in Munici-
pal Health Department chawls and in other big chawls occupied
by the labouring class, of people.

(3) A census of Anopheles distribution is taken and all specimens of

Anopheles sent by the Sub-Inspectors are examined and classified under diffe-
rent varieties and sent to the Parel Laboratory. ' '
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As regards the dissection of mosquitoes and identifying the particular
varieties that convey Malaria, Liston and Bentley have made considerable
researches, but there is much still to be done is this “direction—especially deter-
mining how far the present information is correct; as, with all due deference to
the enthusiasts working on mosquitoes, the varying information. supplied to the
sanitarian is conflicting, :

In 1go1 the Stephensi was said not to be mosquito bearing, and although
- present in Bombay, was not counted as a dangerous factor.

In 1908 Liston and Bentley said that they found Stephensi breeding in
pools and collections of water in the Docks in certain varieties and that it was
the only mosquito to be reckoned with ; and that all Malaria preventive measures
should be directed to places where Stephensi breed and all other efforts were
waste of time and money.

The mosquitoes chiefly prevalent in Bombay are the following :—
(1) Nysso-myzomyia rossi.
(2) Neocellia Stephensi.
(3) Myzorhynchus barbirostris.
(4) Myzomyia listonii,
(5) Myzomyia culcifacies.
(6) Nyssorhynchus Jamesii.
(7) Nyssorhynchus fuliginosus.
Exeept Rossi all convey Malaria;

Government having started a Stggomyia Survey in Bombay, my Malaria
Department send to the Parel Laboratory samples of all larva found daily in the
City. In all 1,050 samples were sent.

- As regards fish, we have invited tenders so that people who wish to give a
trial to Khajura fish may get the right kind and at a moderately cheap rate. =

. As regards quinine, it is freely given in all fever cases in our Municipal
Charitable Dispensaries and we have got a scheme in hand to distribute freely
tabloids of ‘Burroughs ‘Welcome & Co., in selected chawls and institutions,
where the drug can be given under the supervision of a responsible person.

' [ append herewith a statement showing the work done by the Special
‘Malarial Branch from its start up to the end of September last.

Statement showing the work done by the Malaria Branck from the rsth April
: 1912 to g0th September 1912

No. of houses inspected by the Inspectors 8,345
" ’ " . Sub-Inspectors .., we 77,180
No. of wells hermetically covered ... con 280
” filled in 32
No. of new requisitions addressed to parties 1,17

No. of cases in which the sanction of the Standing Committee
for further action was applied for ™ 12

No. of cases in which sanction of the Standing Committee was
obtained for further action 165

No. of lectures delivered to the public 9



The following table shows the number of
table Dispensaries for Malaria fevers:—

N2

308 requisitions have been carried out without resort to legai measures.

patients attending our Municipal Chari-

Statement of Malaria cases treated in the Municipal Charitable Dispensaries
during 1912—~from Fanuary to September.

CASBS TREATED IN

District : [ s Total.
January. rﬁi‘:’;. March, | April. | May, | June. July. | August. Seg:lm-

X 305 274 276 278 353 3or 319

2 3|. 15_3 8 8 10 8 19

3 40 48 40 27 55 38 50

4 36 19 3 0o | 2 8 T8 |

5 52 43 38 32 40 47 62

6‘ 58 13 9 10 20 14 26

7 12 20 4 2 6

8 52 47 6g |' 56 68 86 97

) §2 - 63 41 35 27 69 6o

to 55 53 38 29 19 27 32

I give herein by Wards and Sections the result of the spleen census and
the blood slides examined by the staff up to September last ;=

Percentage(
of
children
. No. of | No. with with
Sections. Date when taken. | children | enlarged | enlarged REMARKS.
examined.| spleen. s}i)qleen to
o of
children
examined.
A | Lower Colaba s | September 6 A4 3 681
e DO, 2 6 27 1 3'70
Do. » 6 17 0'co
. | Fort North » 5 64 25 3962 | Municipal Halal.
- khou’s chawl.
o Do. . » .5 55 9 16'36 | Municipal Bigari's
chawl.
e Do. e » s 45 1y 2444 Ditto.
Esplanade v 2 110 23 - 29'90 Ditto.
! h A
, B | Umerkhadi " 9 5 1 6'66
. Do. N 0 25 3 12°00
.o Do, res s 10 146 15 1027
E | Tarwadi o » 2 104 40 3846 | Hindu Orphanage,
«. | Kamathipura - - 28 69 5 724
Tardeo . 2 25 26 2 7'69
o Do. ' 25 - 58 5 862
Do. " 30 170 24 1411
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The total amount of anti-malarial work done in the different Wards of the
City during the year 1911 is summarised in the table below :~

Number,

i. Wells examined for mosquito larvae . e 2,411
ii. Cisterns ditto e e 4,032
iii. Tanks ditto “e w170
iv. Wells in which larvae were found ves 1,440
v. Cisterns ditto : v 308

- vi. Tanks ditto 49
vii. Cases in which requisitions were addressed to parties 482
viii. Ditto were complied with  ,,. 222
ix. Cases reported as “ most objectionable v 117
%, Notices issued against parties 154
xi. Notices complied with . 66
xii. Prosecutions undertaken . 70
xiii., Wells hermetically covered ... we 183
xiv, Wells filled in . os . 70

xv. Tanks filled in

To recapitulate, the measures adopted are :—

(1) Closing of wells and cisterns breeding larvz.

(2) Treatment of all temporary pools and puddies with pesterine.
(3) Giving a trial to fish before taking legal steps,
(4) Distribution of quinine,

(5) Filling in all hollows and Tow grounds with a view to remove poten-

tial sources of mosquito-breeding and to improve sanitation
generally.

(6) Improving of drains and gullies and exten

sion of drainage schemes
to the north of the Island.

(7) Improving of the gencral conservancy of the City.

(8) Téacléing the public by handbills, and lectures with Magic Lantern
slides, a

(9) Taking action in Court in cases where parties defy the Municipality,

(10) The spleen census of children and the examination of blood of
patients attending dispensaries. ‘

(11) A weekly return of cases of Fever from all private and public dis-
pensaries. ’

(12) The examination of all species of mosquitoes -found at different
times of the year, h -

the Nepean Sea Road, and Government contemplate reclaiming

a large part of the foreshore in the south of the Island. This
will remove the existing nuisance.

{13) We have a scheme in hand to fill in a portion of the foreshore .on
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The larger scherme for reclaiming and filling in and draining all low-lying
areas in this Island will take time before being dealt with and this is being strong-
ly urged, The system of open drains and channels which have been constructed
for draining thesé areas is of itself a danger and, although both Bentley and
Liston say these channels and any large tanks do not breed Anopheles Stephensi—
a Malaria bearing mosquito, I fear that this opinion will have to be seriously
‘modified before long.

The task before us is, as can be seen, no light one. Apart from the passive
resistance of the people, educated and uneducated, we have to face an enormous
expense and many difficulties before we can say Bombay is Malaria-Free.
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LEAFLET.
Hints for tha Pravantian of Malarial Fevers,

Itlig the duty. of every one employing labour s

1. To improve the condition of their servants’ houses and to see that they
are not unduly crowded.

. 2. To see that their compounds and the surroundings of their houses .
~ kept as clean as possible, special attention baing paid to the clearing away of old
tin pots and pans, rank vegetation, manure and refuse.

_ 3. To fill up or drain all small pools, ponds and collections of stagnant
water near their houses,

4. ™o see that all cisterns and tanks and wells are properly covered.

They should also be requested to use their influence among their friends,
neighbours and acquaintances to the end that these may follow their example.

The Malaria parasite is conveyed by a species of mosquito.

Precautions to be taken inside the house.

1. The proper use of the mosquito net is the best and surest prophylactic
measure that we have. The net should be of a small mesh and should be tucked
in carefully all round the bed. If rods are used it should be hung inside them.
But mosquito nets are not available for the poorer classes who suffer most.

2. During the rains and whenever fever is prevalent, each member of your
household, including your servants, should get 135 %rains of quinine a week.
The money will be well spent, in that it prevents fever occurring among the -
members of your household and being conveyed to others by the mosquitoes,

3. The general cleanliness of your house should receive much attention. It
is found that mosquitoes rest in dark and dusty corners.” The cleaner the house
the fewer the mosquitoes. Bins or boxes should be provided for household

-refuse which will be supplied by the Health Department. :

. 4. It is advisable to have as few curtains and as little drapery in a house as
possible, as they harbour mosquitoes. - Curtains should be light in colour and of
a washable material,

5. With regard to children on their going to bed, it is advisable to anoint
‘their legs, arms, foreheads and necks with oil of eucalpytus, or menthol and
vaseline or carbolic oil, and also when washing them, to use turpentine soap; as -
such measures tend to keep off mosquitoes.

6. Careful attention should be paid to water receptacles in bath-rooms, and
~around the house. It is not advisable to keep “ gurrahs,” or * chatties ” full of
~-water in a bath-room. Those in use should be emptied daily. Special attention
should be paid to the “ gurrahs,” kept for cooling soda water.

Precautions to e taken outside the house.

t. Small *“ kutcha ” ponds and ditches exist in many gardens and ‘come
pounds in India, and are generally the breeding- places of mosquitoes, which
when mature readily fly into the house. These ponds are often made by the
landlord when he repairs the stables or servants’ houses. Therefore, one of ‘your
first measures should be to have all ponds and ditches near your house filled up.

2. . Frequently, there lie near the kitchen and outhouse old pots, kerosine
tins, and other receptacles for water ; a careful search for these should be made
and, if found, they should be removed or destroyed. -

é;. The next point which should receive your attention is the surface drainage
round the house. Frequently, only * kutcha ” suMace drains are found. When
these are out of repair, staﬁnant water will accumulate during the rains, To
obviate this, good small ““ pukka” surface drains should carry the water well
away on every side. ( , ,

4. A systematic weekly inspection of the vicinity of the kitchen, servants’
. houses and compound generally should be made,

185G
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5. The surface drainage round the mouth of the compound well is often very
bad. Waste water accumulates there and anopheles pools .are thus formed.
You should ‘theréfore get a good ““ pukka” surface drain to carry off all waste

water from the well and distribute it to the garden. The well should be pro-
tected by a close fitting cover.

6. The system of flower garden irrigation tends to form pools where mose
quitoes can breed. It should not therefore be carried out close to.the house,
and any small tanks or reservoirs in the garden when not in use should be

treated with .half a tumblerful of qrude Petroleum Posterine once a week, as this
procedure stops the development of mosquitoes in them, These tanks should be.
covered with close fitting covers. All garden irrigation should be carried: out
"by means of ** pukka” masonry channels. All fountains should be supplied with

fish.

7. Excessive vegetation and undergrowth should not be allowed to exist
‘near the house. Anopheles mosquitoes prefer cool, dark places for resting in
during the day, so that excessive vegetation should be cleared away from near
the doors and windows of sleeping rooms.

8. It is Mmportant to pay attention to the cleanliness of your servants’ houses
and their vicinity. Native servants frequently suffer from fever, and mosquitoes
- haunt their dark ill-ventilated houses. The following points need attention :—

1. There is frequently a ditch or pond near the servants’ house, whére the
mosquitoes breed. This should be searched for and filled up.. =

2. The houses of servants, especially menial servants, syces and .grass-
cutters, are frequently overcrowded. As few servants as. possible
should be allowed to live in the compound.

3. Servants' houses should be thoroughly cleaned out and fumigated with
' sulphur once a month and whitewashed twice a year, Personal
attention to the surroundings of your servants will well rapay.-the
trouble, as you will not only have healthier and happier servants,

but the members of your family will run le§s risk of catching. faver.

~ Malarsal Feuer is conveyed by Anopheles Mosquitoes after biting a person
suffering from Malarial Fever.

THE MOsQuITO lays eggs on any accumulation of water, however small,

inside or outside the house, water in wells, empty flower pots, roadside paols,
. catch pits, choked gutters, ete,

THE EGGS look like pieces of soot on the water.
THE EGGSs hatch out into Larve in 48 hours (Fig. 1).
“THE LARVZE look like small pieces of stick lying on the water until disturbed
when they swim away backwards and sink to the bottom.
THE LARVZE become Pupa about a week,
Tue Pupa become Mosquitoes about 48 hours afterwards.
- Tug MosQuito flies away to suck the blood of man or animal and
relurns to some water to Jay eggs every few days, depositing several hundrads.

- 1f the Mosquito sucks the blood of a person suffering from Malaria and bites
a hoalthy. person, the disease is conveyed, and 12 days after the healthy person

“mvary take an attack of fever,

PRECAUTIONS :—Prevent the Mosquito breeding by getting rid of accumu-
lations- of water. Prevent the access of Mosquitoes to the water, or use
Pasterine.or Crude Petroleum to sprinkle over the water every 7 days, Take 15
grains of Quinine weekly and give 15 grains of Quinine weekly to your servants
and children, during-the Malaria season.

_Busic HeaLrH DEPARTME;NT,} j. Ac TURNER, M.D., D.P.H.,

BOMBAY MUNICIPALITY, .
Bombay, 18th Fune 1912, Exgcutive Health Officer,
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PROGRESS OF PRESENT ANTI-MALARIAL SCHEMES IN THE
UNITED PROVINCES

Major J. D. Graham, I.M.S., Special Malaria Officer, United Provinces.

As a result of the pecuniary grant by the Government of India towards matured
gschemes in the United Provinces after the Imperial Malarial Conference at Bombay
in November 1911, the three projects of Nagina, S8aharanpur and Kosi were taken up.

Surveys of Nagina and Saharanpur had been completed in 1909-10 by Major
J. C. Robertson, and of Kairana and Kosi by Major Graham in 1910-11 and all
have been reported on to Government.

For various reasons, chief amongst which were its situation on the Khadir and
its relative unimportance, Kairana was ruled out. Local committees, presided over
by the respective Collectors, and having the Sanitary Engineer to Government, the
Sanitary Commissioner, and the Special Malaria officer as members in addition to the
local Executive Engineers (Irrigation Department) were constituted for the three
places, Saharanpur, Nagina and Kosi and these having met early in May 1912,
considered the reports of the Special Malaria officer and prepared schemes with esti-
mates for the carrying out of the projects as outlined in the Special Malaria officer’s
recommendations. These schemes have since been elaborated into definite engineering
projects by the irrigation department and other departments concerned and I propose
now briefly to consider each, and to show to the meeting the actual details of each as
it at present stands, with a view to enabling the members to form some idea of the
value of such completed projects, when subsequently investigated, in determining if
the actual benefits are commensurate with the expense of the adoption of the various
anti-malarial measures recommended in the original reports of the Special Malaria.

officer.
The problems involved in the three places may briefly be stated as—

(1) In Nagina, tanks, waterlogging and wet cultivation.
(2) In Saharanpur, over irrigation by canals, water logging, and wet cultiva~

tion.
(3) In Kosi irrigation, canal proximity, deficient drainage and waterlogging.

NagiNA.—An old town of 21,400 inhabitants, with a juvenile spleen rate of
79'1 per cent. in 1,957 children examined,W was found by Major J. C. Robertson,
I.M.8., in 1909-1910 to be bounded on the east and north-east by a water-logged
area, over practically all of which rice and sugarcane were cultivated, while these
erops also flourished, though to a less extent, to the south-west and north. These
rice and cane fields, together with two rivers, a canal and numerous tanks, which
are in immediate proximity, and some, storm water overflows, all constituted a
congeries of breeding grounds for the three proved carriers culicifacies, fuliginosus
and maculipalpis, the areas under rice and cane being considered the most dangerous,
Briefly Major Robertson’s recommendations were—

(1) To abolish rice cultivation within half a mile of the site and substitute
other crops.

(2) To attack the tanks by filling up some with town rubbish, and by fouling
others.

(8) To stop irrigation within half a mile of the town and watch for inereased
damage from this source which is at present trivial

(4) To close the canal gul to the railway station.

(5) To improve syphonage arrangements at the storm water overflows.

(The rivers were considered harmless owing to their distance.)

Map. —To make the project more easily intelligible I bhave had this map
prepared on which all the salient poinis 1n the scheme are represented. In the centre,
coloured in red, is the city site, while all the blue. areas are tanks, the eastern
boundary being the Pandhoi nadi, while the western is formed by the Karula
padi, the railway and the canal. -
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The works provided for in the estimate are in accordance with the recommenda-
tions of the committee, and the following resum@ of these also shows how far they
have been or are about to be carried out :—

Committee's resumsa.

(1) Rice.~—Rice cultivation' should be abso-
Jutely prohibited within half a mile of the
inhabited area. A summary enquiry as to
the question of compensation should be made
at once. Boundaries are laid down on the
Asgistant Engineer’s map.

 (2) Canals.~—-No re-alignment of thelcanal is
necessary, but the canal should be flushed
weekly.

The gul No. 12 from the brick-fields to the
railway should be closed at once.

(8) Tanks.~-Five methods of dealing, with
‘these are advocated —

(@) If small and esrth is available, fill
them up completely.

(2) If above not possible fill to such a
level as to enable them to be drained into the
existing nadis, Pandhoi or Karula on west and
-east.

(c) Where it is not feasible to fill the
tank to a level at whioh it can be drained, it is
to be drained as low as possible and the ares
remaining is to be deepened in the centre and
the material so obtained placed at the sides, so
that the area of the tank will be reduced and it
will have no shallow sloping banks.

. (4) Where it is not possible to drain at
all, the tank should be deepened in the centrc
and the material placed at the sides.

(¢) Where none of these are suitable if
the tank lies to the south or south-east, it
should be fouled with town rabbish.

(4) Ewcavations,—Al fresh excavations in the
town and within one mile to be prohibited.
If nocessary, under the law, the Municipal
limits should be extended accordingly, and the
prohibition should extend to the existing brick-
fields which are extensive near the railway line
and Bijnor road.

The Railway should fill up the tanks in the
station yard. -

The Municipality should consider the advis-
ability of aoquiring the tanks to be filled in
with a view to reselling them later on as culti-
vable land.

. (b) Storm water overflow repairs.

Action.

This is being done by the Collector.

This will be carried out.

Orders have been issued.

Tanks 2, 13, 21, 23 are being trested thus
at a cost of Rs. 2,416.

Tt is proposed to cat two drains—one to the
north of the town (the north cut) and the
other to the south of the town (the south out)—
and to drain from these either completely or
partly a number of the largest tanks as well
as some of the outlying tanks by mesns of
small connecting drains,

Tanks 4, 5,7, 8, 9, 10, 11, go into the Pan-
dhoi nadi by the north cut.

Tanks, 14, 15, 16,17, 18, 19, 20, go into the
Pandhoi by the south cut.

Patari B/1 and B/2 specially mentioned in
the report as highly dangerous will be drained
directly into the Pandhoi nadi by sepsarate
ohannels.

No tanks are being so treated,

Tank 3 is being so treated at a cost of
Rs. 500.

No tank is being 80 treated.

Tank 12 has been omitted, because of its
distance and expense of filling it up being so
great.

Tanks 6, 22, 24, 25, 26 are not mentioned
in the original report.

(Engineer’s remarks).

The Collector and Sanitary Commissioner
have been asked to see to this.

The cost of purchase of this reclaimed tank
land has not been included in the estimate.

Part of this cost (Rs, 1,360) has been
inoluded in the cost of the mnorth cut the
remainder will be done by the Municipality.



79

The north cut, owing to its proximity to the town, will be provided with a pucka
séction up to one furlong from its eonnéction with the Pandhoi nadi so as to prevent
irregularities forming in the bed and affording breeding places for mosquitoes and fo
enable the cut to be made on one continuvus gradient of &8 per mile and do away with
the necessity for falls. The south cut will only have a pucka lining from tank No. 17
to its crossing with the Dhampur road as this is the reach nearest to the town
boundary. ’

The estimate.—The total estimated cost of the project as outlined above, so far-
as the irrigation part is concerned, is, inclusive of establishment, tools and plant,
about Rs. 79,679, und it will, I think, be admitted that this project when completed
bids fair to give every chance to the recommendations made by the Special Malaria
Officer. i

SaHARANPUR.—This town of 66,254 inhabitants, showing a juvenile spleen.
rate of 788 per cent. in 2,665 children examined, and a malarial parasite infeetion
rate of 538 per cent. was in 1909-10 reported by Major Robertson to be surronnded
by a waterlogged area due to excessive canal irrigation. The Pandhoi and Dbhamola
nadis which join near it are continued in a channel formerly aligned and excavat--
ed, and into these the four main drains escape. Four canals, many large groves,
and areas of tall grass, are in close proximity while rice and sugar cultivation
abounds. Tanks are absent though four considerable pools are noted. The heaviest
malarial intensity is on the south-west corner and the least is om the south-east.
culicifacies, fuliginosus, listoni and maculipalpis mosquitoes were found to be-
currying malaria, and were found in quantity. The rivers breed eulicifacies and
listoni, the storm drains and a waterlogged area in the south-west corner gave all the
four, though the brick lined sewage-fed Underoni nala gave none, the tanks gave:
Culicifacies and fuliginosus, the rice and sugar fields gave culicifacies, fuliginosus.
and maculipalpis and the roadside drains eulicifacies.

The Special Malaria Officer says ¢* All the breeding grounds owe their origin to
“ the very extensive irrigation close to and to the west and north of the town-irriga-
¢ tion which is beyond the natural drainage of the place ”’,

v Major Robertson’s recommendations were b‘ﬁeﬂy to—

(L) Substitute well for canal irrigation within one mile of the site and abolish
rice and sugar cultivation within half a mile. ‘

{2) Make the stream drains Karegi and Underoni pucka throughout if eanal -
irrigation is not stopped- but if it is, then fill in the side branches of deeper central
channels of the Karegi nala and alter the escape into it of the Shahpur minor by
diversion into the Adampur drain if it is not required as a flush. 1f a flush were-
required the channel should be pucka for quarter mile from the edge of the town.

(3) Leave rivers alone as being too costly.

., (4) Fill up tanks, except two in the Government gardens in which the fish
¢ Millions ”’ should be piaced. ' -

(8) Clean up grass and weeds on roadside drains, and level sides and bottoms :-
cut down, clear, and crop the grass and trees in groves and orchards.

(6) Treat specially five different drains as indicated in report.

The Committee met on the spot in May 1912, and & resums of their recommenda-
tions and action proposed or taken is given herewith. A special map has been
prepared—

Resuma. Aotion proposed or taken.
(1) That canal irrigation be stopped within.  This is for the Collector.

a three-fourth mile limit of the city edge, the ‘ ‘
defined area being bounded on the south by.

the railway up to Dhamola Bridge, on east by

the Dhamola river, on west by a line from

the Bhahpur minor to mile 2 furlong % on the

Megh Chappar distributary and cn the north.

from a point miles 2 furlong 1} from head of

Shabpur minor to Dhamela river three-fourths

mile north of Northern Dehra road.

Sugar and high crops should be prohibit:
by Municipal bye-law and provision for su
prohibition made at next settlement.
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Regums.

(2) Reduction of breeding grounds—(a) Tank
&, K. J—Fill in F (Major Robertson’s map E)
.and its extension K (all in railway limits) so
a8 to drain through existing syphon into
Dhamola, reconstruct training embankment
-where it is cut near railway bridge; straighten
drain J and provide with falls to prevent
“focding by cutting back.

(6) Marsh M and tank B.—Municipal
-ward to acquire area to be dealt with and adjoin-
ing brick kilns, fill in {)ifs and shallows first,
raise whole area to level of Karegi Nala hank.
"The area B should eventually provide building
.sites if levelled with the Chakrata Road.

' Stop all excavations now proceeding in
-4hese vieinities. .

(¢) Legislation by municipality is impera-
-4ive, and mo brick burning should be done
within 14 miles of the city.

(d) Adopt lift irrigation irom wells for
the Botanical gardens aud stop canal water

(¢) Karegi Nala.—The wmost urgent of
all the projects is the exteneion of the brick
Jining of this drain from the pointD (Robert-
eon’s map) upwards for 6,000 feet to old
aqueduot and 1f possible further east, and il
“in the side breaches of the deeper ohannels.

- (f) Chilkhana road drain-~Line with
‘masonry and cunette the last 800 feet of this
Nala from Raji Shah Kamal bridge to Pandhei
Nala and cunette the existing masonry por-
“4ion above this for 2,500 feet while still further
‘up it should be lined with masonry and cunetved
as far as the Shabpur distributary. ~

¢g) River.—It is highly desirable to com-
plete and extend the masonry bed of the
Pandhoi both downwards to the junction with

Aption proposed or taken.

Railway being addressed by the Sanitary
Department.

Munioipal.

Municipal.

Municipal.

This is.estimated for at a cost of Rs. 34,737,
of which Rs. 4,507 goes in a concrete bed.

This is estimated for ata vost of Ra. 9,539,
of which Rs. 1,069 goes in a concrete bed.

This is estimated for at a cost of
Ra. 109,499, of which Rs. 11,504 goes in a
concrete bed.

‘the Dhamola and upwards to the north for at

least 2,000 feet.
(b) Further make 8 masonry bed for
“Dhamola at its janetion with the Pandhoi duwn
to the railway bridge and extend this from the
‘junction upwards to the Jail bridge (near
Botanical garden).
‘I'hese are both costly but necessary if other
sotion is not tu be stultified.
(3) Undergrowth orchards, ete.~—The Bodrd
.should apply section 108 of the Municipal Act
which requires the clearance of noxious vegeta~
tion and see that drainage channels are kept
free of weeds, grass, ete. ‘
(8) Generul.~—1If the above recommendations
,do not succeed in reducing the spring water
“level, then underdrain the whole area by a
deep intercepting drain enclosing it in the
west-north and north-east. o
The committee calls special "attention to the
deplorable conditions prevailing in the Railway
Yines, the northerr limit of which is within half
-a mile of the city.
This though outside the scope of MaYor
Robertson’s enquiry provides condition most
-favourable to the spread of malaria and should
:also be attended to.

Total estimate~—The total estimate of the

irrigation department is Rs. 1,68,017 includ. -

“ing establishment, but excluding the filling in
-of tanks either Railway or Municipal.

"The Dhamola portion will prove exceedingly
costly and’ the canal Engineers doubt if the
gection from the junction to the railway isa
serious breeding ground owing o the amount
of sullage it contains from the town drains.

The diversion of the Pandhoi into the
Dhamola above the town is impracticable,

Municipal.
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Kosr.—With a decadent population of 7,003 whose juvenile members showed a
leen index of 81-3 per cent. in 964 children examined and 26 per cent. of the bloods
with roalarial parasites, Kosi was found by me in 1910, 1911 and 1912 to be suffering
from a condition of water logging due to defective drainage and to proximity to the
main Delhi Agra canal. Though the place was surrounded by tanks many of which
were perennial the only species of mosquito found * carrying " was Culicifacies the
chief and only important source of which was the main Agra Delhi Canal 300 yards
-away. Stephensi was found in a large number of partially used wells, but was never
ineriminated. That the canal was the * fons et origo ” was further borne out by the
fact that the town area immediately abutting on the canal, i.e., to the west, showed
_evidences of more intense malaria than any other area did. Residual irrigation was
not a factor in breeding ground causation; but this was closely bound up with the
rainfall which, with the practieally empty canal bed, inability of the Kosi branch drain
‘to carry off the drainage of the town with sufficient rapidity through the syphon
under the railway and main canal, and consequent stagnation, produced severe flooding
and temporary breeding grounds with highly dangerous potentialities owing to the
close proximity of the main canal,from which millions of carriers swarmed. The
Kunds and large perennial accumulations showed a marked absence of larval life and
the fouler they were the more noticeable was this.

The recommendations made by me in 191011 were briefly .—

(1) A further series of observations in 1911-12 into the mosquitoes, bloods,
spleens and the role of stephensi, as the year of investigation had been unusually mild
malarially. i

(2) Anti-larval operations affecting the main canal, the wells, and other known
- breeding grounds. :

(a) Main Canal.--Levelling, grading and cunetting the bottom opposite the
town (mile 541 to 56) so as to ensurea 2 feet per sec. flow when the main canal was
shut off ; cleaning the grass edges; providing if possible a weekly flush during the
rains when the canal is closed. If these are not entertained, then petrolage, cleaning

. and scooping of pools in canal bed, by a gang. (¥ide map 3.)

(6) Wells.—TFill up disused wells, and screen 26 partially used wells, stock-
ing with the local fish gerai (Ophioeephelus gaghua) all the wells in which stephensi
were found. '

(¢) Known breeding grounds.—~Reduce these by more efficient drainage, by
filling up certain excavations, draining others, and preventing fresh ones, and by gang
petrolage efforts. .

It was pointed out that unless more rapid and efficient storm water drainage |

was provided for the town drains, it would be a mistake to attempt to fill up the large

- tanks most of which were apparently doing little harm and were nseful reservoirs for
storm water.

(3) Try to reduce spring water level by stopping irrigation from certain distri-
butaries to the north-west of the town. .

(4) Preserve the water weeds Lemna, Azolla and Wollflia.

(5) Issue of quinine free to the children in tablet form as a test for several
* years.

The Committee met at Kosi on the 12th May 1912 and a resums of its recom-
mendations and of action taken or proposed is appended. Two of the original report
maps and a special project map are appended. (Maps 3, 4,5.)

Resuma. Aotion taken or proposed. -

I.—TeEaTMENT OF CANAL.

(a) Waterproof the canal bed for 2} miles It is proposed to puddle the canal bed for
"4n the immediate vicinity of Kosi (mile 53} to two miles at a cost of Rs. 18,157 and to care-
56) by the Punjab system of cement slurry and fully observe the spring water-level before and
cunette the bottom for two miles, the proposal after.
to divert the main canal for four miles being '
‘hardly practical.

(6) Flush the canal at 8 day intervals This may not be required when the
- during the period of closure. improvements proposed are earried out. ‘(
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Reosums.
IT.~DzraINaGE,

(1) Kosi town area.—~By altering the position
of a fall from mile 61 to 54'4 and so lowering the
canal bed opposite the town to 60425 the Kosi
town drain could be re-adjusted to enter the
canal at this point at a reduced level of 606 and
#0 Kosi town could be drained in a few hours,
The existing connection with tue Kosi branch
drain could remain and be used in the winter
or dry months when the canal was running
full and storm water was little.

(2) Kosi braneh drain.-—Three alternatives
are proposed—

{2¢) Turn the Kosi branch drain into the
main canal by a separate inlet, raise the present
banks of the drain north of the town to prevent
flooding, and preserve the existing syphon for
extraordinary contingencies, inserting a
cunette in the drain from the syphon to the
Pitar Fund to minimise malarial risks.

() Realign the Kosi branch drain and
syphon it under the canal one mile north of the
town by a new syphon. This necessitates one
culvert, one rail crossing and two syphons.
This is recommended if funds are sufficient,
but if not then the former.

{¢) Realign the Kosi branch drain so as
to pass to the south-west of Kosi and be
syphoned under the canal by a new syphon.
This involves two railway crossings, two
syphons, and one culvert. This is the most
expensive and least satisfactory.

III.-—TANKs AND DEPRESSIONS,

Fill up all tanks and depressions exoept
the Madri Kund to a level allowing of drainage
into the Ganda Nala which shonld be regraded,
lined with masonry and cunetted.

Railway borrow pits and excavations should
be levelled up and drained for half mile north
and south of the inhabited area by the railway

anthorities.
IV.—WgLis.

Certain wells used mainly for domestie
purposes (8, 17, 84, 87, 60) should be fitted
with fixed iron tops and a hinged or sliding
door and jug pumps, while into old agrieul-
tural wells (5, 28, 82, 48, 50) the fish Gerai
(Ophiocephalus Gachua} should be introduced,
and if the latter fails bi~weekly petrolege by the
munieipality should be introduced.

V.—IRR1GATION.
No forther restrictions are indicated.

VI

Government or the munisipality should
acquire all areas being filled up or raised and
the municipal area should be extended to
control further excavations,

Aotion taken br proposed.

The canal bed will be lowered for 5.
miles and this is estimated to cost Rs, 32,287,

This is not being carried out.

This drain will be diverted into the Kosi-
arterial drain at mile 2-6 on the drain and it-
will be necessary to carry it across the grand
trunk road, railway, canal, and Sahar dis..
tributary by new syphon. The estimate for
this is Rs. 24,848, '

This is not being carried out.

It is proposed to fill all hollows and tanks.
to & level of about 2 feet above bed of circular
and Baldeogunj drains which will be provided
with a masonry cunette. The estimate for
tank filling is Rs. 29,648 and for regrading
and relining the town drains is Bs, 82,127. .

This is for the Railway Company.

The canal project does not touch this. It
is presumed it is municipal.

The total estimate for the different works including extra establishment is.

Re. 1,44,317.

Nagina project estimate is Rs. 79,579, Saharanpur is Rs. 1,58,017 and Kosi
Rs. 1,44,317 or a grand total of about Rs. 8,82,000. These estimates.affect the
Irrigation department only ; but owing to the time necessary to collect materials,
establishment, ete.,, this department is likely to spend between Rs. 60,000 and.
Re. 70,000 on each of the three projeets before the end of the present financial year.
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SOME NOTES. ON LARVECIDES AND NATURAL ENEMIES OF
MOSQUITOS IN SOUTHERN INDIA.

By H. C. W1;Ison, Esq., Piscicuttural Expert to Government of Madras.

I think it is universally admitted that for the destruction of mostuitt
larvee and: pupae there is no better natural enemy-than fish, the other natural
enemies of lesser value being found "amongst aquatic insects and their larvas;
crostacea, molluscs, and larve of non-aquatic insects; the frog should be in-
¢luded as an enemy of the mosquito itself especially when this insect i1s egg
laying or resting on the pupa before first flight. ,

Observations and experiments were made at the Government fish farmat
Sunkesula, Kurnool district, over a considerable period; most of these tend to
show that the mosquitos with their natural instinct for preservation when deposis
ting their eggs, avoid as much as possible all waters where their natural enemies
exist. So the wholesale stocking’ of waters with larve destroying fish will
naturally tend to reduce the number of safe spawning grounds, and thus be of
greatest value. ~

In one of the experimental ponds stocked with larvacides I arranged the
control pool at a corner isolated from the pond by a small bund which the
fish could not pass. Both contain shallow water with water plants, and being
sheltered by a big bund on one side and an overhanging tree en the other, it
seemed to form an ideal breeding place for mosquitos. Although this has been
under observation for some time, no larvae have ever been found in the pond
or the control. As this control is very small it might appear to be connected
with the pond, and the mosquitos undoubtedly seeing their natural en€mies
in very close proximity, give it a wide berth and go to safer waters. -

At another experimental pond I removed the control some 15 or 20 yards
away, constructed it under a small tree, well protected from wind. The pond
was stocked with a number of fish larvaecides and the result up to the present
time shows that no mosquito eggs or larvie have been found in this pond ;
but both eggs and larvee have been found in the control.

Another experimental pond was constructed right out in an open space
with no protection from the wind ; it is kept entirely clear of fish and as far as
possible other larvaecides. No mosquito eggs or larvae have been found in this
pond so far, which shows a tendency of this insect to avoid wind swept waters
where sheltered ones can be obtained in the immediate neighbourhood, :

Another experiment was carried out to try and determine if the mos-
quito when about to deposit her eggs could detect the absence or presence
of its natural enemies. Six tubs were placed in a sheltered and dark shed with
a open doorway ; each tub contains water, floating grasses and waterweed.
Numbers 1, 3 and 35 have no larvecides ; numbers 2, 4 and 6 each contain
different species of larve destroying fish. These tubs were placed close to-
gether in a line and care was taken to see the water when put in contained no
mosquito eggs or larve,

" The fish experimented with were Chela argentia, Haplochilus affinis and
Ambassis nama. The object of putting different fish larvaecides in each
tub is on account of the habits of some enabling their presence to be detected
easier than others.

Chela argentia.—These fish will suddenly appear in places where the sye
could not see them before and with lightning rapidity take a larvae or other food
antl again disappear. If a mosquito goes near the surface of the water when
theyhare- on the feed they will jump several inchesabove the surface to try and
catch it. : :

Haplochsius affinis,—Often swims very near the surface of the water and
may remain stationary there for some little time. If the surroundings are e
similar colour their presence is difficult to detect excepting for the apoipita

spot,
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amoassss nama.~-18 a very thin fish and is difficult to see when looking
straight down on him in a tub.

This experiment which is still being carried on is of . considerable interest ;
the results up to the present time have shown an absence of mosquito larve and
floating eggs in all tubs. -

The chief natural breeding grounds of mosquitos at Sunkesula are to be
‘ound in the numerous worn out hollows of rocks of the river bed (Tungabhadra).
These hollows which are formed by the action of the water and stones “are
.ommon to all river beds of a  rocky formation. Some of these holes are of
sonsiderable depth and retaii water for long periods ; the gradual evaporation
of this brings the water level below a dome-like edge of rock which protects
the surfade from the winds. Such favourable safe breeding grounds are taken
full advantage of by the mosquitos, as I have found during most of my tours
down river beds. One of these holes in a rock in the Tungabhadra which
appeared favourable as a breeding place in every way, and being surrounded
by others heavily stocked with larvae of both Culex and Anopheles, was found to
contain a few very small fish of the genus Barbus and no mosquito larvee or eggs.
Only two conclusions could be drawn from this, viz:—

(1) that the mosquitos detecting the presence of their natural enemies
avoided it ; '

(2) that the fish had disposed of all larvee and eggs or eaten the mos-
quitos while egg laying. '

I favour the former as the natural instinct of self preservation must come
to the.mosquito’s assistance especially at such an important period (egg laying)
in ber career.

Experiments were carried out in natural ponds to try and determine the g
respective values of different mosquito larviecides, One of the experiments
was with the following fish, 273, Chela argentia, C. Phulo, Haplochilus affinis,
H. lineatus and Danio acquipinnatus and several small species of Barbus, The
method adopted was to distribute mesquito Jarve round the margins of the
pond occupied by the respective fish by means of glass dippers. After a
short period the ponds were thoroughly examined and the margin netted for
any remaining larva.

‘The final result of these tests was entirely in favour of the Chelas as far as
rapidity of destruction goes, They coverlarge marginal water areas in a very
short time in search of food. H. affinis and H. liceatus are good larvae eaters
but their movements are so slow compared to the lightning rapidity of the
Chela that given equal numbers they would take a very much longer time to
work the margins of a good sized pond.

/. 'The tests for respective values of tf]ﬁ others were not so good, as they had
. ‘been only transplanted a day or so previously.

The Chelas are remarkably active in the early mornings and evenings which
means that they are thoroughly on the feed then. They can be ceen feeding
along the margins of the poad and rising to small insects on the water. During
the middle of the day they seem to favour the deeper waters and become less
active, occasional rises being seer in the centre or deep parts of the pool, but
not feeding regularly. In distributing larvee to the Chela pond when they are.
on the feed, the fish can easily be seen like a silver streak as they take them off
the surface and while wriggling just below.

I potice in Messrs. Sewell and Chaudburi’s pamphlet *Indian fishe of
proved utility as mosquito destroyers” that they quote ‘* Bentley " as stating
the value of the *“ Chelas” has been exaggerated and that they will leave larvae
untouched for long periods. The only possible explanation I can offer is that

- the larvz have been put ina pond at a time when the-Chelas were not on the
feed. Tho above-mentioned authors state (page 18) that ““ None of the members
of this genus are surface feeders and we have found them of little or no use in
destroying larvae.” There must be some mistake here as all the members of
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i}is genus are surface feeders and amongst our most active ones ; the upward-
“‘pdsition of their mouth clearly shows where they feed.

A similar error has been made on the same page with reference to Rasbora
daniconius where it is stated that it is purely a vegetable feeder ; this is not so as
it takes small flies off the surface of the water and can be caught with a small
artificial gnat.

An experiment was made with “ Therapon jarbua "’ which is common in all
backwaters ; four of these were placed in a tank with 50 mosquito larvae; after
. three hours a caretul search was made and only four larvae were found. Another
lot of mosquito larvee numbering upwards of 300 were putin this tank one
evening about 4 P. M..and the next morning the water was completely baled out
and not a single larve was found.

The next experiment was with the small Nuria malabarica, Seven were
Jlaced in a glass tank together with mosquito larvae and at the end of four days
hey had not touched the larve.

. An experiment was made with the pond skater (Gerris) which isa well
snown aquatic insect and widely distributed and can seize and hold living prey.
[ fastened a mosquito on to a minute hook with very fine gut-and with the top
siece of my fishing rod I danced this about on the surface of the water where
several pond skaters were; they dashed at it and one secured it and went of,
[ raised the gut line and he did not leave go until I put him on drv land. Whether
1e is able to catch a mosquito in nature | cannot say for certain, but I should
hink highly probably, especially wheit the mosquito is egg laying or stretching
ts wings on its pupa raft preparatory to flying. _

As the big pond skaters seemed to take fright at my operations, | went to a
dlace where a number of young ones were sporting, and distributed mosquito
arve. They struck at the larvee whenever they came to the surface, but with-,
sut catching them, as | observed the larva dashed away in each case. This
striking game was carried on repeatedly but they never caught one while I was -
:here,

A full grown Gerris kept in captivity in.a small glass jar together with larvae
and some small flies refused to touch anything and died in about six days.

I kept some small water boatmen Notonecta glauca in the same vessel as
mosquito larvae; after six days they had not touched the larve.

There is a small water flea (a crustacean) which I have often seen attack
the eggs of a swnall fly like a Yellow Dun (Ephemiride) which swarms on the
Kurnool-Cuddazah Canal and most rivers on the plains. This fly appears just
after sunset and deposits its eggs on the water. While keecping these eggs
under observation some years ago, | noticed this water flea attack and attach
itself to an egg, the fertility of which it wculd not doubt destroy. There is no
reason why it should not attack mosquito eggs; but this can easily be tested.
The only use it could be put to would be in the small holes in rocks and puddles;
I think, however, that these places are easily dealt with by using oil.

With molluscs 1 had similar experience and concluded that the unnatural
surroundings make some of these tests untrustworthy.

I tried experiments on frogs in natural surroundings; I fished with a
mosquito similar to the operations of the Gerris, dancing it about near the frogs.
They seize it at once and could quite easily be hopked. In nature they will have
difficulty in catching mosquitos excepting the periods as mentioned in the case
‘of ‘the pond skater.

During my tours in Southern India for the past six yéars I have often been -
told at small villages that if they take water from a particular well it is supposed
to give them fever, but the other well which most of the people use does not.
They also state that the presence of frogs in a well shows that the water is good,
and the bad well seldom has frogs. An explanation of this may possibly be as

" follows :~—The bad well may contain murrel (Ophiocephalidze) a natural enemy of
the frog, which would keep it clear of frogs and small fish. The presente of frogs
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“in‘the good well shows there are no murrel and it is highly probable that some
small larvae eating fish will be there also. The mosquitos would naturally -
favour the so-called bad well as it is the safest breeding ground, -and multiply
rapidly. It would be reasonable to suppose that a number of these will become
in&cted with malaria germs by biting visitors to the well and so spread it. The
fever is then put down to drinking tﬁe water of this well.

Ifit is ever dicided to treat all mosquito infested non-permanent waters
suitable for fish by stocking with fish larvaecides each year, it will require a very
large number. The best way to deal with this question from a pisciculturist’s
point of -view is to establish proper breeding places at convenient centres where.
there is permanent water and from these centres transplant to the mosquito
infested areas. It is certainly not policy to take them from the natural supplies

- of one district to stock another each year.

The natural distribution of these small fish that prey on mosquito larva in
India is widespread, but it must be remembered that most of them that ente:
non-permanent waters each year, are killed when all these vast areas dry up.

I would suggest that a few of the well known larvaecides (fish) be selected
and bred on a large scale at such centres as mentioned above. This is being
done now at Sunkesula fish farm which will be able to supply Kurnool and the
villages in the district, if Government request it. When the Sunkesula fish farm
was constructed [ stocked all ponds with Chelas before any other fish were
introduced, for the purpose of keeping down mosquito larva ; this was two years
ago and they have kept my ponds entirely clear. L

In conclusion I give the following particulars of fish I consider would he of
most use in the different classes of waters to be stocked. ‘

1. Genus—Chela (all species are useful but the smaller ones are the
best).

Geographical distribution of genus according to Day: Sind, Contis
- nent of India and Burma including Malay Archipelago. -

Class of waters where these species would be of greatest service:
tanks, swamps and village ponds. '

The members of this genus are net good travellers, but if taken in
prcf;plerly constructed carriers can travel considerable distances
safely.

3. Genus fHaplochilus,~—Day gives four species.

Geographical distribution of the genus: India, Malay Archipelago
and beyond, tropical Africa, Islands in the Indian Ocean, also
temperate and tropical America. :

Best suited for stocking wells, channels, stagnant poolé, and any
mosquito infested waters at long distances from the breeding
grounds. '

These fish are exceedingly good travellers and if properly prepared
for a journey (conditioned) and not overcrowded can be kept
in the same water for days together, the water requiring very
little eration.

3. Genus-Therapon.—Species Therapon Jarbua.

Geographical distribution of the species (Day): From the Red
Sea_ and east coast of Africa through the seas and estuaries of -
India to Malay Archipelago and north coast of Australia,

These are suitable to stock backwaters, salt and brackish swamps and
poolds near the coast. These fish can also be used in fresh water
ponds.

They travel fairly well, it care is taken,




18y

A STEGOMYIA SURVEY OF THE CITY AND ISLAND OF
| BOMBAY.

By Major W. Glen Liston, M.D., D.P.H., 1.)1.S., and Sub-Assistant Surgeon
1. G. Atula,

Bombay City, the capital of the Presidency and the principal sea-port of
Western India, is situated on an island in 18°55" N. and 72°54" E. The island is
for the most part flat, is some 11 miles long by 2 or 3 broad. The distribution
-of the population over the island is irregular, the greatest concentration being
found in the south, while the northern portion is sparsely populated. Large docks
extend along the greater part of the easternshores. During the year 897 vessels
of 2,358,893 tons burden engaged in foreign trade entered the harbour. The bulk
of the imports are supplied by the United Kingdom, but there is considerable
trade between Bombay and the Far East.

- The climate of Bombay throughout the year is strikingly uniform, there .
are no extremes of heat and cold. The climate may "be said to be temperate, but
is oppressive owing to extreme saturation of the air with moisture during the
ﬁeater part of the year. The cold season is short, lasting from December to
March, The hottest months are May and October. The average rainfall is
about 8o inches, though there is a considerable variatidn from year to year with
a minimum of about 35 inches and a maximum a little over 100 inches. The
rainfall is almost wholly confined to the monsoon months June to September.

The Culicine survey of the island was begun in the end of July and the
present review covers the period August and September. The work was
undertaken by the authors in coroperation with the Municipal and Port Trust
Officers. We take this opportunity to thank Dr. Turner, Dr. Shroff, and
Mr. Lythe for their co-operation with us, |

The larvee of mosquitos of the sub-family Culicine have been
collected and identified from gz2 breeding places where they were found, As
will be seen from the accompanying table about 51 per cent, of these mosquitos
belonged to the genus Stegomyia and the allied genera Scwfomyia and
Dosvoidea. The species identified belonging to these genera were Stegomyia
fasciata and scutellaris, Scutomyia sugens or a species closely related thereto, and
- Desvosdea obturbans. By far the most common mosquito of this group was
Stegomyia fasciata. lts breeding places were found 273 times. The proportion
of these mosquitos to others of this group was 59 per cent. or about 30 per cent..
of all Culicine found in the city. The breeding places of this mosquito were
distributed all over the island, in the most densely populated part of the city as
well as in the more open country or suburbs. Stegomyia fasciata showed special
preference for certain kinds of breeding places being found 106 times in
wooden tubs containing water, so that this type of breeding place constituted
39 per cent. of the' whole. Other selected breeding places and their relative
proportion to ihe whole were cisterns 11 per cent, iron vessels, tin pots, etc,,
o per cent, well$ 8 per cent., wooden barrels 8 per cent., cattle” troughs 4
per cent., masonry, garden tanks, cess-pits, zinc baskets 3 per cent. The
larve of Stegomy:a jfasciata were more rarely found in the following
situations broken pots, cups, lily-pots, fire buckets, earthen drinking pots,
hollows in iron girders and other odd receptacles as shells or antiformicas. In
every instance the breeding places were found in what may be called artificial
collections of water associated with human habitations. The water in almost
every case was clean and free from putrifying material, in this respect this
mosquito differs from those described below.

The larvee of Stegomyia scutellarss were found on 56 occasions. This
species of mosquito constituted 12 per cent. of the Stegomyia group and 6 pet
cent. of all Culicine met with. It was not found, like Stegomyia fasciata, evenly
distributed over the island, but was met with in the urban parts only where the
houses were surrounded by gardens and where shade and shelter were avail-
able. This mosquito was more commonhy found in the suburbs of the city. Like
Stegomyia jfasciata its favourite breeding places were wooden tubs and iron
pots ; such breeding places constituted about 48 per cent. of the whole. Ag
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compared with Stegomysa fascista thig mosquito exhibited rather a preference
for iron vessels. Less frequent- breeding places of the Stegomysa scutellaris were
wells, cattle troughs, and occasionally the larvae were found in such. places as
broken bottles, cups, flower pots, fire buckets and antiformicas. It was rarely
though occasionally found in pools and ditches filled with rain water.

Seutomysa sugens, or a species closely related. to this mosquito, was met
with in different parts of the island, especially in the neighbourhood of the new
ducks, The breeding places of this mosquito constituted 23°5 per cent, of the
whole of the Stegomyia group.

, The breeding places of Desvoidea obturbans were found on 29 oceasions
forming thus 6'a per cent. of the Stegomyia group. This mosquito was gener-
ally found breeding in dirty water coloured brown by organic matter in solu-
tiéi. The larve are most commonly found in drains which are often connected
with stables. They have also been found in wooden tubs and hollows containing
rain water, in iron girders and in disused machinery. More rarely they ‘have .
been found in cattle troughs, masonry tanks, fountains, buckets, cess-pits and
roof gutters.

Of the other Culicine encountered in our survey Culex concolor and fatigans
were the most commonly found. Zaeneorhynchus perturbans was also occasion-
ally met with. Onone occasion we collécted some larva of Culex mimeticus .
4rid we dlso found a mosquito of unknown genus;; unfortunately the specimens
‘of this ‘mosquito were so much damaged as to make it impossible to describe or-
identify them. ;

It has been clearly established that Stegomyia fasciata is widely distri
buted in the Island of Bombay. It breeds in places closely associated with
human habitations where water has becn accumulated for domestic use or where
it has collected in disused utensils during rain. The climate and trade relations
of the port of Bombay are such as to favour the spread of Yellow Fever should
the Ports of the Far Bast become infected with the disease on the opening of the -
Panama Canal, '

The breeding places of Culicinz found in the City and Island of Bombay.

Number of places in

Species. which larve were found.

Stegomyia fasciata e vee s I .29%
Stegomysa scutellarss - e e ;

Scutomyia sugers ... . 104
Desvoidea obturbans oo 29
Culéx concolor .’ 249
Cnlex fatigans vee 197
Tabhoorhynchns perturbans .., ‘os oo 13
Cak‘ m“met{‘u& ves e .. Xy L

Total breeding places examined ., ooe 923

adlE £ a1
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STEGOMYIA IN KARACHL

- By Dr. K. S. Mhaskar, M.D., D.P.HD. & f., on special duty Stegomyia
' inquiry, Karachi.

Karachi—the capital and chief city of the province of Sind~-is situated
on the northern shores of the Arabian Sea in 24'—47'N. Lat. and 66'—358'E.
Long. Itis the third in importance of the sea-ports of British India and is
the natural outlet of the trade for Sind and the Punjab. It isthe sea-board
terminus of the great railway system of the North-West, which extends to
Peshawar in the North and to Delhi on the East. The present importance
of the port is due to its being the most westerly in India being 200 miles.
nearer to Aden than Bombay, and it may in future become the point of
junction of a main line of railway to Europe. - :

Phystcal Aspects.~The area within Municipal limits comprises nearly
74 square miles and includes large areas of dry waste lands and useless rocky
ground covered at certain seasons by water, The aspect of the surrounding
district is hilly excepting that bordering on the sea. Ranges of hills, lofty and
barren, run from north to south with deep wide valleys between., After
heavy falls of rain these afford, good pasturage. The populated area of
Karachi town is much more limited being only 5 square miles and is in the shape
,of a triangle with its apex at the Custom house and the base formed by a line
from the Cantonment Station to the Government Gardens, On the north and
west there extends a shallow break-water through which runs the one river
““The Lyaree” and a number of creeks connected with it. When heavy
rains fall in the hills the river comes down in flood, but this occurs only for
a few days of the year and generally the river bed is dry. The crecks are
fringed with mangrove bushes and drain the marshy ground and mud flats
which are covered with water at high tide. . The tidal waters of the creek
have a scouring effect and the mangrove swamps are almost entirely submerged
twice a day. .

Hydrography.—The canals of this disirict are all in the Indus delta
which extends from Ghizri to Ghar 125 miles distant.  The supply of water to
‘the city is obtained from two wells on the Malir river 16 miles away and is
from thence conducted by conduits into a distributing reservoir. The tanks in
the city are all, filled up. There are very few wellsin the city, none being
found in the Civil Lines nor in Kiamari which is the harbour proper. The
water-supply excluding that for garden and municipal use is 14'5 gallons per
head per day. '

The town is not much above the mean sea level, the greater part of it
being from 5to 7 feet above that level while the Civil Lines are from 10 feet
to 3o feet and upwards. Sull the influence of the tidesis felt in low-lying
lands where the water oozes up at spring tides and forms shallow pools.

Drainage~The town is partly drained on Shone's ejector system and
gravitating drains. But the greater part is supplied with cess-pits from which
the foul water is carted away. There are no storm water drains or entrances,
and no catch pits.

Vegetation—The vegetation is characteristic of a rainless climate, a dry
atmosphere and a sandy soil impregnated with salts. Only the Babul and
the Milkbush are seen and there are no jungles round about,

‘Climate—The climate of Karachi resembles that of Bombay in
temperature, humidity and, equability, January being the coldest month and
May and June the warmest, "The months from April to October for five years
show a mean maximum temperature of 89° F. and the months from November
to March a mean maximum of 75° F. The average of the lowest recorded
temperature for the same period of five years is 65° F.

Rainfall—The rainfall is slight and precarious and is not confined to
the usual monsoon season of Bombay, viz., from June to October, but often
happens in December and January. Nor is it ever a one long downpour.
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Excluding the last two abnormal years the average annual rainfall is from.
5 to 7 inches, The total number of rainy days during a year vary from 5 to 9.
Still the volume of water brought down by the rivers from the hills rushes
into the town and remains for a fortnight after in pools till it dries.

Humidity~—The atmosphere is moist. The lowest relative humidity
occurs in December, véz., 50. It begins to rise from January to April, reaching
its highest 84 in May or June. 'The south-west winds prevail during 8 months
of the year, and this added to the low situation of the town and stagnant pools
in the break-waters that surround it, make the climate humid and moist,
For the other 4 months the northerly winds prevail. The roads from the
town lead straight from the harbour and there are also very large open
areas ; the houses are mostly two-floored. All these combine to make the
wind acutely felt in almost all parts of the town.

Population.—The population of Karachi, according to census of 1911, is
159,270 and only 18,375 belong to the Cantonment and the harbour. The
very large population is concentrated almost wholly in the old town.

The present survey started on the 24th of August deals with the Civil
Lines, 7.e., the greater part at the base of the triangle explained above, the
Kiamari harbour and village and part of Manora,—an island just opposite
pccupied by the Military, Port Trust and the harbour works. There were
ng rains during the period.

Breeding Places—A detailed consideration of the breeding places met
with indicates that the vast majority of them are artificial and differ with the
class of people residing in the locality.

Civil Lines—In the European quarter, 7 e, the Civil Lines, masonry
tanks, mud or brickwork channels from these to various partsof the garden
and cess-pits are most important. Next to these are the antiformicas——shallow
vessels containing water placed under tables, etc.,, to prevent ants from
ascending. Last of all are the drinking water chatties. There are no wells,
no tanks, and no municipal drains. There is just beyond an extensive area
of marshy land which is sparsely covered with lowbushes and weeds and
shows thick incrustations of salt on the surface. The water oozes up here and
stagnates and the puddles, which are shaded by weeds or mosses, harbour
hundreds of larve. ‘

Kiamari—The railway occupies a good deal of space on Kiamari and
in connection with these there are a number of offices and warehouses.
Only a small part is occupied bya village built on model lines by the Port
Trust. There are no docks, but a long line of wharves extends from one end
to the other. A few garden tanks, stand-pipes.and drains f{rom these and a
few tubs not more than go all told, arethe possible breeding places at the
present time. In the village the breeding places are limited ' to the
earthenpots for storing water, cess-pits and a few stand-pipes and cattle
troughs.

Manora,~=Manora differs from Kiamari and the Civil Lines, There are
here half a dozen wells about twelve feet deep and containing not more than
a foot of brackish'water. Half a dozen tanks about 50 feet in diameter hold
the telegraph. cables and though cleaned every eight days were still found to
harbour larvae. The water-supply is limited ; it 15 brought from across the
harbour in large tanks and stored in smaller ones with mosquito proof lids.
There are no gardens and most of the cess-pits were clean. The servants’
quarters were found frequently infected as at Kiamari.

Varieties of Mosqustos.~The different species of mosquitos met with so far
are : Culicines :—

Stegomyia fasciala,
Culex fatigans,
Culex concolor
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Anophelines :—
| Nyssomysomyia vossi,
Neocelisa stephenst,
Cellia pulcherima ;

and one more not yet determined, which may be Nyssomysomyia or
Negmysomiya, .
No Desvoidea were discovered.

By far the commonest is Culex fatigans which was found everywhere.
Stegomyia fasciata, the only species of this genus found, came next in extent
of distribution. These predominated at the harbour, and at Manora. The
Stegomyia was seen flying about in workshops and offices in numbers. Since
the commencement of the inquiry over 3,000 collections of water have been
examined for larve, and include about goo masonry tanks in gardens and
compounds, about a thousand tubs, drinking water chatties and antiformicas,
and about 20 private fountains and cattle-troughs and the rest of them cess-
pits and drains, ete. The soil being porous, water easily percolates through and
dries. There had been no rain during the period and so such likely places
as tubs, disused troughs, tinpots and holes in machinery in the harbour, were
dry.

In the Civil Lines ten per cent. of the breeding places had larvee. The
two anophelines were always found in the garden tanks and the channels
leading from them, In these places there was little or no movement of water;
they were shaded by trees, contained fallen debris and had muddy bottoms
and slimy, or moss and algze covered walls, The water when sampled in
bottles was not much discoloured. Sometimes the two varieties were found
breeding in the same place.

The Cuiex were limited to foul and stinking water in cess-pits or gardens
or tubs in which manure was kept.

The Stegomyia fasciata.—The Stegomyia fosciata, is pre-eminently a chatty
breeding mosquito here, even clean and new chatties with clean water being
sometimes found full of them. Perhaps itis the odour of moist baked earth
that attracts them most. They were never found in foul and stinking cess-
pits like the Culex fatigans, but neglected cess-pits in which the water at one
time might have been fairly clean showed them in numbers. A few clumps
of bamboo were found in a few gardens, but no Stegomyia were found in these
situations. Indeed, rarely was it found in the garden outside. )

At the Kiamari harbour while the Sfegomyia were almost always found
in the drinking water chatties, the culex were found outside in the cess-pits
in almost 50 per cent. ofy them. Only half a dozen places having gardens
showed Ross: and Stephens:.

At Manora though the stegomyia has been seen flying about, its breed-
ing places have not yet been discovered. The wells and tanks were full of
the undiagnosed anopheline and rossi.” The water in the wells was very brackish
and the tanks hold sea water for the cables.

The method of investigation was to examine all the possible collections
of water for larvee and hatch them out in the laboratory. In most of the
places where complaints were made of the prevalence of mosquitos an attempt
was made to catch them in the bed rooms and out-houses, but only the
Culex fatigans and Stegomyia were so caught.

'The stegomyia bite viciously during the day and are not scared by light. -
Dark clothing attracts them most. It is essentially a domestic mosquito
living and breeding in the immediate neighbourbood of houses and adapts
itself to all sorts of conditions, provided that the water is stagnant. The
larve are of creamy white colour and darken later to a pale brown tinge
, when they are about to change into pupae. The intestinal canal can always %e
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made out with the naked eye as a dark line inthe bouy.. Their movements
are sluggish and wriggling and they pass a greater part of their time
browsing at the bottom. At the surface they hang limp down almost vertical or
go round and round the receptacle with worm-like movements and probably
feed on the surface film. Some of those which were smallest, when caught
at the beginning are still larve, 7.e., they are at least 4 weeks old. '

The pupa is not so dark as that of culex fatigans. The respiratory siphon ,
tubes are not so long as in the latter and extend beyond the dorsum pnly by a
fraction of their length. They are broader and the opening is slit-like and
narrow. Within three days the imago hatches out.

The imago varies in size from 2'5 to 5 mm, the smaller size predominating.
Their colour for a day or two after emergence is bright yellowish red on the
thorax with white lines, it gradually darkens though never so much as seen in
Bombay. ‘

Culex fatigans, the larve are found in enormous numbers in the cess-pits
especially at Kiamari. It breeds readily in foul water and stinking decompo-
sing moss and facal contamination are no debar.

The brackish puddles in the marshes and mangrove-swamps showed
species of Zeniorhynchus and Anopheline,

The Nyssomyzomyia rossi was found in large numbers in the brackish
wells at Manora and in the salt water tanks.

Culex concolor was met with in a dozen places along with Culex fatigans.
Cellia pulcherima was found only once.

Besides the culicide, the sand-fly = Phlebotomus was found everywhere
and is a great pest at Manora. ,

The conditions under which the stegomyiz are met with, so far, are all
artificial and are probably not influenced much by rainfall, etc. Their finding
is an index of negligence and carelessness. '

In conclusion it is yet too early to consider the conditions which may in-
fluence the number of these mosquitos and their breeding places and the
steps necessary to control them. Though only ten per cent. of the places are
infected the nature of the rest is such that any one of the go per cent. may
become at any time a potential nuisance. :
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PROGRESS REPORT—STEGOMYIA SURVEY—PORT OF CALOUTTA.

Major A. C. MacGilchrist, 1.M.8., on special duty.

Only two species of Stegomyia ( fasciata and sculellaris) have been met with in
the Port of Caleutta. If is noteworthy that §. fesciais is found only in densely-
populated areas. For this reason the term “ domestic ” as applied to it is not quite
appropriate; it is too wide a term. . fascigiz is a town or city mosquito; it
is not content to live in small villages such as occur on the banks of the Hooghly.
In the Port of Calcutta this mosquito has been found only in the densely-populated
parts of Calcutta and Howrah and in a small area in Garden Reach. See map. In
Calcutta it is a very common mosquito in the northern part of the eity—i.e., north
of Dhurumtollah Street, including not merely the Indian residential quarter but also
the European commercial quarter and Government Secretariat buildings. By Paiva
it has been found common also in the *‘fringe area ”” of Calcutta and especially in
that part of the * fringe area” adjoining the northern part of the city—i.e., east
of Upper Circular Road. We have been unable to find §. fasciale in any of
the villages on the banks of the Hooghly below Garden Reach.

8. scutellaris is exceedingly common throughout the port: it has no objection to
either rural or city life. It does not object to live near a solitary isolated hut, so long
as that hut 1s .inhabited. While 8. fasciata is seldom found breeding more thav a
few yards away from inhabited houses, 8. scufellaris is often found breeding some

100 yards away. If,in Caleutta, a mosquito is found biting in the day-time, it is
almost sure to be one of these two species.. The only other species of mosquitoes.
which we have found to bite in the day are those of Desvoidya: they have been
observed to bite occasionally in the late morning and early evening. The above
stegomyie bite readily and frequently even in the middle of the day, their bite being
more irritating and the result more conspicuous than those of other genera,

Only in rare instances have S. fasciaio and 3. scutellaris been found in the same
receptacle and at first it was thought they might be antagonistic to each other.
Their larves, however, when placed together seem to live quite peaceably : the adults
emerge side by side.

Favourite breeding places for both species of slegomyia are the broken earthen
pots, containing rain-water, which are found so commonly around houses.

8. fasciata has been found on the third floor of a house in the northern part of
Calcutta in a very congested area. The larvee are found whenever water can collect
inside and in the immediate vieinity of dwelling houses. This species of stegomyia
seems to prefer small collections of water ; the eggs can resist drying for months.
The larvee have been found in receptacles holding only a couple of drachms of water

which would all evaporate in a very few days. The following breeding places have
been noted :—

1. Earthen pots of all shapes and sizes. (This is the commonest.)
2, Cement aud masoury work (next commonest)—

(a) water cisterns about 4’ square,
(b) ornamental structures, e.g., in Dalhousie square gardens for holding
flower pots.

3. Metallic vessels—

(a) galvanised iron cistern, 4’ X 4’ X5/,

(8) old tin box, 24 x 14X 1/,

(¢) condensed milk tins — hung up as traps,

(@) kerosine tins, .

(¢) iron girder placed on its side, water being retained between the flanges.
4. Household utensils—

() Ensmelled iron bowl,

(b) Porcelain flower pot.
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It is odd that we have not discovered 8. fasciala breeding in wooden receptacles
possibly owing to such receptacles not being in very common use in Calcutta for hold-
ing water. 8. scutellaris seems to prefer wooden receptacles next to earthempots :
it was found in—

(a) wooden tube,

(5) a hole eut in a log of wood, about 2" square,
(¢) hollows of bamboo stumps,

(d) a cocoanut shell, Z

The larvee of 8. faseiata and 8. scutellaris were found together in an enamelled
iron bowl.

We have not discovered the larvee of 8. Sfaciata (or of S. scutellaris) in any very
large collection of water of a tank or open drain, although Paiva apparently had found
them in both of these places-—during his survey of the * fringe area ” of Calcutta.

While the larve of 8. fasciata have been found only in receptacles made by man,
i.e., artificial, the larve of §. seutellaris are oftem discovered in natural receptacles
such as hollows in the trunks of trees.

Both species of Stegomyia seem to prefer water coloured brown from the
presence of decaying vegetable matter; the larvee are never found in foul-smelling
.or brackish water,

Both species lay their eggs singly either on the surface of the water or on the
sides of the vessel, The eggs of 8. scufollatis ave only about two-thirds the size of the
eggs of 8. fasciata. Some eggs of 8. fasciata were dried and kept on blotting paper in
-an almirah for a month (October——November). Whbn after that period the eggs were
placed in water, larves made their appearance in less than forty-eight hours.

The larvee of both species can remain quite a fong time under water without
coming to the surface to breathe. At the surface they hang almost perpendicularly.
They are very sensitive; if in the least disturbed they go to hide at the bottom.
They live mainly on vegetable matter ; in the absence of vegetable matter they will
feed on dead larvee.

The larvee stage lasts for seven or eight days. The differences between the
larvee of 8. fasciata and 8. scufellaris are minute; these two species can be
differentiated only by the aid of the mieroscope.

The pupal stage lasts two or three days.

The adults of the species fasciata vary much in size and to a slight extent in shade
of colour; those of scutellaris vary also greatly in size. The females of both
species are generally larger than the males.

Under ordinary circumstances, these two species seem to bite only in the day-
time and are most active in the afternocon from about 4 p.u. till it is quite dark. If
kept caged all day and fasting ; they bite at night, even mid-night, if they get an
opportunity. Under ordinary or usual natural conditions, none have been caught
biting at night.

The males of both these species frequently rest on the human body ; so we tried
several times to get them to bite but without success. Apparently the males, when
they sit on the human body, are merely in attendanee upon the females : thev do not
suck blood. |

The bite of either species 1s very uritating and is followed in a short time by
jtching and swelling of the part bitten. Both species are very bold and persistent
in their endeavours to bite. | " | '

Dark colours atiract them ; black clothes, umbrellas, ete., are favourite resting places.

Even on the first day of their life each species has been seen copulating.
Under ordinary conditions they copulate on the wing : in captivity, after uniting in
mid-air they rest on the wall of the cage, the female clinging to the cage and the male
underneath the female and elinging to her ventral surface—i.e., ventral surface to
ventral surface. We have been unable to get any eggs from either species kept alive

or days or fruit juice—although copulation oceurs—so long as the females do not get
a feed of blood. - SR
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It was observed that individuals of the species fasciats not infrequently copu-
ated with individuals of the species scutellaris; but this coupling seems to be
unproductive.

Both species of stegomyia are most numerous during the raing—as one would
expect—inasmuch as the breeding places are mueh more numerous, e. g., broken earthen
pots will contain rain water. Eggs of 8. fasciala, which may have been left dry
after evaporation of the water months before, floating once more in water are now
hatched out.

Why should S. fasciata be so much commoner in the northern part of Calcutta ?

(1) Differences in storing drinking water : cisterns without lids : soda water :
denser population : therefore more numerous water utensils.

(2) Population : denser population : therefore more blood available.

(3) Earthen pots and handis and other receptacles mueh commoner than in
European quarters.
(4) Houses old: drainage bad.

The species Desvordya obturbans is very common in the Kidderpore Docks and
-elsewhere. It breeds in foul stagnant water. It bites to some extent in the day
time, ' : .
Leucomyia gelida was very common in Calcutta and neighbourhood during
August and September : it breeds readily in earthen pots. _

Giant mosquitoes of the genus Yozorkynchites require special consideration in
this paper.

Tozorhynchites.—Two species of these giant mosquitoes are found extensively in
the port of Caleutta (1) with banded legs and (2) with unbanded legs. They are rare
in the centre of Caleutta but are common in the guburbs—a probable reason for their
-avoidance of the city being the absence of succulent trees : they are vegetarians and
do not suck blood. They are plentiful on the banks of the Hoogly below Caleutta.
As with segomyia their favourite breeding places are earthen pots: there is usually

‘mud or sand at the bottom of the pot. Their larve are seldom found in the same
receptacle along with larvee of other genera: they are usually found alone and
generally in very small numbers—only from one * to four specimens in each recepta-
cle. The reason is that the larvee of Zozorhynchites are carnivorous and eat up the
larvee of other genera, and in the absence of larve of another genus, they eat one
another, the largest and strongest larvee surviving. The adults apparently do not
bite man or suck blood.

The adult female lays her eggs while on the wing hovering just above the surface
of the water. The eggs are white in colour, globular and laid singly, some distance
apart. After some 12 hours the eggs become oval. Under the microscope the surface
of the egg is seen to be jagged or prickly. In about 40 hours the egg-shell bursts and
the larves emerge.

The larve are stout and whitish but soon aequire pigment, at first bright red,
then dark red and finally brown. When fully grown they are about ” long. From
the time they are hatched their carnivorous habit and cannibalism are manifested.
If other mosquito larvee are not available, they eat one another. In the absence of

,other living larvee of another or of their own kind, they will eat dead larvee and failing
-dead larvee they seem to live on vegetable matter.

The manner in which they devour other larvee has been deseribed by Paiva.
We agree with all Paiva says except that the larvee of Toworynchites does not lay
hold of any particular part of the anatomy of the vietim but seizes the victim at what.
-ever spot happens to be nearest and within convenient reach—sometimes thorax,
sometimes tail, ete.

A larva of Tozorkynchites can kill larve of slegomyia three or four times its own

size. An ordinary larva of Tozorhynchites can easily dispose of half-a-dozen good-
sized larvee of another genus in about half an hour.

* In one instance about a dozen larvie of toxorhynschites were found in ous and the same roceptacle ; but sowe
larves of other genera were presont.
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1. Measures suggested to desiroy Stegomyia fasciato—

A. To diminish the number of their breeding places which are all provided by
men— '

(@) Mdvable receptacles, e.g., earthen pots, ete., to be properly disposed of.
Here the value of systematic concerted action on the part of the citizens would be-
immense.

(6) Fiztures—Buildings and masonry structures.

. No hollows left capable of retaining water,
Eneineers and builders | mosquito proof lids to cisterns and other:
B . ' }1 water receptacles, good drainage for rain
~and sullage water.
B. 1o destroy ther larve—

To provide a certain number of traps in which Stegomyia fasciata would lay
its eggs and to breed for these traps a healthy stock of young larvee of genus
Toxorhynchites. :

I1. Measures suguested to lessen the risk of the introduction of yellow fever.—
Vessels coming from infected ports should not be allowed up the Hooghly
. within a certain number of miles of Garden Reach, This loading ang unloading and
quarantine station should be in as isolated a spot as possible—as far from large-
villages as possible ; and no huts or buildings (other than those necessary for crews,
passengers and cargo) should be allowed to be erected at that spot or within a certain.
radius of it. With yellow fever we have not got to comsider latent infection and
infection-carriers as we have to do in the case of malaria. Protozoal diseases are of
two kinds—

(1) The protozoa remain in the body after convalescence and so are capable-
of carrying infection after recovery from fever, e.g., malaria, trypano somiasis,

(2) The cause of the illness disappears from the body with convaleseence, e.g.,.
relapsing fever, yellow fever. So these measures, combined with fumigation, should
eliminate the dangers so far as infected people and infected mosquitoes are concerned.
That infected mosquitoes can transmit the infection to their offspring has not, so far
as I know, been confirmed. If confirmed, the problem of preventing infected mosqui-
toes’ eggs, especially in a dried state, from reaching Caleutta would be a difficult one.
I show you a tube-bottle in which a stegomyia was enclosed and forgotten, Days.
afterwards the tube was casually examined. It contained the shrivelled body of a
mosquito and on the walls and bottom of the tube were seen numerous stegomyia eggs
which must have been laid in a dry tube. Water was added to the tube and in a.
few hours numerous minute stegomyia larvee were wriggling about. It isinteresting
to observe the cap or lid at the broader end of the agg. This cap drops off when the-
larvee emerges. ,
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NOTES ON DISTRIBUTION- AND HABITS OF STEGUMYIA
MOSQUITOES IN MADRAS,

- By Captain J. H. Horne; ].M.8.

. The following notes are based on a three weeks’ survey undertaken in order to-
find out, for the purposes of this Conference, the species, distribution and habits of
stegomyia mosquitoes in the town of Madras. The original svheme for a stegomyia
survey of the main Madras ports has not yet been sanctioned, and these notes cannot.
be taken as in any way representing the results of a complete survey.

Species.—Two species of stegomyia occur here, viz.—
(1) Fasociata.
(2) Scutellaris.
Fasciata is the more widespread of the two and is essentially a house mosquito ;.

soutellaris 1s common where there are trees, and is in Madras at loagt, apparently an
out-door mosquito.

1. Stegomyia fasciata.— [ts breeding places may be classed as follows : —

(1) All sorts of receptaciss containing water, e.g., earthenware gurrahs (by far-
the eommonest), tins, tubs, lower-plots, fire buckets, pails, mill stones, ete.

(2) Drains, open and underground.
(8) Wells, surface and deep ; both indoor and outdoor.

In receptacles they were usually found along with steg scutellaris, Sc. sugens
and N. M. rossi; less often with Cul. fatigans and teeniorhynchus. As a ryle
these receptacles were lying about in compounds but were sometimes in very exposed
plaoces, 6.g., flower pots on the roof parapets of two storey buildings.

‘It is only in the harbour that the larvee have been found ‘to occur in drains:

and here the mosquito is so abundant as to constitute & serious hindrance to work
in the offices and goods sheds.

The larvee were taken—

(1) in an open cement drain round the goods office,
(2) in a covered underground drain round a loading shed.

The latter drain was roofed over with stone slabs between which were nume--
rous chinks and spaces permitting easy access to the water below.

No stegomyia larve have so far been got in the drains in the town.

Their presence in wells was first detected in a ‘ deep ’’ house-well in George-
town, so dark that the surface of the water could only be seem with difficulty.
Further search revealed them; in an out-door well (“ deep ”’) in a neighbouring
compound ; and again in a surface well in an open space in another part of the town.
The chances are that their presence in such wells is widespread. The firs{ well was.
in use, the others were not.

In these wells they were found along with Neoo. * stephensi ¥ and Cul
fatigans. _
Fasciata larvee were not found in open pools, ditches, or bamboo stumps.

. This mosquito (steg. fasciat) was found to be generally present througheut the
city, though in grestly varying numbers 8 out «f the. nine main divisions of the town ..
were visited aud in seven of theseit.was met.iwith. . It was most abundant in the
harbour and the adjoining district of Georgetown.



The adult fasciata were almost all eaught inside houses and always in the close
vicinity of a breeding place. Only a very few were caught in sheds stables and
rdens. Their presence in huge numbers in the harbour goods ¢ sheds’ seems
at first to contradict this statement, but these sheds are closed buildings and contain
large numbers of coplies during the day.

In the town they seem to show a preference tor better class houses of two or
more storeys, possibly because of better breeding places (such as wells, flower pots, ete.),
but in the mud huts of paracherius they were as a rule very scarce even when there
were plenty available gurrahs close at hand.

In areas where adults were scarce the close association of adult and breeding
~lace was very striking. In the Mylapore division of the town we searched one
lorning for an hour and a half without catching a single stegomyia adult or larva.
On entering a large two storey house belonging to a vakil, a few adults were suddenly
discovered and a close search revealed their breeding place in two flower pots in the
house garden (the only two pots which contained water). Neighbouring houses were
searched for more adults without success.

Again in the Pensioner Lines in Pursevakan, adults were taken in one quarter
only and in that compound was an iron pot containing water which swarmed with
fasciata larvee. '

As regards their well known habit of biting by day, the coolies in the Harbour
gheds told us that the worst time was from about 9 to 12 in the forenoon and that
after that they gave little trouble. We visited the sheds about 8-30 a.M. and §
minutes inside was about as much as we could stand.

In the Madras Club however I have myself ocoasionally been bitten by fasciata
between 7 and 10 r.M.

Several of the females caught deposited eggs in the laboratory. Some of these
eggs sank, other floated, others stuck fast to the blade of grass introduced to keep
the water sweet. The sunken eggs were compared under microscope with those that
floated but no difference (s6.g., damage to outer coat) could be deteoted. These
hatched out within five days.

I1. Stegomyia scutellaris has been found breeding in—

(1) Receptacles containing water, e.g., earthenware gurrahs and flower pots,
(2) Bamboo stumps,
and always close to trees.

They have not been taken in drains or wells or opea pools.

' Not a single adult has been caught inside a house or hut of any sort, even when
their larvee were within 6 feet of the door.

In gardens, both large and small, they are fairly common and here are easily
captured owing to the persistence with which they attack onc. In Pusa this species
was a houschold pest, and it is likely that though here they apparently keep closely
to gardens they venture into houses for blood. Still it is worthy of note in one
Paracheri where they were very numerous, the inmates made no complaint whatever
of mosquitoes biting them.

Of other mosquitoes found mention may be made of—

(1) Desvoidya, the larve of which were found together with faligans in &
surface well near the sea. Adults were taken in neighbouring houses.
(2) Scutomyia Sugens, whose larve were found in earthenware gurrahs
together with soutellaris.
(8) a genus of mosquito which appears to be a Heedomyia, but this requires
~confirmation.
Adults of these genus were taken in a wood in Nungambakam : its larves were

pot discovered. These three genera are closely related to stegomyia in scale
structure, and resemble it in their vicious habit of biting by day.
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Not enough has been done to allow of a definite plan of campaign being drawn Femedil
4P, but the following measures suggest themselves as being necessary in order to stamp
-out the stegomyia fasciata :—

(1) House-to-honse inspection by a trained staff ; and after due warning, the
fining of those in whose houses or compounds stegomiya larve are found.

(2) The regular flushing of drains.
{3 Closure of all wells where a tap supply is available, rooflug in other
8.
(4) The plastering of bamboo stumps (scutellaris being a possible carrier).

In closing, my sincere thanks are due to Dr. Macdonald for his kindness in
placing his Sanitary Inspectors at our disposal, a favour which greatly facilitated the
work
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A BRIEF REPORT OF THE STEGOMYIA SURVEY IN THE PRINCI-
PAL PORTS OF BURMA, "

By Major N. P, O'Gorman Lalor, M.B., D.P.H., 1.1.S.

The Stegomyia Survey of Rangoon town was commenced in January of this
_year. The preliminary report was published as Appendix VI to the Apnual
Report of the Provincial Malarial Committee, Burma, for the year ending 31st
March 1912 ; this report was furnished by Assistant Surgeon D. Ananda Rao.
In my remarks Eublished therewith, I pointed out that Stegomyia extinction in
Rangoon (and the same is true of other large ports) being one of house sanitation
was essentially a-municipal problem.

The services of Military Assistant Surgeon Mr. D. D. Stewart were made
available by the local Government for three months with effect from the 1oth of
September 1912 as my assistant in completing the work at Rangoon, and con-
ducting similar investigation at the ports of Akyab, Bassein and Moulmein.

As far as Rangoon is concerned certain prominent facts emerge from
investigation., These are as follows:—

(1) Stegomyia is abundant in the rains and is relatively scarce in the dry
season. The months February to May, inclusive, offer the most promising period-
for the success of general efforts directed towards Stegomyia destruction.

(2) In the dry season Stegomyia breeding places, scarce in East Rangoon,
are more abundant as one proceeds westward. In the wet season breeding
places are numerous all over the town including Kemmendine and Syriam.

(3) Rain water barrels, tubs, and old earthenware pots form the commonest
breeding places; fire buckets come next; if these sources alone be eliminated
Stegomyia breeding in Rangoon would, it is reasonable to estimate, be reduced
by three-fourths. Other places in which Stegomyia has been found to breed are
as follows :—washing tubs, water receptacles under the legs of meat-safes, cup-
boards and tables, water in flower vases, traps under disused laboratory basins,
black-smith’s cooling troughs, old kerosine tins, Pegu jars, and flushing tanks of
disused private latrines. : '

(4) In general the larvae of Stegomyia have been found capable of breeding
in stale water found in artificial containers of every kind, the essential condition
appearing to be the absence of larvivorous forms of aquatic life. They have
been found breeding in barrels side by side with culex larvae, but have not been
found to breed in unpaved drains, ponds, or other natural water collections,

(5) Of the breeding places mentioned—all domestic in character—some
exist necessarily; such are rain water barrels, tubs, fire-buckets, and small
receptacles under the legs of meat-safes, cup-boards and tables. Of the rémain-
ing receptacles some, as for example flower vases, are ornamental, and careless-
ness is responsible for the operation of the rest. Exceptional breeding sites,
" such as the traps of disused laboratory basins and the flushing tanks of disused
private latrines, are so rare as to be practically unimportant.

(6) In general, the more waste ground and the more vegetation exist within
house and factory premises, the greater appears to be the number of unnecessary
water receptacles in which Stegomyia breeds.

(7) It may be inferred that general measures especially adapted for
Stegomyia destruction will provide for () the abolition of all unnecessary water
receptacles, () treatment with effective larvicide of water in necessary receptacles
which are large, 7.e., rain water barrels and tubs, and () regular and frequent
change of water in necessary receptacles which are small, such as fire-buckets,
small receptacles under meat-safes, cup-boards and tables, and flower vases.
The preceding remarks apply also to Akyab where Stegomyia Fasciata has been
found breeding extensively in similar situations to those in which it has been
found breeding at Rangoon.
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Five mounted photographs exhibiting typical breeding places in Rangoon
wre circulated for inspection. Lantern shdes of these, and of the life history of
Stegomyia Fasciata have been prepared with further slides of explanatory text.
These are also’ circulated.

Life history and habits of Stegomyia Fasciata.—A small pamphlet regarding
the life history of Stegomyia with illustrations of the egg, larva, nymph, and adult
has recently been published by the Superintendent, Government Printing, Burma,.
and is available for general distribution. Dr, Stewart has observed in the course
of his survey at Akyab that the townspeople in many instances have their rain-
water tubs thoroughly cleaned, and water in flower vases changed, as they were
afraid of being prosecuted should larvae be found present. This experience
foreshadows the results that may be expected from effective legislation. Dr.
Stewart has observed that Stegomyia larvae are shy and timorous and that they
wriggle down to the bottom of the containing receptacle on the least disturbance;
even if shadow be projected on the water. He recalls in one instance that no
larvae were discovered on pouring out the water from a vase, while on pouring
the water back into the vase and shaking it, larvae were dislodged. Larvae will
often cling to the sides of a receptacle or hide in the ridges between the staves:
of a barrel. It is noteworthy that rain-water tubs which originally contained
coal-tar are not selected by Stegomyia for breeding purposes, though such
contained water possesses no larvicidal virtue.

Note.—The speed with which the larva of Stegomyia Fasciaia wriggles to the bottom
of the receptacle is in-marked coutrast to the slowness and difficulty with which it rises to-
the surface, and the amount of horizontal room it appears to require for the latter purpose;.
Experiments of a mechanical nature are projected td see if advantage can be taken of this
fact in their destruction.

Lakoratory experiment conducied with a view to the discovery of a cheap and
effective larvicide.— The condition it was sought to fulfil is the destruction’of all
Stegomyia larvae within a period of 5 minutes after the addition of larvicide.
This condition is imposed in practice by the heavy rainfall of Rangoon, which:at®
any time after the addition of larvicide to rain-water barrels and tubs might so’
dilute the larvicide as to render it ineffective. '

The larvicide devised by Colonel Gorgas, U.S.A., was first experimented
with, but the crude carbolic acid locally procurable was foand ineffective even
though the modified formula suggested by Dr. Bentley in the report of his
investigation into the causes of Malaria in Bombay was tried. -

The other larvicides tried were as follows :-—
Quick lime, 2 oz. per gallon of water.
Common alum; 1 in 2400.

'Permangé.néte of Potash, 1 in 2400.
Lysol, 1 in 1250.
Cyllin,.1 in 1250.

Coal-tar and turpentine equal parts, emu_l'siﬁ%d*' with ‘095~ grmms. of
Hudson’s extract of soap to each 2 c.c., 1 1n 2500.

Turpentine alone, 1 in 2500,

Dr. Bentley’s modification of the Gorgas formula, with Phenyle substituted’
for Carbolic Acid. :

Of:these the following alone were found to satisfy. the required condition :—
Cyllin 1 in 1250 (one teaspoonful to a gallon).

Coal-tar and turpentine equal parts, emulsified with ‘075 grms. of Hudson's
extract of soap to each 2 c.c.’ 1 in 2500 (one teaspoonful to 2 gallons).
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Gorgas formula with Phenyle substituted, 1 in 1250 (one teaspoonful to &

gallon).
. Species tried 1o
No. Larvicide. upon. Strength, Result.
31 | Rx. ¢, v 1
Cogl-tar 5 c.c.
Benzole 5 c.c. « | $Stegomyia 1in 100, f.6, 1| All practically killed in 2 minutes.
: larvae. in 2000 of coals{ Complete cessation of movement
Water go c.c. tar. in 4 minutes. Nymphae unaffected
at the end of 30 minutes.
Soft soap 0'7 grammes | J
32 Do. Do. - 1 1 in 200, 7., t { All practically killed in 4 minutes.
in 4000 of coal-} Complete cessation of movement
tar. in 7 minutes.

It is possible that amongst coal-tar products of the phenol group a more
effective larvicide may yet be discoverable, and further experiments will be con-
ducted to this end.

Final remarks.~—In addition to Stegomyia Fasciala, Stegomyia Scutellaris
and Desvoidea Obturbans have been found to breed in Rangoon, but far less
extensively than Stegomyia Fasciata. While no distinction has been observed
between Scutellaris and Fasciala as regards their choice of breeding places and
both have been found breeding together, Desvoides Obturbans has been found
especially to breed in water in the hollows of cut bamboo.

. The survey is at present in progress at Bassein and will be continued at
Moulmein, after which a full report will be submitted through the Sanitary Com-
missioner, Burma, and the Inspector-General of Civil Hospitals, Burma, to the
local Government,
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STEGOMY!IA FASCIATA.
Professor F. M. Howlett, Imperial Pathological Enfomologist.

The genus Stegomyia is characterised by the head and scutellum being entire-
ly clothed with flat scales. There are several genera nearly related to it.
Stegomyia fasciata is the only species definitely known to carry Yellow Fever,
but it is by no means impossible that other members of the genus might do so.
There are some half-a-dozen species not uncommon in India, S. scutel/aris being
particularly abundant. The adult Stegomyias are easily distinguished by the
pattern of the light bands or spots on the back. S. scutellaris has a single white
stripe, S. fasciata four light stripes of which the outer pair are curved.

S. fasciata seems to be very rarely if ever found away from human habita-
tions, and appears to be common in most if not all of the larger coast-towns of
India. It does not as a general rule breed in very dirty water, and selects such
places as (wells ?) cisterns, barrels, jars and earthen vessels, flower-pots, fire-
buckets, cans, sardine tins and the like, though it is sometimes found in the dirty
water of open drains.

The plan adopted to check Stegomyia at Pusa has been to eradicate as far
as possible all natural and accidental breeding-places, but at the same-time to
supply artificial breeding-places (cut joints of bamboo filled with water) which
can be emptied out every few days, and so controlled.

Individuals bred in captivity at Pusg have given the following periods as the
average for the different stages. Pairing takes place about twelve hours after the
female has emerged from the pupa, and is followed by a meal of blood. Frome
two to four days later the female lays about fifty eggs, which begin to hatch after
48 hours, though some of them may not hatch until several days later. The
length of the larval period varies considerably according to the suitability of the
conditions, the shortest time observed between the hatching of the eggs and the
pupation of the larvee being five days and the longest twenty-two; a week may
be taken as a likely average. The pupal stage lasts from two to three days, and
~ the adult mosquito then emerges. The larva may be distinguished from all
other Stegomyia larve which occur at Pusa by the presence on the thorax of
four conspicuous chitinous hooks, which’can be seen with a hand-lens;
These hooks are not present in the very young larva. The egg and pupa are
of the usual Stegomyia type. The adult rarely if ever bites after dark, but is
particularly bold and troublesome by day.

In the case of all those Stegomyias which occur naturally at Pusa (these do
not include S. fasciara) eggs laid in the cold weather do not hatch until the
following rains, lying in earth and dried mud throughout the whole of the dry
season. In those places which have a well-marked cold or dry season, the same
thing will in all probability be found to happen in the case of S. fasciata, as its
eggs are known to retain their vitality for weeks or months in a dry condition. In
places with an equable warm moist climate they may very possibly breed all the
year round.
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A PAPER ON THE XETIOLOGICAL RELATIONSHIPS OF SEVEN-
' DAY FEVER.--A SUGGESTION.

(Read by Major N. P. O'Gorman Lalor, M.B., D.P.H., I.M.S., before the Burma
Dranch British Medical Association at Rangoon, on September 10th, 1913.)

Amended for publication in proceedings.

In the course of the Stegomyta survey of Rangoon, I have been struck with
the fact that seven-day fever appears to be localised in its distribution, ina manner
which suggests its association with the local prevalence of Stegomyia fasciata.

Captain Megaw, I.M.S,, in an able thesis—suggested that seven-day fever
was really identical with dengue, but there is now, I believe, a consensus_of
opinion—shared by Major Rogers, the distinguished author of the work ‘‘ Fevers
in the tropics "—that this view is incorrect. We know the part played by
Stegomyia fasciata in conveying yellow fever from man to man, but otherwise we
krow very little of its disease-carrying capabilities. There may very possibly be
a group of diseases possessing certain features in common, which we might term
' Stegomyia diseases’ ; and the reason why we have not hitherto discovered more
about these may lie in the peculiarly short duration of the period during which
the infective agent in the blood of man, is viable as regards the mosquito. Such
a short duration we know to be characteristic of the materies morbi of yellow fever.
If seven-day fever be also a Stegomyia disease, there is room for supposing that
the connection has been hitherto difficult to trace on account of two factors: (1)
the frequency with which patients fail to seek medical treatment, and come under
expert observation—during the first three days of the disease, and (2) the
possibility that the materies morbi in s'e‘ve'n-dafv fever may-—if the relative
mildness” of that disease is any criterion—be viable as regards the mosquito, for
a period even shorter from the commencement of the disease, than that which
obtains in yellow fever.

In this age of medical discovery what we require is not theory, but fact and
proof. Nevertheless as one of our most tried ang valued methods of arriving at
the truth, we frequently have recourse to the process of exclusion. Before doin

80 it is necessary for us to clear the ground only to the extent of showing (1

that there is no inherent improbability in our suppositions,®and (2) that there is
between the disease, with the ztiology of which we are acquainted, and that, the
tiology of which we are investigating, a certain analogy as regards the climatic
and local peculiarities of their distribution, their seasonal occurrence and their
connection with the local prevalence of a definite infective agency. Should our
theory fail of demonstration, we still have the satisfaction of reflecting that we have
been instrumental in clearing the ground for subsequent workers in the same field.

This must be my apology for the views put forward in this paper. Should
they eventually prove true—and I shall presently indicate the steps necessary to
their proof or disproof—we are at once provided with a most valuable weather gauge
in India and Burma, for estimating the risk of dissemination of imported yellow
fever—a risk upon which the expected opening of the Panama Canal has focussed
attention. We should be able, as long as seven-day fever persists in the great
sea-port towns, and especially at times of seven-day fever prevalence, to assert
a definite risk of the dissemination of imported yellow fever, and the suggestion
if its grounds be true, possesses sufficient intrinsic importance to justify its author
in laying stress upon it.

I have now to justify my position by instituting some comparison between
seven-day fever and yellow fever, and I think gentlemen, you will admit when
I have done so, that there is reason for regarding seven-day fever as closer in
its eetiological relationship to yellow fever than to dengue. It will then remain for
me to suggest the lines upon which investigation should proceed.
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Points of comparison.

Seven-day Fever.

Yellow Fever.

1. Geographical distribu-

tion of the endemic
disease.

2. Usual seasonal incis
dence.

3. Incubation period ...
4 Onset ..,

5. Symptoms and physi-
eal signs,

Indian sea-port towns :—
(Calcutta, Rangoon, Madras and
Bombay).

May to Septemnber.
susceptitle.

Not known ...

Europeans most

Usually sudden
1. Face usually flushed ...

2. Palpebral conjunctiva a vivid red
coloration.

3. Pulse presents constant and charac-
teristic slowness in proportion to
the temperature,

4. Abdomen often distended and the
seat of pain.

5. Sickness in 25 per cent. of cases and
nausea in 18 per cent, more.

6. Skin : a mottled rash in 7 per cent.,
sometimes morhilliform.

7. Temperature high evening of rst
day ; gradually declines to 3rd
morning ; too® F., 3rd and 4th
days ; secondary rise 5th and 6th
days.

Tropical and sub-tropical zones,
especially hot and damp sea-port
towns.

The hot weather,
susceptible,

Buropeans most

Three to five days.
Usually sudden.
1. Red and swollen face,

2. Injected conjunctivae.

3. Pulse full and strong but soon bee
comes disproportionately slow,

4. Oppression and pain in epigastrium.
5. Vomiting.

6. Skin: Erythematous; may be
morbilliform, necks, chest and abde. °
men,

7, Temperature maximum 24 to 36
hours, Third day temperature
and pulse fall, headache abates.
Convalescence : or gastric symp-
toms return and increase., Temper-
ature again rises, and black vomit
may set in (5th or 6th day).

ATIOLOGICAL EXPERIMENTS SUGGESTED REGARDING SEVEN-DAY

FEVER.

1. Stegomyia fed on seven-day fever patients, during each day of the féver
commencing from that of onset, might be conveyed to a centre in Burma where
neither dangue nor seven-day fever are prevalent and fed after an interval varying
from 7~-14 days, on the blood of volunteer subjects=~to see if the latter get the
same fever subsequently.

2. Such volunteer subjects might be kept under observation, and the incuba-
tion period, symptoms, and duration of any subsequent fever would be noted.
(They would of course be examined beforehand, to exclude malarial infection.)

3. Experiments might be conducted in two series, the first to establish car-

riage of infection by sfegomyiz fed on the original patient during a definite period
after onset of the fever, the second to establish the non-carriage of infection by
stegomyie fed subsequently.

4. If the experiments are analogous in their results to those which were
made in the case of yellow fever, seven-day fever would be found not to be trans-
ferred by the infected sfegomyia, till after the lapse of a definite period in days
from that on which it was fed on the original patient. '

5. *1cc of serum taken from a seven.day fever patient, during a definite and
short period from the onset of his illness, might produce the same feverin a
healthy person if injected under the skin.

6. Such serum after exposure to the air at 2 temperature of 24 to 3oc. might
be inert at the end of 48 hours. The same result might follow exposure of the
serum to a temperature of 55c. for five minutes.

7. A general enquiry might be instituted at seven-day fever centres, with the
object of mapping out the affected areas with as great an approach to accuracy
as possible and comparing these areas with the areas-=coincidently mapped out
at these centres~-of sfegomysa breeding and prevalence.
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THE BREEDING-PLACES OF PHLEBOTOMUS.

Professor F. M. Howlett, Imperial Pathological Entomologist.

The investigation of the natural breeding-places of sand-flies is by no means
easy, owing to the minute size of the larvae and the fact that their colour har-
monises with that of damp earth. Repeated attempts have been made at Pusa to
discover whether the breeding-places were restricted to one particular type of
locality on which it might be possible to concentrate the application of remedial
measures, Our experience indicates that no such definite assertions can be made
in a district where the climatic conditions are such as obtain at Pusa, although
it is probable that breeding-places may be found to be far more narrowly res-
tricted in such areas as the Punjab, where temperatures are higher and humidity
low, since a certain degree of moisture in the soil is essential to the welfare of
the larve ; they are never found in really dry earth, and are killed by a compara-
tively short exposure to the dry air of the hot weather. In very dry areas we
should thus expect to find them only in those places where there was a reason-
able amount of moisture, and the difficulty of finding them would thus be con-
siderably lessened.

Although the number of larve found has been small, it is sufficient to show
that in Pusa the necessary conditions are :—~

(1) a moderate degree of moisture, roughly equivalent to that of good
garden mould in England ;

(2) protection from light;

(3) the presence of nitrogenous refuse; particularly the debris of dead

' insects, decayed fungi, and perhaps insect and other excreta. An
excess of nitrogenous matter, however, appears to be distasteful and
unsuitable. No larvee have been hitherto found in-latrines al-
though search has been made on several occasions ;

(4) the presence of brick, stones, tiles, or cement has been associated with
all but one of the breeding-places seen hitherto; this is probably
due to the fact that these substances are comparatively cool and
often have condensed moisture on the surface, while they also act
as a protection from the light. Grassi has found larvae in cellars
and damp places where there were bricks, and Marett in Malta
only found them in caves and in the crevices of stone walls, while
it has been suggested that they feed exclusively on the excreta of
wood-lice. All these observations fitin with the conditions outlined
above. The brick-work of wells is indicated as a promising locality
in dry districts, though no results therefrom have yet been got at
Pusa,

Two other pcints are worth noting. One is the very frequent association
of sand-flies with the common wall-lizards ; the flies bite the lizards readily,
- particularly the young and tenderer individuals, and are often to be seen sitting
on or near a lizard ; the latter seem to suffer no annoyance from the bite, It is
very possible that the cracks and crannies in the wall in which lizards reside
during the day are sometimes used by Phlebofomus as breeding-places, and the
excreta of the lizard, consisting as it does of the remains of digested insects,
might provide suitable food for the larvee, though these have not yet been found
in lizards' haunts. The other point is the possible utilisation as breeding-places
of the nests of termites. I have twice observed adult Phlebofomus in some
numbers in the surface-galleries of these nests, but have had no opportunity
as yet of pursuing the matter further, as nest-building termites do not occur in
the Pusa district. Mr. Fletcher writes that he has observed the same thing
while working at termites in Madras, and since the nests would provide just the
right conditions as regards moisture, darkness, the presence of nitrogenous refuse,
and even the brick-like walls of the galleries, this line of investigation seems a
promising one.

356
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The following are the localities from which larva or pupz have been obtain-
at Pusa :—

1. The nearly dried mud of cement channel leading from a well-reservoir.
One larva. August.

9.. A small heap of kitchen-refuse near the base of a wall.. Omne larva.
August.

3. the damp earth between the bricks forming a small platform for a plant
of the sacred Zulsé, in the courtyard of a house, The bricks were:
more or less covered with an algal growth, and among them were:
found ants, with larvae and nymphs, wood-lice larvee of Mycetophi-
lide, mites and a few nematode worms, together with the remains:
of numbers of dead insects of various sorts, on which the larvae
were feeding. Four larve and seven empty pupa-cases. October.

4 Among the bricks and tiles in a small heap of earth and rubbish.
The conditions were similar to those in the locality just mene
tioned, the larvae feeding on fragments of dead insects. The
heap was about a foot high, on a piece of waste land some thirty
yards from a block of houses. Five larve, three pupe, and twenty-
three empty pupa-cases. The pupze were nearly all on the edges
of tiles and bricks ; they can be recognised by the fact that they
stand upright, anchored to the support by the larval skin which
remains encasing the tail-end, . The larvee (2—3mm. long) can be
recognised by the two or four very long stout bristles at the tail.

5. The damp algal muddy leafy stuff taken from- the earthy sides of an
open; reservoir where water from several gutters accumulates: the
gutters, which are of cement, lead from houses and the water
contained nitrogenous matter. Séx adults emerged. May.
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sALA AZAR, ITS DISTRIBUTION aND THE PROBABLE MODES
' OF INFECTION,

Z?y Lieutenant-Colone! C.}Donow’n, B.A. M.D., B.C.H., B.A.O;, (R.U.i.), F.L;.S‘a,
F.E.S., 1.M.S., Surgeon, 4tk District, Madras.

In this paper I shall give a brief account of the geographical distri-
‘bution ‘of this disease to show the nature of the 'localities in which it is endemic.
Its occurrence in such places may help to throw 'a side-light on some of the
faetors needed towards the discovery of the infective agent. 1 shall then instance
‘the different insécts that have been suspected as transporters of the ailment and
the possibility of infection by means of or through the mucous membrane of the
intestinal tract. ’

Geographical distribution.—sOutside India, we have records of the preva-
lence of the disease in China, in the Yangtse Valley and in the Soudan, in locali-
ties on the Blue Nile bordering the western boundary of the Abyssinian plateau.

The disease as found along the littoral of the Mediterranean we may at
present exclude and relegate to another form of Leishmaniasis, as this affects
‘mainly, if not exclusively, children and apparently is closely connected with the
“canine form of the disease. It is true cases of Mediterranean Kala Azar have
‘baen found in adults in Greece and a few in the south of Ttaly, but our know-
ledge of the European type is still in a very unsettled state as far as some
aspects of the disease are concerned.

To come to the occurrence of kala azar in India; the part which is of
special interest to ys out here ; it is found endemic in the damp, low-lying districts
near the deltas of the Ganges and Brahmaputra ; for instance, at Purneah, Dinaj-
.pur, Rangpur, Burdwan district, Jessore, in and about Calcutta, Garo Hills and
‘up ‘the valley of the latter river in Assam. ’

To make a short digression, the disease in Assam is said to take on an
epidemic charagter, a feature unusual to this affection as noticed elsewhere, 1
strongly suspect that the epidemics in question were of malarial origin and not
‘due to Kala Azar.

I am doubtful if Orissa is affected, but would suspect the low-lying areas of
the deltas of the Brahmani and Mahanadi rivers, especially near Cuttack, to be
suitable localities, An interesting question to ask some of the delegates present
would be, if the coolies working in the Assam Tea-gardens were Ooriyas, and, "if
s0, could the infection have been carried by them to Assam? To . support this
_supposition we must first have evidence that kala azar exists in Orissa. Caseés
occurring in other parts of the north of India are apparently not indigenous.
Dr. Row’s case of kala azar from Baroda is an exceptional instance, perhaps
‘others may be discovered there when more searching inquiries are made.

As far as this Presidency is concerned the disease is endemic in Madras
'City, especially in.the northern congested -part, i.e., Georgetown and Royapu-
ram ; to the west we have smaller foci in Choolai, Vepery and Pursewalkum, and
to the east a very small focus in Triplicane.

Recently a single case has been discovered in the family of a servant
‘employed by a European residing in Nungumbakam, the residential part of
‘Madras for Europeans. [ shall further on enter more into details of this inter-
‘esting occurrence. ’

_ In the mofussil, three cases have been traced-to Madura and a couple to
Negapatam and -Cuddalore.

Thus all the places where this disease is éndemic‘are low-lying, damp-and near
frivers/; places very suitable for malaria and here malaria and kala azar co-exist,
~ Probable modes of infection, -—_-;_I‘he‘fse ‘may be ‘divided irito two :—(1) By
means of insects, etc., absorption of {he infection by the cutaneous lymphatics
and (2) by oral ingestion, infection through the mucous membrane of the intedti-
nal tract. .

13858C
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(1) By nsects—(a) Bed bugs.—~Captain Patton has brought very strong evi-
dence to bear on the transmission of the disease by bed bugs ; yet there are several
points still wanting to satisfy us in accepting the fact in its entirety. The disease
1s very local and bed bugs everywhere. Captain Patton has attempted to explain
this anomaly by the fact that a few bugs may take a single meal only of blood,
the majority satisfying their appetites more often and not being condemned, for
some unaccountable reason, to an unnecessary. fast; and that it isin these
exceptional cases of single feeds that the Leishmaniz fourish and flagellate.
There may be something in this deduction, but further proofs are required. Cap-
tain Patton has done a considerable amount of work in connection with bugs and
can speak with authority, yet we need an independent confirmation of his findings.
I have myself worked on a very small scale but met with no success. I have not
had an opportunity of trying experiments with the single feeding of bugs; cases
of kala azar with numerous Leishmanize in the peripheral blood are of rare
occurrence, Subsequent to Captain Patton’s arnouncement of success with single
feeds, he has, I understand, fed bugs on a kala azar patient with nearly a thou-
sand Leishmanie in a blood film. Large numbers of these insects were fed on this
most exceptionally suitable case, the results, I am credibly informed, were
negative. Of course, conditions favourable on the first occasion might have been
inimical on this the second attempt, for the flagellation of the parasites ; for
instance, there may not have been a sufficiently large number of Leishmaniz in
the endothelial cells. Doubtless Captain Patton will enlighten us on this, his
most recent endeavour at bringing about pullulation of Leishmanio Donovani in
the bed bugs.

(6) Conorrkinus.—~I1t is known that I have suspected another member of
the bug family to be a transmitter of the disease, ¢.e., Conorrhinus rubrofasciatus ;
an impression has arisen among workers not well versed in the practical experi-
mentations on the subject of Leishmaiases, that I was certain of the transmitting
powers of this insect; for instance, here is an extract from a recent number of
the kala azar Bulletin: “ this finally proves that this bug has nothing whatever
to do with the transmission of kala azar.,”” © This assertion was based, I presume,
on Captain Patton’s experiments with this bug.

I do not wish to push the claims of this insect to an unnecessary extent, but
it must be admitted that the animal has not bad an equal chance, or if I may be
permitted to use racing parlance, ‘“a fair field ” with the bed bugs. So far I
have not succeeded in obtaining any pullulation of Leishmania Donovani in the
gut of these Hemiptera, but what makes me still adhere to experiments with
them, is the fact that they suck human blood under natural conditions and that
another species of the same genus in Brazil is the transmitter of a human tryp-
anosomiasis. The popular belief that this bug feeds on the bed bugs is of curious
interest,” and a simiar belief is held in Europe with regard to its congener,
Reduvius personatus. Could these Reduvilid bugs procure the blood second
hand, z.e., by sucking the bed bug and not directly from maa himself? [ am not
certain of the distribution of Reduvius in Europe, but [ am under the impression
- that it is found along the Mediterranean coast and may have some connection
with infantile kala azar. This is a mere surmise, but work in these regions on
the life history of these bugs may prove of great interest.

(¢) Mosquitoes—Very little experimentation has been done with these
Diptera. In Europe, Anopheles claviger (maculipennis), has been indicated on
very slender grounds however. Captain Patton has carried out a few observations
on these insects but with negative results. It must not be forgotten that some
Culicids harbour flagellates and these may very readily be confused, by an
inexperienced observer, for Leishmanize. A fact to be noted is, that the localities
where kala azar is endemic, there too malaria prevails j to give a few instances;
in Assam, in lower Bengal and in our city in Georgetown.

A very interesting case bearing on this association of malaria and kala
azar is one I have recently come across in the compound of a European in
Nungumbakam. A daughter of one of the servants, aged about i3 years, who
is said to have been born and to have lived all her life within the precincts of the
compound, never having left it for a single day. During the last three months
+ha father and the three daughters have suffered from fever, Their blood was

~
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examined and it was found that the father and the two younger danghters had
malaria of the benign tertian type; while the eldest who had lived and shared
the same room as the others was suffering from kala azar, no malarial parasites
were found in her blood. As I mentioned before, Nungumbakam isa very
healthy locality where a number of Wwell-to-do Europeans reside, no malaria or
kala azar has been introduced here before. This is an individual case and an
exception to what usually occurs, kala azar being more prevalent in congested
quarters inhabited by natives of the country. It may be mentioned incidentally,
that Conorrhini, both adults and nymphs, are very common in this compound.

(d) House fly.—The ubiquitous house fly of India, very similar to that of
Europe but singled out for specific distinction as Musca nebulo, has been in-
criminated as acting asa transmitter not by biting, as it possesses no such
apparatus, but by transferring by its mouth or excreta the materies morki on to
foodstuffs or on a breach of surface. This fly has a Herpetomonas of its own
and a very distinctive one, in several ways differing from Leishmania. I would
place the  Herpetomonas of the fly in a different genus, and consider it has n
bearing whatsoever with the Leishmania of man. ’

(6) Lice and Ticks.—The head and body lice have undergone a trial at
Captain Patton’s hands and proved ineffectual as transmitters. Similarly a large
tick, Ornithodorus savignii, has been put through a like ordeal of sucking the
blood of kala azar patients with no positive results.

(F) Fleas and Dogs—~In Europe, especially with regard to infantile kala
azar, the dog has been found to harbour Leishmania and a fairly presumptive
case has been made out as to the part this animal plays as an intermediary host,
the dog flea being the actual transmitter. . But the evidence adduced so far is
not in all respects convincing. The occurrence of a natural flagellate of the
flea has evidently not been taken into sufficient account.

As far as the kala azar of India is concerned, the dogs examined out here
have not afforded any evidence of harbouring Leishmania.

I have carefully searched in the spleen and liver of over a thousand dogs
of this city which were destroyed in the lethal chamber in 1910, but was unable
to find any signs of the parasite.  Captain Patton has recently carried out
similar examinations on a still larger number, the results of which 1 am not
acquainted with, but I presume they will be confirmatory of my findings.

I have also injected the blood taken from the spleen of kala azar cases
into two pups, and after an interval of about three weeks could detect no signs
of Leishmania in their spleen and liver.

Very recently, on the 3rd July 1912, I injected into the liver of a pup,
called “Gamma” aged 4 months, 3ic.c. of splenic blood (in 4c.c. of citrate
of sodium solution) taken by splenic puncture of a kala azar patient
in a moribund condition. The time between taking the blood from the
spleen and injecting it into the liver of the pup was half a minute. The dog
howled a good deal and vomited all its stomach contents. The patient was
punctured at 6 p.m. and died at 10-30 p.m. the same night. The dog became
thinner and more sluggish in its movements. On the 22nd of September 1912,
the liver of this pup was punctured but no Leishmania found ; the liver was
reached as there were numerous hepatic cells in the smear. On the 6th October
1912, the dog was chloroformed and the anasthetic pushed sufficiently to kil it.
Smears were taken from the bone marrow of the ribs and these contaned large
number of Leishmaniz in the endothelial cells. Smears on the other hand,
from the liver and spleen had no parasites whatsoever. All the viscera of the
animal were in a healthy condition, no enlargement of the liver, and the spleen was
especially small and hard, This is the first time in Indiain which a dog has been
successfully infected by a massive injection of splenic blood taken from a kala
azar patient. A valuable lesson is to be learnt from this recent discovery. The
bone marrow was not examined of the two dogs I previously injected, and in only
a very small number of the 1,000 stray dogs killed in the lethalchamber in 1910,
May it not be that dogs remain healthy and show no manifestation of disease as
long as the Leishmania are, so to speak, imprisoned in the endothelial cells of
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the red bone marrow, but as 3oon #s the pdrasites are shed and enter the, general
circulation that signs of disease arise and the Leishmani2 are found in the spleen
and liver? Further examination of the bone marrow of the dogs of Madras Uity
1s necessary before drawing definite conclusions. '

(i3) By oral infection. —Having discussed the different kinds, of _insects
that have been suspected of bringing about infection and spread of the disease,
either by biting and so injecting or depositing the infective material on the skin,
absorption by these means taking place by cutaneous lymphatics. 1 shall now
turn to another channel by which infection may be possible, that is by the mouth,
Leishmaniz being ingested by food contaminated by excreta or other sub-
stances containing the encysted forms of this flagellate.

, In a fairly large proportion of cases of kala azar, the disease begins‘ with
symptoms of intestinal involvement, simulating very closely cases of typhoid
fever ; the typical pyrexial course, the looseness of bowels and the gradual descent
of the fever by lysis on about the twentieth or thirtieth day, presents a picture very
like enteric.

After a period of apyrexia for a month or more, the temperature rises again,
disillusionment of the diagnosis follows and kala azar is made manifest. Then
again in the course of all cases of the disease, there are periods of diarrhcea
and dysentery, In fatal cases evidence of ulceration of the large intestines is
marked and Leishmaniz are found in scrapings from thesc ulcers ; involvement
of the intestinal tract lends a certain amount of probability for suspecting a
primal attack of the parasites on the mucosa of the alimentary system. It is true
'fio Leishmaniz have beenfound in the feces of kala azar patiénts'; ankylostomes
and Trichomonads are frequent in such evacuations, could these organisms
harbour ahd carry the Leishmanizz and thereby bring about infection of the
intestinal mucosa? Ankylostomes have been examined by Major Christophers,
but he could find no trace of Leishmania Donovani in them. Trichomonads are
very commonly found in infusions of earth, for instance, the earth cortaining intes-
tines of white-ants are packed with these flagellates, and again saw-dust used in
‘Madras for storing ice, on occasions affords a good supply of these protozoa.
Could Leishmania be a commensal in the cytoplasm of Trichomonas ? Flagel-
lates are everywhere, even in the juice of plants, we ‘have an instance in the
common euphorbiaceous weed, Euphorbia = pilulifera, in whose milky latex
numerous herpetomonads are found.

So we see that the sources of infection are not limited to biting insects, and.

we ought to be chary in accepting any one channel of transmission without
much further research,
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Is Kala Azar in Madras of Animal origin?
By Captain W. 8. Parron, LM.8,

Inoculation of animals with the pathogenic germs which cause human diseases
has always played an important part in the elucidation of the etiology of such diseases,
and we accordingly find that much work has been carried out in this direction in the
case of Kala Azar. In this disease such experimental work is of the first importance,
for owing to its fatal nature transmission experiments on man eannot be carried out.
An additional reason for the further study of the disease in animals is due to the
fact that the dog, and the cat, may. naturally be infected with one of the parasites of
Kala Asar.

Assuming that Kala Azar is an insect-borne disease, it is very necessary to
ascertain whether the dog is the natural reservoir of the parasite in the endemic
areas, for if this proves to be the case, we have in our power an important means of
eradicating a disease, for which, as yet there is no cure. It will be quite uuneces-
sary for me to review all the animal experimental work on Kala Azar, which was
begun by Mackie in 1907 in India, and since followed up by Nicolle and numerous
other observers in all parts of the globe.

It is now well known that Kala Azar along the Mediterranean littoral is a
common disease of dogs and perhaps cats and it is generally believed that the human
form is of canine origin. There are two obvious methods of discovering whether
the dog is the natural reservoir, one by inoculating this animal with the parasite, and
the other by examining post mortem all stray dogs destroyed in cities where Kala
Azaris endemic. The following experiments and observations were therefore carried
out to ascertain once and for all whether Kala Azar in Madras is of animal origin.

On May 14th, 1912, I obtained a spleen from a case of Kala Azar about three
hours after death, 1t was brought up to the Institute as soon as possible, and a large
quantity of the pulp was teased up in saline solution, and then ground up ina
mortar under as near as possible sterile conditions. The following animals were-
inoculated :—

Monkey 1.—Three cc. intra-peritoneally and two co intra-hepatically.
Monkey 2.—Four cc. intra-peritoneally.
Monkey 3.—Four co. intra-peritoneally.

e s i,

Dog 1.—Four co. intra-peritoneally.
Dog 2.—Four cc. intra-peritoneally.
Dog 8.—Four ce. intra-peritoreally.
Dog 4.—One cc. intra-peritoneally, and one cc intra-hepatically.

Jackal 1.—Four ce. intra-peritoneally.
Jackal 2.—Four cc. intra-peritoneally, and two co intra-hepatically.

Guinea pig 1.—Oue co. intra-peritoneally.
Guinen pig 2.—One cc. intra=peritoneally.

— ——

Rabbst 1.~—One co. intra-peritoneally.
Rablst 2.—One ce. intra peritoneslly.
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Cat 1.—One cc, intra-peritoneally.
Cat 2.—0One ce. intra-peritoneally.

e ——

White rat 1.—One ce. intra-peritoneally.

White rat 2.—Three oc. intra-peritoneally.
White rat 3.—Three co. intra-peritoneally.
White rat 4.—Three cc. intra-peritoneally.

Goat, young.— Four cc. intra-peritoneally.

Pig, young. —Seven ce. intra-peritoneally.

Oalf.—Nine cc. intra-peritoneally.

s pe—

On May 29th another spleen was obtained, and the above animals were re-inoculated as
follows, with a splenic emulsion prepared as before :—

Monlkey 1.—Three cc. intra-peritoneally.
Monkey 2.—Three ce. intra-peritoneally.
Monkey 8.—Three ce. intra-peritoneally.

—

Dog 1.—Four ce. intra-peritoneally.

Dsg 2.— T'wo cc. intra-peritoneally.

Dog 3.—Two and a half co. intra-peritoneally.
Dog 4,—One cc. intra-peritonealily.

Jackal 1.—Four ce. intra-periton eally.
Jackal 2,—Four co. intra-peritoneally.

Guinea pig 1.—Two cc. intra-peritoneally.
Guinea pig 2.—Two cc. intra-peritoneally.

e i

Rabbit 1.—Not re-inoculated. :
~ Rabbit 2,—Three and a half ce. intra-peritoneally.
Rabbit 3.—Four oc. intra-peritoneally (first inoculation).

Cat 1.—Two cc. intra-peritoneally.
Cat 2.—Two ce. intra-peritoneally.

—— i s——

White rat 1,.—Two and a half cc. intra-pe ritoneally.
White rat 2.~—Omne co. intra-peritoneally.
White rat 3.—One ce. intra-peritoneally.
White rat 4.—One co. intra-peritoneally.

Goat.— Six cc. intra«peritoneally.
Pig.—Seven ce. intra-peritoneally.

Calf —Nine cc. intra-peritoneally.

In each series before inoculating the animals, a film of the emulsion was
examined microscopically, and the first one was found to be swarming with parasites,
8o much so that it was impossible to count the number in a single film. The second
emulsion was not so rich in parasites, there being about 100 to a field. All the
animals used were Youne, and the monkey was the common Macacus sinicus.
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Por about fourteen daysafter the monkeys were inoculated no change was noted,
except that they had slight fever.. Later they began to show sign of emaciation, which
was very evident in their hind legs, for when made to walk they had a tendency to
fall ; the wasting rapidly progressed. On Jure 2nd, Monkey 1, was extremely
weak, and could not stand on its legs. It lingered in this condition till July 5th
when it died. An autopsy was immediately carried out. Its body was greatly
emaciated all the skeletal muscles being markedly atrophied. The peritonenm
appeared normal, and there were no evidences of inflammatory changes. The liver
was slightly enlarged, but it did not have the characteristic mottled appearance always
seen in human Kala Azar. The spleen was hard and sbrunken, and weighed 2-5
gms.—a healthy spleen weighs from 3 to 5 gms. depending on the size of the
animal--the kidneys were enlarged and pale on section, but the capsules were not
adherent. There were no ulcers in any part of the intestinal tract, but there were
one or- two patches of congestion. The bone marrow was dark red, and appeared
much more fluid than in the healthy condition. All the other organs including the
brain appeared normal. Smears were made from the spleen, liver, and bone marrow,
and on staining them and examining them extremely few parasites were found in’
the spleen, and fewer still in the liver and bone marrow.

Monkey 2 died late on the evening of July 14th, its body was placed in ice and
examined next morning. It was emaciated to about the same extent as monkey 1.
The spleen weighed 4'6 gms. and though only slightly enlarged was macroseopically
typical of the disease ; smears showed large numbers of the characteristic parasites,
free as well as lying in large endothelial cells. The liver was inuch enlarged
weighing 52-6 gms., and the mottled appearance was well seen. The smears from
this organ contained many parasites. The bone marrow was red, and fluid, and in
swear made from it, large numbers of parasites were seen. The intestinal tract was
to all appearances normal except for a small patch of congestion in the jejunum.
This' monkey had diarrheea a few days before death. The kidneys appeared swollen
and pale, but no parasites were seen in smears made from them. There was nothing
else to note in the case of the other organs.

 Monkey 3 was chloroformed on July 16th, and an antopsy immediately carried
oit. It was also much emaciated, and could not have lived many days longer.
‘The spleen was slightly enlarged, weighing 3-6 gms., and was typical of Kala Azar ;
smears showed many parasites. The liver was also enlarged, weighing 50-8 gms.,
‘the surface was mottled, but smears only showed a few parasites. The kidneys were
gimilar to those of monkey 2. The bone marrow was red and fluid, and contained a
large number of parasites. -

Dog 1. died on September Tth, and an autopsy was made shortly after death.
The body was considerably wasted. Spleen weighed 108 gms., was slightly
enlarged, and smears showed many parasites. The liver weighed 116 gms. was
enlarged, and smears contained many parasites ; the bone marrow was red and fluid,
and contained numbers of parasites. ~ All the lymphatie glands were slightly enlarged
and smears made from them contained many parasites.

“ Dog II1. died on September 26th, and a post moriem was carried out a few

minutes after death. The body was much emaciated, the spleen was enlarged and
weighed 17-5 gms, ; the liver was also enlarged and weighed 140 gms. Both these
organs however did not have the characteristic appearance of Kala Azar. The bone
‘marrow was very red and fluid. Smears made from the spleen, liver, and bone
marrow showed many parasites, particularly the marrow. It is interesting to note that
this dog contracted Piroplasma ¢anis a few days before it died, and in blood films of
its peripheral bldod taken a short time before death showed in addition to Piroplasma
cants & number of Kala Azar perasites in the polymorphonuclear leucocytes. This
experiment recalls some of those carried out by Basile but here we have a definite
infection with Piroplasma canis complicating Kala Azar. I have already called
attention to the possibiiity of this having taken place in Basile’s experiments.
Further it is important to note that in the films made from the organs of this dog,
particularly the bone marrow and spleen it was very difficult to distingui- . tween
‘phagocytosed forms of Piroplasma canis and those of Herpetomonus donoani. This
dog had been four months in the experimental room, and every precaution had heen
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taken to exclude ticks, but it is quite evident that the precautions were not sufficient
to prevent their aceess to the dogs. Those who have carried out experiments with
Piroplasma canis in countries where ticks are numerons, and where almost every dog
has had piroplasmosis will understand how even . the most rigid precautions
sometimes fail.

Jackal 1.—It was noticed that this animal was much emaciated, and had almost
lost the power of its hind legs. It was decided to destroy it, and carry out a posi-
mortem, and this was done on July 31st. Beyond the emaciation there was nothing
particular to note in any of the organs, the spleen if anything was smaller than is
“usual ; the bone marrow was not much altered. Smears were made from all the
organs and after an exhaustive search not a single parasite was found. The general
condition of the animal certainly recalled Kala-Azar, but it is necessary to point out
that another young jackal which was kept as a control, and which never had been
inoculated died in much the same condition. I am well aware that several author-
ities go so far as to state that Kala-Azar may be 8o mild in some animals, that in
order to prove the existence of the discase when the parasite eannot be found in
‘smears it is important to make cultures from the organs. The control jackal, however;.
does away with any such objection, and 1 have no hesitation in saying that the
animal did not die from unrecognised Kala-Azar.

White rat 4, as already recorded, died two hours after receiving the second
inoculation on ’\z[ay 29th. Numerous parasntes were found in its liver and spleen.

White rat 2 died on September 7Tth. No parasites or other indications of Kala.
Azar was found on post-mortem examination.

In addition to the above experiments, the following were also carried out :—

Monkey 4 was inoculated subcutaneously on July 15th in the left flank with a
drop of bone marrow taken post-mortem from monkey 2 (see above). This animal
is still alive, and there is no lesion at the point of inoculation.

Monkey 5 was inooulated intra-peritoneally with 4ce. of heart blood of monkey
3 taken posi-morfem on July 16th. This animal gradually emaciated, and frequently
had rises of temperature which never exceeded 102-4°¥. On September 17th it was
noticed that the hind legs were dragging, and about September 20th it was unable
to stand. 1t was destroyed on the 28th, and a post-mortem was immediately oarried
out by Dr. Korke. All the organs were found to be about normal, and the bone
marrow though much diminished in quantity was of the usual white colour,
No parasites could be found in any of the smears made from the organs. This
is another instance of an animal dying with all the symptous of Kala-Azar, yet
there was no proof that it had contracted the disease. 1 have long known that
M. sinicus frequently dies in captivity of a condition which closely resembles
experimental Kala-Azar. The animal slowly begins to emaciate, the hiud limbs -
being the parts chiefly affected: ¢ Drop foot ’” sets in and then later it drags the
legs ; the emaciation rapidly extends to the upper limbs, and the animal then can
hardly move. It takes little or no food and soon dies. I have had the opportunity
of examining many which have died in this condition, and except for the micros-
copical findings it closely simulates Kala-Azar. This condition developes after
experimental inoculation of any kind, and T now have a young monkey which
Captain Ingram inoculated with the parasite of infective granuloma ; it is exactly in
the same condition as the three monkeys which died of Kala-Azar. Further another
monkey which was inoculated intra-peritoneally by Dr. Row with splenie blood
removed by puncture from a case of Kala-Azar, in May 1910 d%eioped the same
condition about June 1912, and it was destroyed on July 16th. “¥The post-mortem
clearly showed that the animal had not developed Kala-Azar.

Monkey 6 was inoculated subeutaneously on July 16th with  ce. of bone marrow
from monkey 3. This animal jis still alive, it has no loeal lesmn and at present
shows no signs of having developed Kala-Azar

Monkey T was inoculated subeutaneously with } c.c. of bone marrow taken

from monkey 8 on July 16th. It is still alive and Well and has never had any
local lesion. ‘
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Whiterat 5 inoculated with ~1 cc. intra-peritoneally (splenic puncture fluid
-from a human patient) ; it is still alive.

Whiterat 8, 7, 8 and 9. Two drops subcutaneously with splenic puncture fluid.
No. 6 died on August 16th, No. 7 on September 9th, and No. 9 on September 16th,
there were, however, no evidence that these rats had contracted Kala Azar.

Wihiterat 10 was 1noculated subcutaneously with two drops of bone marrow
taken from monkey 2. - It is still alive, its- liver was punctured two months later,
-result negative.

Whiterat 11 was given a similar inoculation, and is still alive.

Whiterat 12 was inoculated intraperitoneally with 2 ce. of heart blood from
‘monkey 3, and is still alive.

Whiterat 13 was inoculated subcutaneously with about } ee. of liver puncture
fluid from monkey 3, and is still alive.

Whiterat 14 was given a similar inoculation. Those inoculated subeutane-
-ously have never developed a local lesion.

Dog 5 was inoculated intra-peritoneally with } ecc. of splenic puncture fluid
from a case of Kala Azar on the 17th of March; it died on September 7th. At the
_posi-mortem no evidences of Kala Azar were found, the hone marrow presented a
normal appearance and the spleen was not enlarged.

In addition to the above experiments I have now examined dogs which
were destroyed at the two lethal chambers of Madras. The majority of these animals
-came from the endemic area. They were typical street dogs, such as are common in
large Bastern cities. In each case a large smear was made from the spleen immedi-
ately after the animal was destroyed; and this was examined later, but not a single
animal was found infected. In many of the films there were structures closely
-simulating the parasite of Kala Azar, these were either artifacts or some stage of
Piroplasma canis or Piroplasma gibsoms. If 18 important to note that in a large
percentage of the dogs examined the spleen was found to be considerably enlarged,
_much more so than in the case of the two dogs which died of Kala Azar as noted
above.

The following is a summary of the results obtained :—

Three monkeys inoculated with two enormous deses of splenie pulp contracted
the digease and died.

Four monkeys inoculated with small doses have not up to the date (October)
-contracted the disease, one of these monkeys died as noted above, but not of Kala
Arzar. -
Out of four dogs inocunlated with two large doses of splenic pulp, two have
-died, while two are still alive and show at present no sign of the disease,

One dog inoculated more than six months ago with a small dose of splenie
puncture fluid died, but not of Kala Azar.

Out of two jackals inoculated with large doses of splenic pulp, one died, but
not of Xala Azar, the other is alive and well.

Two guinea pigs and two rabbits similarly inoculated are still quite healthy,

Two cats, a goat, pig, and a calf inoculated with large doses of Kala Azar
-material are still alive and well.

Out of four white rats inoculated with two large doses of splenie pulp, three
-are still alive and well, while one contracted the disease and died.

Out of ten white rats inoculated with small doses of Kala Az}ar material, three
have died, but not of Kala Azar.

From these experiments I draw the following conclusions :—

1. The monkey, Macacus sinicus can be infected with the parasite of Madras
Kala Azar only when inoeulated with a large dose ; it is possible that very young
animals-—a few weeks to four months old—may be more easily infected. Subeutaneous
inoculation does not produce a local lesion simulating Oriental Sore. I have
therefore not been able to confirm Dr. Row’s observation who I presume was working
“with Madras Kala Azar,
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2. The dog is to all intents totally refractory and can only be infected witle
large doses, and even then the experiment does not always succeed. Not a single-
street dog out of examined from the endemic area during the last seven months -
was found naturally infected. Kala Azar in Madras is therefore not of canine origin.
8. The jackal (Camis sndicus) is similarly refractory, and can play no part in the-
transmission of the disease.

4. The domestic cat cannot be infected even with large repeated doses, and
therefore Kala Azar in Madras is not of feline origin.

5. One white rat out of fourteen inoculated iu various ways and with large
doses died with parasites in its organs; it would appear that that it is not an easy
matter infecting this animal. For all practieal purposes it may be considered to be-
refractory. The parasite has, as far as I am aware, never been found in either Mus
rattue or Mus decumanus ; it is therefore difficult to understand how Kala-Azar in.
Madras can be of murine origin.

6. The rabbit and the guinea pig cannot be infected.

7. The goat, the calf, and the pig are also refractory, and can therefore have
nothing to do with the origin of the disease in Madras.

8. As the monkey (Macacus sinicus) is not to be found in the strects of Madras,
- except perhaps here and there as a pet, it cannot possibly be concerned in the spread
of the disease.

9. Though it is true only a few animals of each kind have been utilised, these-
have been given such gigantic doses; doses far exceeding anything the natural
transmitting agent could poseibly inoculate. that in my opinion the results may be
taken as conclusive proof that tho animalg are for practical purposes refractory.
Kala Azar in Madras is therefore not of animal origin.

10. These experiments clearly show that there is very little hope of transmitting
Kala Azar to any animal by means of the bed bug (Cimer rotundatus).
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FURTHER OBSERVATIONS ON THE DEVELOPMENT OF HERPE-
“POMONAS DONOVANI-\N CIMEX ROTUNDATUS AND CIMEX
LECTULARIUS.

By Captain W+ S. Patton, M.B. I.M.S., on Special Duty, Kala Azar
enquiry.

In my last memoir on the development of Herpetomonas donovans in Cimex
rotundatus and Cimex lectularius, 1 outlined several experiments, which I stated
would be carried out at the first opportunity ; these experiments were devised
with the object of finding out the exact factors which govern the development of
the parasite in the bug. ~ One factor of considerable importance has already been
discovered, namely that the parasites can only complete their development, when
a sufficient imterval is allowed for them to multiply, and pass onto their post-
flagellate stage, and that, if the bug takes a feed of blood before this has been
accomplished, the flagellates are destroyed. But before describing the present
experiments, [ think it will be useful to again draw attention fo some points
connected with this problem,

In the first place it is necessary to state, that the observations which have
already been recorded by me, are based on the assumption that the parasite of
Indian Kala Azar passes out of man’s body by way of the peripheral blood, that it
is ingested by some blood sucking insect, in which it becomes a flagellate, and
that the insect transmits it to a healthy person, when it sucks hisblood. I have
never attempted to prove any other transmission hypothesis. In order to
discover in which particular insect the parasite of Kala Azar undergoes its
flagellate stage, it is necessary to feed all the likely insects on the peripheral blood
of a case of Kala Azar, and then to dissect them, and search for the deves
lopment of the parasite. What proof have we that a particular herpetomonas
found in the midgut of a blood sucking insect, which has been fed on Kala
Azar blood, ¢sthe developmental stage of the parasite? In order to answer
this question, it is necessary for the observer to have an intimate knowledge of
the flagellates of the insect in question. If however itis known, for certain,
that the particular insect experimented with, is never infected with a natural
herpetomonas, how is it still possible to be sure that a flagellate found in it has
developed out of the parasite of Kala  Azar? Fortunately in the case of this
human parasite we have a valuable guide, and one which is not sufficiently
realised. The parasite of Kala Azar, when ingested by an insect, is always in a
white blood cell, and if 2 number of insects are examined at regular intervals
after they have fed, the parasite should be found, first, lying unchanged ina
leucocyte, and then later, when the leucocyte degenerates it is seen to be free,
and then all its developmental changes can be observed. Here then we have
an accurate guide, for there can be no possible doubt as to the origin of the
herpetomonas encountered in the insect. This is a point of some importance,
for even though the observer may not be acquainted with the herpetomonads
of insects, if he pays particular attention to the fact mentioned above, he cannot
possibly make a mistake regarding the true nature of such a parasite, found in
an insect which has fed on the peripheral blood of a case of Kala Azar. Now
in all my papers on the development of the parasitein the bed bug, I have
carefully described it, first in its unchanged condition in a leucocyte, its becoms
ing free as the leucocyte is digested, and its subsequent development into a
flagellate. Were the bug or any other insect, fed on cultures of the.parasite,
it would #of be possible to distinguish between a natural herpetomonas of the
insects, and the flagellate stage of the parasite of Kala Azar.

Having found that the parasite only develops into a flagellate’ in the bug,
are we justified in concluding that #Ais insect is the true invertebrate host of the
patasité,.and that it transmits it to man? In order to answer the above question
it is necessary to consider some points in connection with the development of
the parasite in the bed bug. There can be no doubt that there always is some
relation between' the digestion of:the blood. in:an insect, and the various stages
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in the life history of a parasite it may ingest in the blood. I believe that herein
lies the clue to some of the mysteries surrounding the transmission of protozoa
by blood sucking insects. In considering the extra-corporeal life history of the
parasite of Kala Azar, it should be remembered that we are dealing witha
protozoon, which can only enter the midgut of its invertebrate host in a non«
motile stage, and its power to maintain itself, depends on whether it is able to
pass on to its motile form; further when this stage is reached, it is necessary
that it should be able to multiply, In the case of a protozoon like 77vpanosoma
gambiense, on the other hand, we are dealing with a flagellate, which when it
enters the midgut of its invertebrate host, Glossina palpalis, is already motile, yet
we know that it can only maintain itself and multiply in about 5 per cent. of the
flies which ingest it. Why is it that in only about five flies out of every hundred,
this parasite can live, multiply, and complete its development, and render the
fly infective ? The answer to this quertion will 1believe be found by studying
the digestive processes in the fly, and their relation to the life history of
T gambiense. It will be of interest to consider some of the factors which might
bear on this point.

Sterility of the alimentary tract of the invertebrate host of a flagellate is of
the first importance, for it is well known that these parasites cannot live in any
medium, which is infected with bacteria. The bacteria themselves require food,
and their presence must reduce the amount available for the flagellates.
Further, it is very probable they produce toxic substances, which affect not only
the blood as 1t is being digested, but destroy the flagellates. It is true, certain
insect- herpetomonads may be found associated with bacteria, for instance
Herpetomonas muscae domesticae in Musca nebulo. 1In this case however, | have
found when dealing with flies bred and infected in the laboratory that those
which swarm with bacteria neyer contained flagellates, but when they were rich
in flagellates there were never many bacteria. In flies caught at large however,
there were often some bacteria as well as the flagellates in the midgut of the
fly, but, as a rule, they never appeared to completely invade its alimentary tract.
The post-flagellate stage of /ferpetomonas muscae domesticae in the hindgut of
the fly is frequently associated with bacteria, here however we are dealing with
a stage on which bacteria can have little or no injurious effect. In most blood
sucking insects under natural conditions, bacteria are rarely found ; they are not
common in the bed bug. In the case of the parasite of Kala A:zar, bacteria
are very injurious, for when they are present it not only fails to develop into a
flagellate, but the flagellates readily die cut. The presence or absence of bacteria

in the alimentary tract of the invertebrate host of this parasite must then have a-

direct bearing on its life history. In addition to bacteria, fungi and yeasts may
also invade the alimentary tracts of blood sucking insects, and we know that they
destroy these parasites. Miss Porter has very clearly shewn the effect of a fungus
‘on Crithidia melophagia, Flu; she points out that fungus infected keds (Melo-
phagus ovinus) are widely distributed, and that this organism is most usually
found in the malpighian tubes of the ked. When infected with the fungus, keds,
rarely if ever, contained Crithidia melophagia, the fungus having a distinct
pathogenic action on the flagellate. In order therefore for the parasite of Kala
Azar to pass from its pre-flagellate to its flagellate stage, it is essential for the
alimentary tract of its invertebrate host to be sterile.

. The factor which has the most important bearing on the life processes of
the parasite of Kala Azar isthe temperature at which its insect host is, at the
time the parasite isingested; this of course assumes that all insects are always
the same temperature as their surroundings., On examining bugs which have
been kept at a high temperature, and on comparing the digestion of blood in
them, with that in bugs kept at a relatively low temperature, it will be found that
digestion is markedly retarded in the latter. The blood ingested by bugs kept
at a temperature varying from 80°F. to go°F. is broken up in from six to eight
hours, the red cells, becoming unrecognisable as such, while the leucocytes have
become disintegrated. The blood in bugs kept at a temperature varying from
60°F. to 80°F. remains more or less unchanged, for from twentyfour to ninety-
six hours or longer; the lower the temperature the longer the red cells and

-
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leucocytes remain unchanged. Inbugs kept from 50°F. to 60°F. the leucocytes
can be recognised even on the tenth day after they were ingested. In this con-
nection it should be remembered that the parasite of Kala Azar can only develop
into a flagellate, when it has been completely freed from the leucocyte in which
it lies, it is however true that development always begins before the leucocyte
has changed much, It will then be understood that the longer the leucocyte
remains intact, the longer must the parasite remain a pre-flagellate.

1 have now described some of the main points connected with this problem,
and it will be seen that I have confined my observations to the discovery of the
invertebrate host of the parasite, and as to how it then transmits it to man. I have
so far been successful, in that | have found that the parasite only flagellates in
the bed bug, and that it does not undergo this change in any other insect I have
experimented with, I have further found, that the development in the bug
depends on two very definite factors. One [ have already recorded, namely, that
the flagellate stage of the parasite is destroyed in the bug if that insect takes a
feed of blood while the parasite is still in that stage, The other factor is the
temperature at which the bug is at the time the parasite is ingested. [ have
now been able to carry out a series of experiments in order to find out the exact
range of temperature best suited for. the development, and I propose describing
these observations in the present paper. . These observations have clearly shewn
that there is a very narrow limit of temperature in which the parasite can
multiply in the bug,  In my opinion this factoris of the first importance in
explaining some of the peculiarities connected with the geographical distribution
and spread of Kala Azar in India. 1 believe that the discovery of these two
factors is sufficient evidence to shew that the development in the bug is not
merely accidental, but that this insect is the true invertebrate host of the para-
site.  The temperature of the bug—which is that of the air surrounding it—
affects the life history of the parasite in that it direcily acts on the digestion of
the blood; this cannot be due to mere accident but has resulted from the
altered habits of the bug from once being a plant feeder to its present condition,
That the parasite of Kala Azar is closely related to all the species of insect
herpetomonads there can be no doubt, and we can only assume that it once lived
entirely in the alimentary tract of some insect. A study of these insect
herpetomenads reveals the fact that the majority are truly specific in that they
only live in one insect, or species closely related to it. It 1s true there are some
who believe this is not the case, but at present there is no proof to support the view
that herpetomonads occurring in widely separated insects are one and the same
species; this can only be proved by carrying out cross transmission experiments
by trying to infect bred insects with herpetomonads peculiar to others. That a
herpetomonad from one insect is very like that from another, -is no proof of their
identity. Knowing that the parasite of Kala Az4r, as far as | have been able to find
out, only undergoes its flagellate stege in one blood sucking insect, and that there
are, at least, two very definite factors which govern its development in that insect,
I feel justified in concluding that the bed bug is the true invertebrate host of this
human parasite, and that it transmits it to man by its bite ; and this is in spite
of the fact that the parasite has not, up to the present, actually been transmitted
to an animal by the bug. The discovery of these two factors further goes to shew
that it would be futile to attempt to transmit the parasite by feeding infected bugs
on a susceptible animal, until all the points connected with its life history are
known. Let us suppose it was found that a certain animal was extremely susceptible
to the parasite, and bugs which had previously been fed on a patient with many
parasites in his circulating blood, were allowed to feed on it. If it was not known
that fresh blood, even from a monkey, destroys the flagellates in the bug the
experiments would most certainly fail ; exactly the same  thing would happen if
the bugs were utilised in the hot weather in Madras, as I will point out further
on, I therefore do not see any object in carrying out such experiments until
everything has been found out in connection with the development and multiplica-
tion of the parasite in the bug. Inorder to finally prove that the bug is the
actual transmitter of the parasite to man, I believe it is of the first importance
to work out its complete life history, and to ascertain ail the factors which
effect its life processes, This can only be accomplished by prolonged
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observations and accurate feeding experiments under all possible conditions, I am
convinced this is the shortest way to the solution of this problem, and therefore
I do not propose deviating from the course I have followed now for several
years. Wlhen all the factors have been ascertained, transmission experiments
will-at once be carried out.

What temperature is best suited for the development of the parasite in the
bed bug. ‘

Apart from the scientific interest attached to the result of this experiment,
it has a practical bearing in connection with the spréad of the disease in India, and
the answer to this question will undoubtedly give us a clue to the curious localised’
distribution of Kala Azar. Much importance hasin the past beenattached to
the idea that this disease clings to low-lying damp localities. I believe it will
yet be found that the dampness of an infected locality has little or nothing to do
with the localisation of the disease, but that its peculiar distribution has to do
with a totally different set of factors, one of which is just the right temperature
for the development of the parasite in the bed bug. | have now carried out a
long series of experiments in order to answer the above question. A large number
of bugs of both species were fed on a case in the General Hospital, Madras, in
a film of whose peripheral blood there were never more than 20 to 3o parasites.
Half the bugs were kept at room temperature in my laboratory, and the other
half in the cold room of this Institute. . The room temperature while the experi-
ments were being carried out, varied from 86°F. to go°F.; the temperature in the
cold room varied from §5°F, to 65°F., and for very short periods went vp to
67°F.  In each case the bugs were only fed once on the patient. They
were dissected on the seventh, eighth, and ninth days after their single feed. In
the majority of those kept at room temperature, not a single parasite could be
found on these days, but in a few, one ottwo unchanged parasites were seen as
late as the fifth day. In the bugs which were kept in the cold room, six were
found to contain from four to twelve unchanged parasites as late as the ninth
day. In the films made from the midgut contents of these bugs it was noted,
that even as late as the ninth day, the leucocytes could be recognised, though
they had undoubtedly undergone considerable disintegration. :

It was also noticed that the leucocytes were packed with granules of blood
pigment. This observation is of considerable interest, for it shews that, although
the red blood cells had broken up and disappeared, the white cells had remained
alive for several days, and during this time were actively ingesting the
blood pigment which is commonly found in the stomach of the bug. The fact
that the leucocytes, both mononuclear, and polymorphonuclear, remained alive,
and active, can only mean that the digestive processes in the bug were partially
arrested at the temperature at which they were kept ; although the red cells had
been digested, the leucocytes were able to carry on their phagocitic activities..

Shortly after the above experiments had been completed, I had the oppor-
tunity of carrying out another series on a case of Kala Azar which was remark-
able in several ways, so that, before recording the experiments, it will be import-
ant to describe this case. : ,

Chinappa, a cooly boy, aged 12, was admitted for the second time: inte: the
General Hospital on March 3rd, 1912, suffering from broncho-pneumonia, com-
plicating Kala Azar. His temperature on admission was 104'6°F., and he had
all the clinical signs of the above lung condition. His was: a. typical case of
Kala Azar, and according to his own statement he had been ill for two years with
fever and oedema. He was considerably emaciated, his legs were oedematous,
his skin harsh and in parts pigmented. His spleen extended four finger breadth
below the costal arch, and two fingers from the umbilicus ; his liver extendedtwo
finger breadths below the costal arch, He had considerable pain on palpation
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~over the ascending colon, suggesting a previous attack of colitis. He was mark-
-edly anaemic. Parasites were found in the first blood film | examined, and it
was then noted that there was a considerable leucocytosis (polymorphonuclear).
He slowly recovered from the attack of pneumonia, and then remained in a sta-
tionary condition for about two months, During this time his blood was examin-
ed at frequent intervals, and parasites were always found, and the leucocytosis
persisted, though to a diminished extent. Bugs and fleas were fed on him on
many occasions. On May 23rd it was noticed that the boy’s temperature was
higher than usual (103°F.), and that he had a cough with some expectoration,
and that his respiratjon was rapid. A blood film was taken, and on examining it,
three Kala Azar parasites were found, and in addition many young merozoits of
the Earasite of benign tertian malaria; in the evening his temperature rose to
104° F., and he appeared to be very ill. ’

 His blood was examined again on the 24th, and in addition to a few malarial
parasites, over 500 Kala Azar parasites were counted in one blood film; in a
film taken the same evening 1,043 Kala Azar bodies were counted. Films taken
on the 25th each contained over goo parasites, those taken on the 26th contained
‘between 700 and 800, on the 27th between 300 and 600, on the 28th between
400 and 500, and a film taken just before he died contained between 200 and 300.
A careful clinical examination on the 24th and 25th at once revealed the fact that
he now had lobar pneumonia, and that the whole of his right lung was solid ; his
“sputum was blood stained and characteristic of the pneumonic condition. Judg-
‘ing from his general condition on the 28th, there appeared to be every hope of his
recovery, he however, suddenly collapsed on the morning of the 29th and died in
about an hour. A post mortem was immediately carried out, and in addition to
the solid right lung, a large empyema was found situated on the antericr surface
.of the upper lobe, six inches in length, and four. inches in breadth; the pleura
was firmly adherent to the chest wall, and the pus was of a thick glutinous
.character. There was nothing particular to note about the other organs, except
that the large intestine was not at the time ulcerated. This case was remarkable
in several mays, for although | have during the last five years seen over a hun-
dred cases of Kala Azar, and examined several thousands of films of finger
blood, I have never seen so many parasites. It will be remembered that I, long
ago, pointed out that there are certain occasions in this disease when a large
number of parasites can be found in films of finger blood, and that these occa-
" sions were chiefly characterised by very severc dysenteric symptoms. 1 wish
however to correct the erroneous statement which has been attributed to me,
that it is only when a patient is in articulo mortss as a result of dysentery, that
the parasites become numerous in the peripheral blood ; | have nowhere made
any such statement. The number of parasites in the circulating blood has nothing
to do with the approach of death, onthe contrary, they are always fewer at
this time. When this condition was first noted, | attributed the great increase in
the number of the parasites to a fresh focus of infection in the intestinal tract. In
the case described above there was no fresh focus of infection anywhere as far as
counld be discovered. Careful smears were made from the pneumonic lung, as
well as from the pus, but I was unable to find anything to suggest that the para-
sites found in the lung smears were other than those in the circulating blood. [t
is therefore clear that the great increase in the number of parasites in the peri-
pheral blood, was in some way connected with the presence of a large cavity con-
taining pus, and which was accompanied with an enormous leucacytosis (poly-
morphonuclear), and that this reaction had probably caused the parasites to
multiply in the spleen, and possibly elsewhere. These parasites on being freed
from the large endothelial cells were at once phygocytosed, and then appeared in
the circulating blood. In support of this explanation there are the following
facts:—A large number of the parasites seen in the films were in polymorphonuc-
lear leucocytes in which they were actively dividing. In many of the
leucocytes the parasites were grouped together in a characteristic manner, and
they were evidently lying in the remains of the protoplasm of the large endothelial
cells; when they were taken up by the leucocytes.

~ This appearance, I have only seen in the peripheral blood of those cases
with severe dysentery, when there is a sudden marked rise in the number of the
parasites in the circulating blood. Lastly it was noted in another case which
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died 'in the hospital shortly after the above case that about five days before
death there was a sudden rise in the number of parasites in films of finger blood.,
At the time this patient had the early stage of cancrum oris, but although I have
had the opportunity of examining the blood of many cases with this complica-
tion, | have never noted any marked increase in the number of parasites in the

ims of finger blood. The patient died somewhat suddenly, but I had noticed’
that he was in a very drowsy, semi-comatose condition; at the post mortem
Dr. Korke told me he found the right kidney was practically a bag of pus.

It would then appear that the rise in the number of the parasites in the
circulating blood in those cases of severe dysentery is not due to a fresh focus of
infection but rather to the presence of extensive ulceration and resulting
leucocytosis.

Another point of interest attaching to the case of the boy, Chinappa, was
the association of one of the parasites of malaria with that of Kala Azar. This
is the first occasion I have found the two parasites together, and Colonel
Robertson, 1. M.S,, informs me he has only seen the two parasites together
ina single case; this is certainly very remarkable, for malaria is common
enough in George Town, the home of Kala Azar. That malaria is on the
increase in Madras | have no doubt, for recently I have seen a number of
cases of true chronic malaria closely simulating Kala Azar; in former years
this was unusual. [ can offer no explanation of why the two parasites are not
more frequently seen together; it may perhaps be that they are inimical to each~
other, ’ ‘ a

‘As soon as I found that the blood of the boy mentioned above was swarming,
with Herpctomonas Donovani, 1 fed a large numver of bugs of both species on
him, and hoped to settle all the remaiming points connected with the exact
meéthod of transmission of the parasite by the bug. It will however be seen.
later, that a new factor in connection with the life history of the parasite was
discovered, and though the results were most disappointing, | have been able
to still further narrow down the problem. In addition to finding+dut all the
points connected with the life history of the parasite, I aimed at determining
as near as possible the temperature conditions connected with its development.

The bugs were therefore divided, into batches, and were kept under the
following conditions :—

1. A large number were placed in my laboratory in a cupboard, and kept
at room temperature, They were not crowded together in small
tubes, but were placed on pieces of filter paperin large glass
jars. The temperature of the laboratory was recorded on a
thermograph, and from May 24th to May the g3ist, the average
minimum temperature was 85°F., and the average maximum 9 °F,;
the bugs used for this observation were fed on the 24th and 26th,

2. Another batch were kept in similar jars in a Hearson’s cold incubator
at a temperature varying from 75°F. to 80°F. :

3. A third batch were kept in another cold incubator at a temperature
varying from 73°F. to 75°F. 1 had hoped to maintain the tem-
perature of this incubater from 70°F. to 72°F., but just at this
time the temperature of Madras was at its highest, and the maximum
on several of the days being well over 100°F., and on one day
1:2°F,  Under these conditions it was found impossible to keep
the temperature of this incubator lower, although large quantities
of ice were used.

4- The fourth batch of bugs was kept in one of the cold rooms of the
Institute, the temperature of which varied from 55°F. to 65°F.
It will be seen trom the above that range of a very wide temperature was
ilised.

_ E xamination of bugs kept at room temperature, 85°F. to 94°F.—The bugs
ased in this experiment were dissected, as I have already described in a previous
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report, the midgut and its contents were smeared out on one part of the slide,
and the hindgut and its contents on another part.

Bug No. 1.~Dissected 40 hours after being fed on the case, which was
on the day when about 500 parasites were seenin films of finger blood. Its
midgut cotitained much digested blood, the red cells and leucocytes had all
disappeared. Many-parasites were seen free, some were obviously disintegrating
as evidenced by the way they stained ; it was also clear that many had already
disappeared. A few were enlarged, and shewed the characteristic blue staining
protoplasm, as is seen in young developing forms, but only a few were in the
stage preceding the extrusion of the fagellum. Several were elongated and
lying in pairs, and had very faintly staining flagella. There were several long
thin flagellates, with well developed flagella. No parasites of any kind were
seen in the smear made from the hindgut,

Bug No. 2.~Fed on the same day as No. 1 and dissected 44 hours after
its feed. The midgut film contained fewer parasites than that of No, 1. Most
were unchanged, a few shewed the typical appearance of the formation of the
‘flagellum, which I have several times describea; several flagellaies were seen.
Two degenerating leucocytes containing parasites were found.

Bug No. 5.—Fed on the same day as No. 1, and dissected 48 hours after
its feed; the midgut contained a large amount of digested blood, but no
leucocytes were seen.” There were a few unchanged parasites lying free, and
"six degenerating ones were found grouped together. There were no flagellates,
and the hindgut smear did not shew a parasite of any kind.

Bug No. 15.—Fed on the same day as No. 1, and dissected 70 hours later.
After a long search a few unchanged free parasites' were found, two were
slightly enlarged. There were no flagellates, and no enlarged parasites shewing
the characteristic changes just priorto the extrusion of the flagellum. No para-
sites were seen in the hindgut smear. :

Bug No. 16.—Fed on the 26th at 10 A, M, and dissected 19 hours later.
Its midgut contained a fair quantity of digested blood. There were many para-
sites all free, several were much enlarged and shewed the early and late stage in
the formation of the flagellum. Quite a number were elongated and lying in
pairs, and had evidently divided, without flagellating. A few long thin fagellates
and .some short forms were found. , There were alsosome degenerating long
forms probably flagellates.

Buo No. 29.—Fed at the same t;ifné as No. 1, and di'sAsect.e.d 34 hours later.
The blocd was almost all digested and the midgut nearly empty. Not a single
parasite was found.

Bug No. 30.—Fed at the same time as No. 1, and dissected 136 hours
later. The midgut contained a small quantity of blood, but the smear did not
contain any parasites.’

The remaining bugs were fed on a white rat, and dissected later but notting
was found in any of them. As a result of this experiment it will be seen that the
parasite will flagellate in the bug at a high temperature, confirming the observa~
tions made by me in 1go6. From a reference to the figures in my first report, it
will be observed that I then obtained very similar results, but with this difference
that the bugs were fed several times, and ¢ was not then able to say how long the
parasite remained alive in its alimentary tract. These recent experiments have
however conclusively proved that though the parasites will develop into flagellates
in the bug during the hot weather in Madras, they disappear by the ffth and
sixth days. 'The bugs used in this last experiment were fed by myself and two.
asgistants, and we sat for nearly an hour il every bug had taken a complete
feed,. those which had not fed were removed and destroyed. There was then no
doubt whatever that all the bugs had ingested several hundred parasites. [
therefore consider this experiment conclusive proof that the bug can never trans-
mit the Kala Azar parasite during the hot weather in Madras; this at least is
nge consolation to those who are in constant dread of contrcating this fatal

isease.
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Examination of bugs kept at a temperature varying from 75°F. to 80°F.

Bug No. 4—~Fed on the 24th at 5 P. M., and dissected 46 hours later. The
midgut contained much blood, and the stained smear shewed unchanged red
cells and leucocytes. There were numerous parasites in the white cells, and
many free, these being in the early stages of development ; several shewed the
division of the flagellum,and the growth of the flagellar myoneme very clearly.
There were also several young flagellates.

Bug No.8.—Fed on May 25th at § P, M., and dissected 39 hours later.
The midgut contained a large quantity of partly digested blood, the red cells
could still be recognised, and most of the leucocytes were unchanged. The
smear shewed many parasites, mostly in the early stages of development while still
in the white cells, a fair number were free, There were a few young flagellates.

Bug No. g.—Fed at the same time as No. 8, and dissected 42 hours later,
There were many unchanged red cells and leucocytes, many of the latter had
degenerated and the parasites they contained were well advanced towards
flagellation, There were many young and mature flagellates. The digestion of ~
the blood in this bug had proceeded more rapidly than in the case of No. 8.

Bug No. 25.—Fed on the 24th at 5 P. M., and dissected 96 hours later,
The midgut contained only a small quantity of blood, as digestion had been
completed ; there were o unchanged leucocytes. Only a few unchanged and
degenerating parasites were seen, but there were no flagellates. '

Bug No. 26.—Fed at the same time as No. 25, and dissected just after it.
The blood was completely digested and there were no parasites.

Bug No. 35.—Fed on the 24th and dissected 149 hours later. The midgut
contained much digested blood chiefly regurgitated from the hindgut. No
parasites could be found in the smear. 1 have frequently noticed while
dissecting bugs when the midgut was dissected out and the hindgut was still in
the abdomen that a large quantity of the contents of the latter was driven into
the midgut. I have noticed this happen even before the midgut was dissected
out, for it"can be seen through the chitinous integument ; when a bug's midgut
is empty, it always contains air and it can thus be clearly recognised. As the
contents of the hindgut are shot into the midgut, active peristalsis can be
observed in the latter, and the contained air can be seen moving about.

The remaining bugs which were used for this experiment were dissected on
the fifth, sixth and seventh days after their feed, but with negative results. This
experiment then clearly shews that a temperature varying from 75°F. to 80°F.is
unsuitable for the development and multiplication of the parasite, and that
though it flagellates, it never multiplies but dies out about the fifth day.

Examination of bugs kept at a temperature varying from 73°F. to 7 5°F.

Bug No. 3—Fed on the 24th, and dissected 45 hours later. The staine..
smear shewed some red cells and leucocytes, but the digestion of the blood was
considerably advanced. Most of the parasites were free, and shewed the early
changes towards development ; there were also a few young flagellates.

Bug No. 6.—Fed on the 25th and found dead on the 26th, dissected 31
hours after its feed. The midgut smear was found to be swarming with colon-
like bacilli; there were a few parasites, and some of these were about to
flagellate,

Bug No. 7.—Fed on the 25th and dissected 32 hours later. Digestion
was fairly well advanced, most of the leucocytes were degenerating, and the
parasites they contained were all shewing the early and.late changes preceding
flagellation. There were a large number of such forms, but no flagellates.

Bug No. 10.—Fed on the 24th at 5 P.M,, and dissected 63 hours later. The
blood in the midgut was completely digested, there were many unchanged para-
sites and some young flagellates. A few shewed the stage preceding the
extrusion of the flagellum.’
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Bug No. rr.—Fed on the 25th at 10 A.M., and dissected 44 hours later,
The midgut contained much semi-digested blood. There were many preflagellates
in all stages of development lying free, as well as in leucocytes; and there were
also some young flagellates.

Bug No. 12.~Fed at the same time as No. 11, and dissected 45 hours later ;
there was much partially digested blood in the midgut. There were many free
parasites shewing the early and late stages preceding the extrusion of the flagel-
lum, and a few young flagellates were seen. [t was noted that the digestion of
the blood was more advanced than in No. 11.

Bug No. 13.~-Fed at the same time as No. 11, and dissected 46 hours after
its feed. The midgut was full of semi-digested blood, The parasites were in
the same condition as in the two previous bugs.

Bug No. 14.—Fed at the same time as No. 11, and dissected 47 hours after
its feed. The blood in the midgut was almost completely digested; there were
many unchanged parasites, a few shewing development, but no flagellates.
The most striking fact regarding the parasites in these bugs was that they were
clearly not developing and multiplying as was the case in the bugs recorded in
my last paper. There were no exidences of multiple segmentation either in the
pre-flagellate or the flagellate stage; this is a point of considerable importance.

Bug No. 17.—Fed on the 24th at 5 P.M., and dissected 70 hours later.
The blood in the midgut was almost completely digested. There were a few
unchanged parasites as well as some shewing the early changes towards flagel-
lation; several degenerating parasites were found and the nuclei and blepharo-

laste of many were all that was left of them. There were a few short, and two
ong flagellates.

Bug No. 18.~Fed on the same day as No. 17, and dissected 71 hours after
its feed. The blood in the midgut was completely digested. There were a few
unchanged parasites as well as one or two shewing the early appearances of
development ; two short flagellates were also seen,

Bug No. 19.—Fed on the 25th at 10 A.M., and dissected 72 hours later’
The blood in the midgut was completely: digested. Four unchanged parasites
were seen and several degenerating flagellates and preflagellates, but most of
the parasites had obviously disappeared.

Bug No. 20.-~Fed onthe same day as No. 19, and dissected 73 hours
after its feed. The midgut contained digested blood exactly similar to what
is seen in the hindgut of the bug. Five apparently unchanged parasites were
found after a long search; but there were no flagellates or young developing
forms.

Bug No. 2:.—Fed on the same day as No. 19, and dissected 76 hours
after its feed. The midgut contained the same fluid as was seenin No. 20.
The smear contained several unchanged parasites, others in various stages of
development, and many groups of young flagellates which were well stained.
In addition there were several degenerating and degenerated flagellates. This
bug contained the best developed forms, but it was evident from the degenera-
tion taking place in some of the flagellates, that the others would not have lived
much longer.

Bug No. 22—Fed on the same day as No. 19, and dissected 77 hours
after its feed. The midgut contained a small quantity of digested blood. There
were only a few unchanged parasites, and no flagellates,

Bug No. 27.—Fed on the same day as No. 19, and dissected 101 hours after
its feed. The midgut contained much digested blood, and the smear shewed a
very few unchanged and degenerating parasites,
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Big No. 28.~Fed on the same day as No. rg, and dissected 102 hours
ifter its feed. The midgut contained some digested blood and many air bubbes
and the smear only shewed four unchanged parasites, which were found after a
long search,

.. Bug No. 32~Fed on the 26th and dissected 100 hours after its feed. The
midgut contained much digested blood, similar to that seen in the hindgut.
Only a few unchanged parasites cou'd be found.

Bug No. 33.-~Fed on the same day as No. 32, and dissected 103 hours
after its feed. The midgut contained a lot of digested blood, and in the smear
a few unchanged parasites, and some degenerating forms were seen,

 Bug No. 34—Fed on the same day as No, 32, and dissected 104 hours
after its feed. The midgut contained much black digested blood, but not a
single parasite of any kind could be found

The remaining bugs, some 20 in number, were dissected from the fifth to
the eighth day after their feed, but with negative results. It was therefore clear
that the temperature at which the bugs were kept was unsuitable for the devel-
opment and multiplication of the parasites.

Examination of bugs kepr at a temperature varying from S55°F. to 65°F.

Bug ¥o. 23.—~Fed on the case on the 24th at 35 p.M., and dissected g3
hours later. The midgut contained a large quantity of reddish blood only partly
digested, many leucocytes and red cells being quite unaltered. Thete were a
large number of unchanged parasites still lying in leucocytes (polymorphonuclear), .
as well as many free forms ; many clearly shewed all the early changes towards
development, but there were no fagellates.

Bug No. 24.—Fed at the same time as No. 23, and dissected g6
hours after its feed. The midgut contained a large quantity of red blood,
the same as No. 23, and the parasites were also in the same condition.
Twenty-four bugs which had been kept in the cold room were dissected from the
fifth to the tenth day after their feed they contained unchanged parasites, a
few developing forms, and in each several flagellates were seen, but it was
obvious that the development was so retarded by the low temperature that they
failed to develop normally and multiply after flagellating. Unchanged parasites
were seen in several other bugs aslate as the twelfth and thirteenth days; but
after this, not a single parasite could be found.

The observations recorded above, confirm the previous ones and prove that
if the bug is kept at a low temperature the parasite of Indian Kala Azar fails to
develop and multiply normally in its alimentary tract, and disappears after the
tenth or twelfth day, Knowing that every bug used in these experiments must
have ingested at least 100 parasites it is clear that Herpetomonas donovani is
unable to complete its life-history at the various temperatures utilised, What
then is the exact temperature necessary for its complete development? It will
be remembered that in my last experiments in which 1 was able to follow the life-
history of the parasite up to its post-flageliate stage, the bugs were kept in a
cold incubator ; a careful record of the temperature of the incubator was however
not kept, but it was then stated to have been about 71°F. to 75°F. (22°C to 24°C);
These experiments were carried out during the last days of [anuary and the first
week of February 1912. The mean temperature of Madras for the 24 hours
during this time of the year is about 52°F. to 75°F., the minimum may go
down as low as 62°F. and the maximum as high as 85°F. It will therefore be
seen that the temperature the bugs were then kept at, was practically that of
the temperature of an inside room in Madras. From this [ am led to infer that
there is a very narrow limit of remperature within which the parasite can flage
ellate, multiply, and complete its development in the bug. When is this tem-
perature attained in Madras? In order to answer this question I bave collected
the temperature records of the City of Madras for the last ten years, and with-
out going into the details, I find that the necessary range of temperature is to be
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tound in the months of December, Januaty, anu the fiest half of Febraary, Here
are the figurey '

— Average v Aver_age Average

» aximum! | Minifum, Mean.

January e e e o 866 70 77'3

1901 December .., e wl o 826 689 756
January e R e 838 | 678 75'8

1902 Dlecetber - . v 829 | 72'1 77"6
January oo e . 84 6g'8 7.
1903 Decdhiber vor s 82 697 759
January 831 | 69'2 76'2
1804 December " we 837 69’6 26’5
January ) 832 65'2 74'2

1905 December ‘e " 835 678 75'4
January . - - 83y. | 646 768

1906 December 816 71'5 766
January 830 668 754

1907 December 829 69°4 76°2
January 84'4 683 76'4

1008 December 82'7 " 686 756
Januvary 836 ‘ 67'0 75'8
1909 December 85'6 71 783
January 86+ 67:6 767
19to0 December 837 G6g 75'7
Janvary e 858 67'é 771

1911 December . - 82'5 71°4 77's

It is interesting to refer to the feeding experiments recorded in my second
memoir on the development of the parasite in the bug. The twelve bugs were
fed on the case on December 27th 1906, and the last bug was dissected on
January 2nd 1907, and from the above table of temperatures, it will be seen that
the average mean temperatures of the two months was 76 6°F and 75'4°F. re«
spectively ; the bugs in this case were kept in an open verandah on a table. In
all these bugs there was arapid and normal development, suggesting that the
life-history of the parasite would have been completed in another five or six
days.

From the above more recent observationd the following conclusions can be
drawn :—

1. The parasite of Indian Kala Azar will flagellate in the bug at a high
temperature, but instead of multiplying, it dies out and disappears
in about five days after it is ingested.

2. The parasite will also flagellate in the bug at a low temperature and
though it persists in the insect for about twelve days after it is
ingested, it never multiplies to any extent, but dies out.

3. The parasite flagellates and persists for a few days in bugs kept at a
temperature varying from 73°F. to 80°F., but here again it never
multiplies but dies out.
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4. The temperature corresponding to that of the months of December
and January in Madras appears to be the most suitable for its dee
velopment in the bug ; it is then able to pass on toits post-flagellate
stage. Itis I think a very striking fact to note that the parasite
of Oriental Sore in Cambay behaves in a still more peculiar way,
in that it will only flagellate in the bug below a temperature of
about 75°F. The parasite of Kala Azar on the other hand will
flagellate in the bug at a high temperature but fails to multiply,
and soon disappears. 1 am confident that these peculiarities
in the life-histories of these two parasites are not accidental but that
they give us some insight into their origin, and further explain why
the two diseases they produce are never found, so far as we know
at present, side by side in India. The temperature aud the re-
sulting effect it has on the digestion of the blood in the bug,
is the factor of the first importance which governs their life histories,
and in each case the range is different and at the same time very
limited. I hope in the coming cold weather in Madras to settle
the problem regarding the exact temperature, and at the same time
to find out the importance or otherwise of one more factor connect-
ed with the life-history of the parasite, which | have for some time
had in view, and which I will refer to on another occasion. Until
all this has been solved by feeding experiments and dissections,
I do not propose carrying out any transmission experiments with
infected bugs ; such experiments would be conducted with imper-
fect knowledge, and would surely lead to failure,



1 wGRESS BRerorT oN Kata Azar

By Caplain F, P. Mackie, 1. M.S.

After leaving Madras early in May 1912 I was ordered tu go to Cooch Behar
‘State and examine the site of an epidemic area.

This occupied me from May 11th to May 19th and a report of my findings was
forwarded to the President, Kala Azar Investigation Committee, on May 18th, 1912.

I then went direct to Shillong, May 30th, and remained till July 17th.

I occupied my time there by studying the records and files relating to the
distribution of Kala Azar to which I was given access by the Sanitary Commissioner
and the Deputy Sanitary Commissioner.

I'had an interview with the Chief Commissioner on the subject and conferred
with him end with the abovementioned Sanitary officials in reference to a scheme
*or the investigation of Kala Azar in Assam.

This scheme is being dealt with by Captain Mc¢’Combie Young, 1.M.8., Deputy
Sanitary Commissioner for Assam, at the present Conference.

These duties having been completed and there being no possibility of touring
the infected areas at that season of the year, I returned to Calecutta on July 20th
where I was joined by Sub-Assistant Surgeon Jamiatram and a fiyman.

I visited the principal hospitals daily in search of Kala Azar cases ; but though
overy aseistance was given to me by the Physicians in charge, I had only been able
to find about four or five cases at the end of three weeks, and as the main
{)roject I had in view, namel{, the transmission of the disease to animals, seemed
ikely to be delayed inordinately I left Caleutta for Kalna, Burdwan distriet, on
August 156th, 1912,

I was attracted here by a paper in the * I.M.G., Febrnary 1911, pages 58-60 ”
by Dr. Muir, the head of the Mission Hospital, in which he stated that he saw six
or seven hundred cases of Kala Azar in a week. He believes now the number to be
very much overestimated and in this I agree with him.

By a successtul and popular treatment for enlarged spleen Dr. Muir has attracted
large number of such cases to his dispensary, and since I have been here there have
been certainly four or five hundred cases of enlarged spleen a week passing through
the dispensary.

RELATIVE FREQUENOY oF KALA AZAR To OTHER CAUSES OF SPLENIC
ENLARGEMENT.

This was the first point to settle; and large numbers of out-patients were
passed in review and any that were considered clinically suspicious of Kala Azar were
subjected to spleen puncture.

In the two months this work has been carried on (the hospital was practically
olosed. in the pujas); 58 cases of suspected Kala Azar were punetured and 23 (39-6
per cent.) showed the presence of Leishmania Donovant, while 85 (604 per cent.) were
negative.



o3

It was evident then that the very large majority of the total unselected cases
were malarial splenregamy or at any rate were not Kala Azar.

At this point I took a spleen census amongst the scholars of four schools in
Kalna, and in a total of 236 children I found the following distribution :—

Enlarged Bpleens not Pergentage of
Ages. spleen. enlarged. Total. enlarged sgpleen.
1lto Eyears .. . . .- . 7 16 22 31-8
5t 10 ,, . .. .. . . 19 66 85 22:3
0t0lf ,, .. . . .. . 22 74 96 280
15t020 ,, . . - . .- 7 28 8% 212
Total .. 86 . 181 236 232

If the ‘“spleen rate ’ is disturbed amongst these children by Kala Azar, I think
it is to a very slight degree, as all these children seemed in good health and none
were suspicious of Kala Azar on clinical grounds,

The prevailing types of anopheles are N, Rossii and N. Fuliginosis,

Crinicar anp EpipEMoLoaIcAL FuaTURES oF Kara AzAR IN THE BURDWAN DISTRIOT.
Out of the 28 cases diagnosed by spleen puncture the age distribution was—

Under 10 years Nil,
Between 10-20 years. ... 12

w 2030 ,, .. . 8
Over 30 5 e 3

The absence of the disease in young children is noticeable and the frequency in.
juveniles and young adults equally marked.

Length of History.
1—6 months. LA gk U .. 8 onses.
7-12 w6y,
Over a year 5
Indefinite Joe el 4

The duration of the disease is open to question—the frequeney of malaria on the
one hand and the latent condition of Kala Azar in its early stages on the other both
bringing in fallacies. The cases usually presented features of greater chronicity that
the stated duration suggested and generally there was o history of irregular fover:
attributed to malaria which occurred previous to the present attack. I am inclined
to think that the duration was generally longer than stated by the patients.

Deductions as to the seasonal prevalence are very difficult though in general
terms it suggests that infection takes place during the cooler months of the year.

I am quite prepared to find this surmise break down on receipt of more aceurate
information ; Dr. Muir states thata large number of cases come up early in the
cold weather, 7., in November and December, and if so, this suggests infection
during the rains or hot weather unless the incubation is shorter than we suppose.

The great difficulty [ find in this and all other enquiries is that of knowing
whether cases referred to were really Kala Azar. In a country riddled with severe
and often fatal forms of malaria it is impossible to be sure that Kala Azar is referred
to either by patients or even by doctors, nnless:the parasite has been demonstrated.

In my own investigations the only criterion I adopt is the presence of Leishmania.
as' I have been deceived by eclinical symptoms on several ooccasions and in both
directions. - '

Distribution.

I hoped - to- have found a Kala -Azar foous ina village where a number of
eases’ oocurred and ‘where minute investigations could be-prosecuted, but I dave not-
found such a one. The disease seems to be scattered irregularly throughout: the



district without apparent reference to any climatic or geographical conditions.
Villages said to be specially infected were inspected but thepe again the fallacy of
chronic malaria obtruded itself. It is-ouriofs to note that no particular tendency to
house infection could be proved—in one case (No. 65) the mother and son of the
patient are said to have died of the disease but this statement was only that of the
patient and was unsubstantiated. In many cases on the other hand four or five

'young persons were living in the house with a proved Kala Azar patient yet presented
no symptoms of the disease.

In Madras and in Assam house infection is said to be common, and this fact has
been much emphasized as an argument in favour of insect transmission.

Clinical symptoms and signs.

In comparing the clinical features of Kala Azar as I have seen it in Madras and
in some carefully studied cases in Bombay, [ have been struck with the absence
amongst the Kalna cases of some of the most marked features of the disease as
ordinarily described.

It may be that only advanced cases came to the Madrgs Hospitals and that
earlier and milder cases might have been found in the out-patient department, or it
may be due to the fact that the disease is milder in Bengal than in Madras.

~ Amongst the 23 cases I have seen in Bengal I should only describe three
as being typieal of classical Kala Azar. I mean that condition where the patient
shows extreme ewmaciation, emphasized by great protruberence of the belly and
cdema of the feet and where the skin is harsh and scaly and the body deeply
pigmented.

In a good number of the Kalna cases the patients were fat and robust, bright
and cheerful, and beyond enlarged spleens and irregular fever showed no sign of
disease. Some such cases showed the presence of large numbers of Leishmania in
spleen puncture and one of these, a girl who lives near the hospital, is up and about
doing her household work and apparently on the road to recovery.

Cases of this sort make me still more chary of trying to estintate the frequency
of Kala Azar in a community, for without prolonged and careful study in a hospital
it is almost imposssible to diagnose the disease except by finding the parasite in the
blood or by visceral puncture.

Recoveries are saids to be frequent and one often meets with cases where the
enlarged spleen and suggestive symptoms have disappeared after an attack of
cancrum oris or other septic condition.

If 1t is true then that Kala Azar is a less severe disease in Lower Bengal than it
ie in Madras, it is probably due to the disease having been evident s long time in
Bengal and that a certain amount of immunity has been established. This is
probably the ease also in parts of Assam,

Only one fatal case has occurred during my investigation here and the material
provided was used for animal innoculation. ’

Ezamination of the peripheral blood.

This has not been used as a diagnostic method in many cases as spleen puncture
was always available. _

It has been carried out in most of the severe and advanced cases but parasites
have only been found in two cases and in these in very seanty numbers.

- I found no difficulty in finding peripheral parasites in many cases in Madras so
I do not think my failure is a matter of technique, but I think it points again to the
greater chronieity and mildness of the disease in Bengal. Malarial parasites have
been surprisingly infrequent even in non-Kala Azar patients though this part of the
subject has not been specially studied. Major Waters, I.M.S., Civil Surgeon of
Chinsurah, an adjoining station to Kalna, tells me he finds that only 15 per cent. of

cases with enlarged spleen show malarial parasites.
2
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 This I take it, is probably due to the fact that all infants and children go
through attacks of acute malaria and subsequently become partiully immune and in
fact “reservoirs ”’ of malaria.

Spleen punctures.

The parasitic infection of spleen juice was very variable in intensity.

In chronic and fibrosed spleens Leishmania were sometimes very searce and
might readily be overlooked ; sometimes only one or two parasites could be found
after half an hour’s search even when the film consisted of undoubted spleen pulp.

Tn other cases large numbers were found and this not always in cages clinically
the most ‘ntense.

Tn most cases the Leishmania presented the usual form, but in several one found
many forms where the nuclear material was surronnded by a considerable amount of
protoplasm.

One met with parasites varying in size from the typical ones, 25 or 3
microns in diameter, to those as much as 10-0 or 12:0, ‘

In the larger cells the nuclear material was imbedded in the protoplasm and
multiplication was taking place into four or as many as ten pairs of nueclei all
‘surrounded by cytoplasm proper to the parasite. This appearance is quite different
to that well recognized one where fypical Leishmania with a defined limiting
membrane are included in an endothelial or other host cell.

(These appearances are shown in the sketeh No. 1.) Twelve examinations have
been carried out to ascertain whether patients suffering from Kala Azar harbour
Anchytostomes or other worm parasites.

The results wexe negative in all cases.

FXPERIMENTS TO ASCERTAIN WHETHER BED BUGS HARBOUR THE PARASITES oF
KaLa AZAR. :

~ Three hundred and twenty-one (321) bugs were caught in the beds and bedding
of patients proved to be suffering from Kala Azar. They were dissected and
examined microscopically.

Result.—No Leishmania Donovani or any other protozoal parasites were found.

Seventy (70) * laboratory bred bugs’’ were allowed to feed on a patient suffering
from Kala Azar who had Leishmania in his peripheral blood (5 or 6 to a slide) ; they
were only allowed to feed once and were examined at various stages from 1 to 30
days. Conditions of temperature were purposely neglected. - (

" Result.—Leishmania of the usnal forms were found in one or two on the day
after the infected feed but not subsequently.
(Experiment proceeding.)

Leeches.—Seven common tan‘l_c leeches were allowed to feed on the same patient.
After three weeks they were examined, blood being received by puncture of the
living leech. No Leishmania were found.

(Experiment proceeding.)

EXPERIMENTS TO ASCERTAIN WHETHER ANIMALS IN THE ENDEMIC AREAS OF Kara
AZAR HARBOUR THE PARAGITE.

A veriety of mammals, birds, and fishes in small numbers were examined.

Filaria were found (squirrel and dog) and an unrecognized parasite in the liver
of g flying fox (Hemogregarine ?) but no Leishmania were found.

Dogs (22) from the bazar also examined for ecto and endo-parasites.
Spleen smears shewed no Leishmania.,
Result.—Nil. .

(proceeding)
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'EXPBRIMENTS TO ASCERTAIN THE FATURE OF BITING INSROTS IN THE EPIDEMIO AREA.
A ooll8ction of biting flies, mosquitoes, ticks, lice fleas, and other ectoparasites
have been made and forwarded to Mr. Howlett for identification. ' ’
The prevalent species of anopheles are N. Rossi and N. Fuliginosus.

(experiments proceeding)

EXPERIMENTS TO ASCERTAIN WHETHHE KALA AZAR MAY BE TRANSMITTRD TO ANIMALR BY
INOOULATION.

The material used for inoculation was the juice from the spleen of a boy whe
died of kala azar.

The spleen was pulped in a mortar with normal salipe and the emulsion, which
was rich in Leishmania Donovani, injeoted into the animals within 14 hours of the
boy’s death.

White mice—Number injected. { lg:g:itgi_ 112

Ezp. No. 10.—Inoculated 1 ce. of emulsion into the peritoneal cavity of a white
mouse, 21st August 1912.

The animal wasted and died seven days later. Leishmania were found in the
spleen smears in small numbers.

None in the bone marrow, liver, kidney or other viscera.

An emulsion of the spleen of this mouse was put into white rat No. 25.

This animal was killed one month later it was well nourished and did not reveal
Leishmania infection either microseopically or by culture. (Rows mediam.)

Flying Foxes (Pleropus edwardsi).—Three, injected by the peritoneal route;
each with about 3:0 cc. of human emulsion (one No. 16 escaped a few days later).
Exp. No. 17 died 16 days after injection. A large abscess was found in the
abdominal wall when the injection had inadvertently been given.

A good many degenerate but easily recoguisable. Leishmania were found in the
pus and one large endothellal cell was seen which contained about 30 Leishmania
~ showing early degeneration.

No parasites could be found in the internal organs.
Ezp. No. 18. Flying Foz.—Received 3 cc. of emulsion. Was ailing and was

killed three weeks after injection. It was well nourished and fat and no obvious sign
of disease was found in any organ.

No Leishmania were found in the spleen bone marrow, liver or lung.

A few discrete and typical parasites were found in the pancreas and fewer still
in the kidney. In the latter organ one large endothellal cell coutaining 13 typical
parasites was seen., .

The intestine carefully searched but no uleers were found and seraping from
various parts did not reveal anv Leishmania.
Resull.—Positive,

Monkeys. (Macacus Rhesus).—One large monkey received 10 ce. of the human
emulsion by the mouth, '

Two months later this animal, which showed no sign of disease, was killed and
its organs exhaustively examined.

Result.—Nil.
A second monkey was given 5 ce. of the emulsion by the peritoneal route.
It remained healthy, and after two months and ten days was killed.

It was fat and well nourished and exathination of all the chief organs (including
haenllo lymph glands suprarenal, mesenteric glands and pancreas) gave negative
results. ' '
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Monkey.~No. 18.—Received 5 ce. of the human emulsion on 21st August 1912.

A month affer: injeetion liver puneture revealed the presence of «Leishmania
Donovani in small numbers. :

The general health seemed unaffected and there was no apparent loss of weight.
A month later (i.e., two months from the injeetion) it was again examined. The
spleen was found to be enlarged and was readily palpated through the abdominal
wall. Spleen puncture showed the presence of Leishmania in fair numbers,

Ten days later it was killed. Leishmania in fair numbers and discrete were
found in the spleen, a very few in the liver but none in the bone marrow or any of
the abdominal and thoracic organs. The condition was one of early kala azar
infection and up to the time of death the animal appear to be healthy. |

Result.—(1) One out of thirteen white mice was infected with Leishmanda,

(2) None out of seven white rats was found to be infected.

(8) Both flying foxes innoculated showed the presence of Leishmania after
short time (one infected only at injection site and the other had an early general
infection).

(4) One out of two monkeys became infected a month after inoculation and
later showed early generalised infection,

(5) A monkey fed with infected material showed no infeetion two months
later.

-~ ANiMaL EXPERIMENTS PROOEEDING.
1. 26th September 1912.— Ezperiments to asceriain whether o monkey (macacus

rhesus) will contract kala azar if it is fed on water taken from a tank which is at intervals
Jouled by the faeces of Kala Azar patients. '

-~ 6th November 1912.—Lever puncture — ANe‘gative'.

I1. Further experiments to ascertoin whether certoin animals are susceptible o kala
aear—-The virus had been passed from man through a monkey (Experiment 13). The
parasites in the spleen of this animal (killed 1st November 1912)were somewhat seanty.

Flying Foxes.

- Experiment 28 received 10 cc. splenic emulsion by peritoneal route.

2] 29 » - B ec. 2 )
. 30 b co. 3 "
" 36 10 co. s the mouth
w . 87T X " rubbed into searified skin.
Monkeys.
Experiment 31 received 5 ce. splenic emulsion by peritoneal route.
» 382 , oo - ”»
White Mice.
Exzperiment 33 received 1'5 co. spleniec emulsion by peritoneal route.
» 34, 15 ce. »
Kitten.

Experiment 36 received 5 co. splenic emulsion by peritoneal route.
(proceeding).
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PROGRESS REPORT ON *“SOME ORSERVATIONS ON THE
EPIDEMEOLOGY OF KALA AZAR IN MADRAS”

By Vishnu T. Korke, L.M. & 8. (B’bay), M.B.C.P. (£dn.), D.T.M. (L’/’ool),
on Special duty, Kala, Azar Enguiry.

I. DisrrisuTioN oF Karna Azar 1N MADRA4,

The early history of kala azar in Madras is not available,

From the study of the Geueral Hospital and the Royapettah Hospital records, from
-June 1903 to September 1912, personal investigations in the city, interviews with
-the oldest medical practitioners and residents, I can safely say that Georgetown
(once called ¢ Black Town ) is the cradle of kala azar.

It grew and spread northwards, westwards and southwards (limited eastwards
by the sea) by the main arteries of human traffic infecting them on its progress.

I bave studied carefully an area of nearly 8 square miles and came to the
conelusion that the process of perm®ition of kala azar is very slow.

In the last nine years kala azar has not diffused evenly more than 2 miles in
any direction of Georgetown.

Roughly speaking then the chief endemic focus of kala azar is restricted to an
area whose radius is nearly 2 miles and whose centre is the heart of Georgetown.

The cases reported from the outskirts of the city, are more exported than original
-ones. ;

Patients are usually advised to change their residences and they usyally select
.a spot outside of the endemic area but at a-convenient distance from the business
. quarters of the city.

The only.exception to this statement appears to be Trlphcane

[ am not quite sure from personal observations whether kala azar ex1sts here,
‘a8 the majority of the residents are Mohammadans and the correct investigation

-amongst them is a task not unattended with difficulty. They seem to be the last
-to seek the'advice of the modern medical men or in the modern institutions.

Colonel Donovan informs me that the cases living in Triplicane eccasionally
come to him especiall y near and about Peter’s Gardens.

Exocept for this small endemic focus, it is not possible for me to say whether
/kala azar exists in other quarters of Triplicane.

Tasre L

Divisional distribution of Kala dzar.

'The records of the General Hospital and the Royapettah Hospital (1904—1911)
in numerical order.

Division. . Population. (;If‘?;{::::i'

‘(1) Georgetown .. ... 142,808 568
'(2) Royapuram . . .. 76,073 103
{8) Vepery and Choolm S e 71,209 94
'(4) Purasawalkum, Egmore and Pndnpet o 23,117 84
(5) Chintadripet e 26,752 55
«(6) Triplicane and Mount B.oa.d vee 71,494 51

(7) Perambnr .., v 24,999 82
«8) Royapettah and Teyna.mpet .. 84,358 28
{9) Mylapore ... e 20,254 21
(10) Nungambaukam .., . 11,781 15

(11) Kilpaunk - ... e 15,180 9
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(a) Density of population and the endemie focus,

The figures from 1871 to 1911, or for the last forty years, show that Madras is-
increasing in population. The census statistics (up to 1908) of birth place show
that this is largely due to immigration from the neighbouring districts of Chingleput.
and North Arcot.

Between 1891 and 1901 the great ratio of increase was 12'6 per cent., but in
parts of Madras it is still higher.

Owing to establishments of cotton mills, railway workshops, quarters and.
bazaar of a native regiment, the number of people in Perambur and Vyasarpadi
have more than doubled in the last thirty years and the same may be said in certain
quarters of the city. '

The emigration statisties show that large numbers of persons left Madras for-

_other countries by sea, but only a small portion of them were natives of the city

itself. :
The average number of persons living in each occupied house is nine, while in
the heart of Gteorgetown it is as high as thirteen.

This overcrowding of Georgetown is an important fact, in addition to very
defective hygiene, when one finds that Georgetown is the chief endemic focus.

(8) The nature of kala azar.

Kala azar as it appears in Madras is purely endemic. There is not the slightest
evidence to show that it ever ran in epidemics. The close study of the census *
figures, the returns of births and deaths, the divisional mortality, clearly show that
the presence of kala azar has had no appreciable effect on them. '

The divisional * mortality shows that deaths from ¢ fevers and malaria” are
higher in Georgetown and Royapuram than in other divisions,

Many of these deaths are due to kala azar, as one knows that the existence of
kala azar is recognised there. Before the days of discovery ¢ fevers and malaria *
would have been mistaken for kala azar. Thus from the divisional mortality
alone, it appears that Georgetown and some portion of Royapuram are the endemie
foci of kala azar and that the increased death-rate of these divisions is partly due-
to this circumstance.

On the whole, the population is increasing, though there is decrease amongst the-
Eurasians by 1,000 or so within the last forty years.

Eurasians are more or less a stable community and this decrease may be-
accounted for by the natural causes and forces. How far kala azar played a role,
in the decrease of this nationality, I will refer to in the ** Race Incidence.”

Out of 480,094 patients who sought advice in the General Hospital (both as
in-and ount-patients) during a period extending over eight years, 1,264 proved to be-
cases of kala azar,

In other words, out of every 380 patients examined, one was identified to be a
case of kala azar in the above period.

In the Royapettah Hospital (1911—October 1912), the proportion is one case
in every 134 patients, the higher ratio being probably due to the fact that the-
present medical officer (Colonel Donovan) has specialised in this disease.

From table I it will be easy to see the divisional distribution of kala azar-
in the city. -

Kala azar in the Presidency.—There is every reason to believe that kala avar is
also to be found occasionally outside of the ecity in the Presidency. Two positive-
cages of kala azar came to me, one from Cuddalore and one from Madura. [ have
seen one positive case at Trichinopoly--a fakir who ecame wandering from Malabar.
He had never been on the north of Tanjore. -

A few cases were shown to me at Mandapam, where malaria is so common. Two-
cases were the picture of kala azar, but as yet I cannot give definite opinion as
1 have not examined the slides.

* See Tables Nog 4, 5, 6 and 7, Appendix.
[y
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II. SeAsoNAL INCIDENGE.

A study of the relation of the number of cases in the General and the Royapettah
Hospitals (1904—1911) with that of rainfall, temperature and dew-point (which are-
essential factors in the seasonal variation) shows no definite eorrelation between
these individual factors and the cases.

The charts compiled by me (from 1904—1911) show that kala azar is endemic-
and that sporadic cases occur from time to time. (The charts have not been repro-
duced in this paper as they show negative results.)

The fallacies in making these charts are the following :—

(1) That a case does not necessarily come for aid in the early stage of the
disease. ' _

In the majority of instances one usually sees a late clinical picture of
kala azar.

(2) That there is no pathognomonic sign or symptom to indicate the commence-
ment of the disease about which a patient may give definite history.

Two early cases under my observations came for dysentery and one for

enterio symptoms. The blood examinations showed parasites of kala azar.

(8) That the inoubation period of kala azar is not settled as yet, and the
statement of the patients as to the duration of illness is often erroneous.

A patient usually dates the commencement of his illness from the time when he-
is actually ill, either owing to kala azar fever, or its complications (dysentery,
diarrheea, eto.). Consequently one does not get the right clue as to the probable date-
of incubation and hence of the season.

The lowest mean temperature in Madras does not even approximate the
optimum temperature at which the Leishmania parasites thrive in a culture. Hence
to say that kala azar in Madras is a disease of the cold season (as has been
diaduced by other observers)appears to me to be open to argument on this observation
alone. .
It may be possible to get some clue to seasonal incidence by studying the
epidemiology in Madras for a couple of years continuously, but up to date no such
study has been undertaken.

II1. Racr INCIDENGE.

The proportion of Muhammadans and Christian inhabitants in Madras city is.
higher than in other parts of the Presidency, there being 113 Muhammadans and
80 Christians in every 1,000 of the population against 64 and 27 in the Presidency
as a whole. ,

Tamil and Telugu castes largely predominate. Brahmans are more than usually
numerous forming 8 per cent. of the Hindu population.

The Eurasians mostly reside in the ‘ endemic area.” In some portions of
Greorgetown as many as four families (with 10—15—20 inmates in all) reside in a.
small, low, one-storeyed house.

The Eurasians as a class may serve as the “ index * of kala azar in Madras.

They are first to seek the medical advice and hence the detection of kala azar-
is facilitated in them.

The majority of them stay in the endemic area and virtually they are in.an
identical condition with others who reside in the most ecrowded and the endemic area.
‘ From the records of the hospitals for the last eight years, one finds that there is

one case of kala azar among Eurasians to every 40 of the total Eurasian population

(or 2'5 per cent.). | . _

This high proportion serves to show how readily kala azar is detected in
them and how prevalent it 1s,

After Eurasians kala azar is most readily detected in the educated Hindus.
the next among the “ other castes ” and the last among the Muhammadans. Iri
Hindus the proportion to the total population is 1 to 611 (16 per cent.). '
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Race incidence, 1904—1911.

Nationality. Mean of two consuses Té:.::: Proportion to Percentage
(1901-1911). (1904-1913), | total population.
PER CENT.

Euraeians . . . . 10,775 270 1in 40 2:5

Hindns . . . . 418,379 676 lin 611 ‘16

Other castes .. . . ++ | In censuges, Indian Christians 281 . e
and other castes have
been counted collectively,
hengee itis difficult ¢o strike
proportion  and  per.
centage.

‘Mubammadans .. . .o . 50,184 - 37 The number of cases is not the corraeh,
indication of kala azar in this
oommunity ; hence the percentage
would be erroneous.

Race incidence (January —September 1912) as drawn from hospital and private observations.

Positive cases Positive cases
by blood by olinical
examination. observation.

Eurasians .. .o e .. .. .. 14 3
Hindus - .o .. - .o . 32 18
Other castes - . .. .. ‘e ‘e 16 4
Muhammadans .. .o .o e .o .. D 3
Total .. 67 28

Race incidence and age and sew imcidence (1904 —1911).

Eurasians. Muhammadans. Hindus, Other castes.

F g g ;

g D 1 P . @ . g
Year. gl = £ (2 § -';E § S | Total.

151 E L ERE: 213

£ 4| o g 15| . | & |52 § 129

g 4|« E g1 3 |o |2 & 2 A B S - I R

2 Elg| 3|2 lg|Ele |8 (2|82 15|25

= B & [ - B - = = RRE (5SS |=
1904 .. Ve 18 9 1| .. 4 R 68 11 ] ., .. 80 | 71 1] .. 149
1906 .. ..| 48 25 | 17 9] 8 ..l ns| 18y 1| 1| 86! 6| 6] 3] 28
1006 .. .. | 14 9| 3 1! 8 ol 75 18)..0.. 26 18} 8| 1| 172
1907 .. .. 7 8| 2 4] 2 .. 63 16§ 3. 240121 .. .. 140
1909 .. .. 10 3! 1 1) 4 . 43 81,. 17| 6} & 1 97
1908 .. .. 10 8| 2 al 8| .. ... 61 10/ 1 2811 1] 1 128
1910 .. . 28 61 1 1 3 2 [ 66 141 7( 1 22| 6| 4] .. 156
1011 .. Lo 2| 8 3| 4 1 . 66 10] 1] 2| 0] 5( 8/.. 187
Total ..| 154 | 66|30 | 31 (84| 8|.. |. | 660| 90 13| 4| 187 |64 |24 | 6 1,204

4

IV. A¢e anD SEX INOIDENCE.

The proportion of the inhabitants between 20 to 40 years of age is as high as
one-third of the total. The proportion of women to men is nearly equal, ¢.e., 98 to 100.
‘The analysis of the age and sex incidence from the above table shows—

1904—1911.

R
Age and sex, Euorasiane, Hindus. [(Other castes. 'Muhammadans,|
PER CENT. { PRE CRNT. | PER OENT. PER CRNT,
Adult male 10 years upwards . . . 67 828 866 918
Adult femsle 10 yoars upwards .. o e 24 146 7 82
Male child below 10 years.. ‘e . . 111 19 86 e
Female cbhild below 10 years ., . ‘e 77 5 ‘2l .
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It appears from the above fable that— :

In Kurasians, males are affected twice as often as females, and the adults are
effected four times as frequently as children of either sex. '

The figures ahout children practically agree with those of Rogers (20 per cent.)
in case of Hurasians at Caleutta and Assam.

In cases of other nationality any inference from the figures is fallacious.

8o then kala azar affects all nationalities of all sexes and ages,

This observation is not a new one and only supports opinions of previous-
observers,

I began to investigate kala azar in Madras from April 1912 and the observations
recorded below include a period of six months (September). | '

The following is the analysis of the cases which have come under my observ

tion—
Total positive cases (blood-examination) ., . .o ‘e 67
Total positive cases (clinically) where blood-examination was nega-
tive and I had no further oppurtunity of examining the blood. . 28
Total stispected kala azar cases, which proved to be other diseases
subsequently. . .. .. el . .. 4
Shown %y various medical men. (Some of them were already
treated in the hospitals and so were recorded before).
The others were treated privately .. . e e - 45

Total .. 184

Age and sez incidence in the above cases (January— September 1912).

—— ] Poeitive Positive ‘
: l (blood.) clinigally. Percentage.

Adult males 20 years ppwards .. it L 22 12 357

Adult fermales 20 yvars upwards .. a- - 10 . 10°5
Adult {male) = C)’ child 10-20 years .. e o 15 4 . 200
Adult (female) = &, vhild 10-20 years .. 5 ¢ 94
Male child before 10 years .. . o - 10 (] 16-8
Female ohild below 10 years . .~ . 3 2 73 .

Percentage figures of children under 10 years aud between 10 to 20 years of age
agree with those of Rogers’ in Assam.

V. Kava AZAR ITR RELATION WITH THE Housgs,

There i3 a strong belief amongst those working at kala azar and in the profes-
sion generally that kala azar iz in some way connected with houges.

Patton’s work on the bedbug theory of kala azar lends support to this belief.

I undertook special investigations to throw more light on the subject and to
study the nature of such houses from the epidemeological standpoints.

The evidence is in a preliminary stage, but certainly it throws light on the-
subjects, and opens out diffrent channels of hypothesis which must be confirmed by
the collection of more evidence.

For a working hypothesis 1" define these houses as ¢ limited infected centres
which either, remain iafective all the year round or give rise to periodic outbreaks
of kala azar.” ‘

The objects in studying the louses was to find out, the presence of any fresh
case—

(1) either among the ¢ contacts * of a case (recovered, gone away, suffering or-
dead).
2
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(2) or among new tenants of these houses who have never come in contact
with the previous case in the house, but who only occupied the once
infected or? infective house.
It is not possible to give the evidence of a single house studied in this way,
ndividually, so 1 arrange and sum up the evidence in a tabular form :—

(Evidences 1903—September 1912).

(1) Occurrence of a case among “ contacts” with a kalaazar case.

(@) Study of the houses in which more than one case has oceur red—
History of 26 such houses was studied in which 67 total cases have occurred.
Remarks.—There is ample evidence to show (see tables A, B and C.) that
case to case infection has occurred. It may be that the infection has died out now,
and consequently at the time of my investigations, i, April to September 1912,
all the inmates of these houses were found to be healthy. -
(6).—Study of the houses in which only one case has occured :—
Remarks.—Three hundred houses were inspected which onee harboured a case
of kala azar. The summary of the evidence 1s as follows :—
_ (¢) In some, “contacts ” of the ecases which occurred here have been
traced.
(5) In some, original cages are still to be found.
(¢) In others, cases are dead or gone away, all the traces of their contact is
lost and now the houses have been occupied by fresh tenants who are healthy.

(2) Occurrence of & case among fresh lonants of houses, who had never come in contact
with the actual case, previously inhabiting the house.

Remarks.—Among 26 houses in which more than one case has occurred and
anong 300 houses, in which only one case has ococurred all the present inmates are
found to be free from the disease; I have not given the actual number of the houses
which are occupied by fresh tensnts, but the evidence seems to be comprehensive
when T record that all these 326 houses are free from kala azar except for some of the
original cases which are still residing in them.

On the whole I sum up the general conditions of the nature and hygiene of the
houses.

1) The houses in the ¢ Endemic area,”’ are what are called * Inward looking
houses of the tropics.” A rough diagram will better illustrate than explanation—see
page 7 Fig. 1 and Fig. 2.



246

TYPE No. 1. “Inward looking Houses.’
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Case

number.

1
2

© o =™

10
11

12
13
14
15
16

17
18

19
20
21

e
~

Kuala azar an household infection and also where tts presence is accounted for.
through a « contact.”’
Evidence—
(1) In household infection—uide Table A.
(2) Outside household infection—vide Table B.
.(8) From institutions and residential quarters—vide Table C.

TasLE A,

Evidence to show that kala axar is an household infection—(not a house infection).

Name, etc.

H.%s, child 1 e
child 2
T. male child

“do. e

G. C. female child.

H. C. male child. .

D. D. & child
M. D. © baby

V. D. x child
R. D. 7 child
Y. 0. 10 years.

Ev.
M. C. & 5 years..

‘8. C.vo 10 years ..
J.Js. 2 children ..

Master A., Euras.
Miss L. A. .
Miss H. A.

C. L .o
Mrs. C. 1.

A, C. D. ©o|Eur..
I.D.g ..

B.8. 13 'b'Eurl..
TL8. 208%

Hospital, 1911

Remarks—about relationship,
ete.

Brief details of the case.

Private—K.A.

K.A,

Private—Came from north? K. A
April 1903; mixed with cases
Nos. 4 and 5, and used to ocoupy
the same room, April 1903—
June 1903 ; had diarrhoes at the
time; left Madras in June 1903;

Brothers. )

both died subsequently aitor-  Cousins.
wards.
Eight months later after mixing?)
with case 2 and 3 hegan to Bister and |
suffer ; signs of K.A.; died. brother. J

Kight months later after No.4 }
manifestation of disease showed ‘
signs of K.A.; died 3 years
later.
Private—-+ K.A. (Donovon), 1908. j Slster and brothers.
Died diarrheea, dysentry (),
1909,
? KA. recovered, 1909 . »Clinically K.A. oases. L am.:
not aware whether blood
? K.A. recovered, 1910 ‘ examination was positive or-
‘ negative.

J
+ K.A. ) Brothers and sister. Very
I likely contact from case 16,

Hospital, 1912 PKA. who was suffering at the
i time and removed to the
Hospital, 1911 + K A, ) same house,
Hospital, 1905 + KA.
Private— Recovered + K.A.
Recovered .. *t i—KI? A Brother.and sisters.
died.
Hospital, 1911 + K.A. \ Husband and wife. Their
Roy. Hosp1tal 1912, ... + K. A. [ two children died. Causes
not disgnosed.
Hospital, 1911. + K.A,; died. |\ Nephews. Livingin the same
P Hospital .. . house,
Hospital, 1911, + K. A dled Brothers.

Private—1912; olinical signs K.A.; Living in the same house.
blood exammatmn nega.tlve
Pt. gone scuth country. |
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TaBrLe A—cont.

Bvidence to show that kala asar ie an household infection—(not a bouse infection)—oont.

nl?:;gn.or. Name, eto. Brief details of the case, Rewarks abgz’c‘: relationship,
23 N.A.0Hindoo .. Private+ K. A. Donovon recovered. ["Brother and sister. Brother,
father, mother, sister of
24 Misms A, .. Died 1911. PK. A. ..{ No.-23. died in the same
| house within two years
L oases not diagnosed.
25 M.L 8. Mhga ..) Private—Died 1909 + K.A. I
26 Master ., .. | Died 1909 + K A. Brothers Nephetw, tunple,
27 Mh.T.S. 6 months later (after death of 25~ Husband L i M’
1 %1& ?6)-——81gns of KA + KA. and ] }J%use e same
| ied 1910. wife., ) )
28 Mrs. Do. .. ..} 6 months 1later 27 wife + K.A. Incubation appears to be six
Died 1910-11. months in cases 26, 27, 28.
29 Mrs V. C. Private— + K.A. Died 1907 .. Wife " and =y
husband, aiug ter-1n-
30 Mr.V.C. a b EA Died1008..1Son wnd low, mother
31 M. V.C. PK,A. 1912 .. mother,

From the details of history
1?cubat1€lxl1 appeal;o’so to be
six months in case

3% Miss S, Ay. .PH Private— + K.A, o }S t
33 8ister . . + K. A, D1ed .. frseers.
84 R. Me.gE. . Hospital 1910 4 K.A. Died ..1 4 ,
36 Mrs. Mo. . Hospital 1909 4+ K.A. Died .. }Husband and wife.
36 Mr F. 233 E. Hospital 1906 + K.A. «+ \ ¢ Brother
37 é{rbn‘. 103 E. Hospital 190[2 + KA. 0 >
38 . D.s5 Eur. Hospital + K.A. N T I
39 J.D.gEur .. Hospital + K.A. .. .. } (Cousing in one house.
40 Miss F. .. } Hospital 1905. Died . -+ | Qigten
41 Mies . Hospital 1906, Recovered . s
42 8.M. Mh.@ Private + K.A, 1909 Brothers
8.M. Mh.& K.A.1912 - e
Two years’ duration, clinically
positive case. Failed to find para-
gites (two examinations).
{Case 45. Used to
43 Ch.oH... .. Private. Died? K.A, 190567 .. Sister.| visit her auntstay-
44 Mrs, N.PH. .. >Aunt 43,46 + K.A. Died 1910. Aunt. { inginan alternate
45 P,oH. . Recovering + K.A. 1911 .« Sister. honse. 43 case
died.
46  Mrs, C. Hospital 1911 + K.A. Living .. (Bister and brother and stay-
47 R. 8. Hospital 19011 + K.A, vamg ing in one house for
1912, some time.
Tarrz B.
Evidence from outszde household mfectwn
1 G. Hospltal + KA. Died
2 G, ] Hospital + K.A. Died . }Brothera.. lSe;\lr:;xtt;r and
3 K. P >Hosp1ta1 + K.A .- .. '
4 C.P. . Hospital + K.A, Died .. Servant of) Used to sleep
No. 8. in one
5 R.L ‘Hospital + K.A. Died .. Stranger. house, -
_ ( Tho(xllgh livit&g at different
. . . addresses No. 7 was cone
,? g ‘i[N' % C gr!va.:e + %i g*eg J stantly nursing No. 6
4 rivate  + K. 16 during his illness, caught
infection and died.
(Not related but ocoupied
R | same quarters both in and
58) é IR w © %{Hos%ni.al + :]é ﬁ B?eg «+{ outside of Madras; both
< el : ospital  + e | died in Rayapuram in one

{_ house.
3



Case
numbe:

1

[~ T ]

O oo-I

11

12

TarLe O,
Evidence from institutions and residential quarters.

InpusTrIAL ScmoOL.

Hospital cases.

Bemarks about relationship,

r. Name, qtq‘.’ . Briof of details|of the oase. oto.
JJR.133a E .. 1905 recovered + K.A. ..y Nos, 1 and 5 probably one
- common source. Had
HR14g E.. 1905 (died) + K.A. ‘e common address outside the
institution, got  fever
RM12gE .. 1905 (died) + K.A. . simultaneously though.
¢ troated in hospital at
LRI1g¢E .. 1906 recovered 4+ K.A. N different periods.
Nos. 2 and 3 probably one-
P.Il.g E .. 1906  recovered 4 K.A. .. ) ocommon source, attacked
| simultaneously,
PrEsENTATION CONVENT.
S.H. » 19 Bur. 1906  Hospital, + K.A, ‘. .
S.H ©10Far 1907 Heesitsl 4 K., | Probably sisters
D.F. © 14 Eur.,, 1904-05 Hospital, + K.A. ve
R.L. o 7Eur... 1905 Hospital, + K.A.
Quazrrers, Puupineg Sarion, Bavaruram.
Ch.T.39 & Eur. 1905 Hospital, + K.A.
Mr. W, 29 o Eur. 1905 Hospital 4 K.A. ..
(died).
QuarTERs, Ravaruram MEDicAL ScHOOL (ASSISTaNT SuRaEON's),
Cases—Table A, Nos. 1,2, 8,4, 5,6,7,8, 9.
Private.
Dr. &’s 2 children. 1911 +K.A, .. At ++ Recovering (August 1912).
1911
TasLe D.

Evidenos indicating that Kola Asar oceurs and spreads through one communily in a stree,

more or less through the exclusion of those of other nationalities.

Total Nuzb Totl;al .
number of m ber namber o Number of
Name of strest and year. housga acoupied ‘;’m‘:‘,‘:;“ hons;; zt:;):-piod 08568 AMONE
biyn lt*.:;as:::s Eurasians. Eurasiane non-Eurasians,
year. in the year.
1.-Portugess Church Street (Georgetown)— .
©1904 L. - o . . . o | Information not 1 Information not 1
availuble, available,
1906 . . o . . . Do, B ‘. 1
1907 .. e o N .. .. . 33 2 3 e
1908 . Ve Ve .. e ‘e . 40 2 28 ..
1910 .. . s e .. 'e . 23 B 20
1911 ., o . , P . 81 2 8
‘Fotal .. . by o 2
2. Firet street (New Town) ~ : 7
1904 .. . N v+ | Information not 3 Informaticn not
available. available.
1006 .. .. . . .. e . Do. 2 Do,

. 1906 .. . . e e o . 21 1 . .
1998 .. . e e . . . 26 1 2, 1
1909 .. . .. . N ‘e . 9 1 . ..
1910 .. . e . . e .. | Information not 1 Information not

- available, available.
1910 .. .. . L. ‘s . .. Bo. . ‘e 1
Total ., |- .. 9 — 2




Evidence inélicatz’ng that Kala Asar ocours and
more or less through the exclusion of those of other nationalities—cont.

A%

TasLe D—cont.

spreads through one community in a street,

nuﬁ%f:} of Number nui%gl of Number of
Name of street and gear. houses oooupied 05133‘:? hous;; ‘;%ol':_p od 08568 amMOng
A %{; as;:;t;s Enrasians, Eurasians non-Eurasians,
year, in the year,

3. Mada Church street, Rayapuram— 4 1 ? e
906 .. .. .. o ol , ? 1
1906 .. - e . 27 1 12 ..
1907 .. .. e . . . 28 1 19 e
1908 .. .. .. - 28 1 19 N
1909 . . o 40 1 8 .
1911 . 37 4 18 ..
912 . . P 1 ¢ .
4 . . . P 2 4 .

Total ., Ve 12 o 1
4. Jones street (Georgetown)—
1905 .. .. . . P 1 ? 1
1908 .. .. . .. o 28 1 4
1910 .. ‘e . e .. 24 2 7
14 N . . A . P 1 ?
Total ,. b . 1
§. Bamboodoss street (Georgetown)—
1964 . .. . 4 2 4 ..
19056 .. . 4 . f 2
1906 . . . . . 22 1 8 R
1910: .. .. . . 85 1 17 .
191% .. e .. e P ‘e # 1
Total _ ., YRR 4 3
3, Qil~-Monger's street (deorgetown)— A
* 1 P .
w04 .. LS e { 4 ! ! .
19005 .. . . . . . ? 8 P ..
1009 .. . . . . i 12 1 6 .
Total .. e 6 . .
7. Franois Joseph street (Georgetown)—
1904 . . . . . . . P 1 ? .
1907 .. .. .. .. . e e 9 1 1 o’
1908 .. . . . . . . 11 2 4 ..
1900 .. .. .. . . . 8 3 4 .
1910 .. .. BN . ‘e e . i1 i 4 .
1011 . . . . .“ 9 4 2 o
Total .. . 12 . ..
8. Maddox strest, Vepery — *—
1006 .. . . . o . P 2 ?
1908 ., . . o . .- . P 2 4
910 ., o . " . . . 28 1 11 .
Total ., . ] .
9. Arathoon Road, Rayapuram~~
1005 .. . . . o . . 4 2 P ..
1008 .. .. . . . . 15 1 4 e
1908 ., . e o . . 13 2 7 ..
11, . . . . . 13 1 7 .
Total .. . 8 ve .

10, Mariadoes strest, Rayapuram~— ~
1910 , . . . . . v 18 2 6 .
1911, . . . . . . 6 1 3 .

Total ,. ] . e
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General remarke—

(1) Almost all the houses harbour bugs.

(2) Hygiene, in majority of them is extremely defective.

(3) The majority of houses in Gleorgetown have well and sipe water-supply.
(4) Many houses in Geergetown are very overcrowded and inhabit as many

a8 four to five different families, the inmates sometimes amounting to twenty in
number.,

Thus from all the evidence brought forward, it will be clear that houses them-
selves play very little part, if at all, in transmitting infection.

It may be contested, that my observations extended over a period when the
mean Madras temperature was comparatively higher than the rest of the months, and
that my period of observation was rather short ~ Granting the objection to be admis-
sible, the evidence is undisputable, and it only serves to show that so far no case
has oecured in so many houses, in which one expects to find a case—if one accepts
the hypothesis that house plays an important réle in the infection by Kala Azar.

There is one fallacy on which I wish to lay particular stress and that is in
supposing that a particular house is a * kala azar house ”

I wish to illustrate that fallacy by an example.

Say a house No. 15 shelters four differents families, A, B, C, D, which is not
an uncommon condition in Georgetown. ‘

In December 1910 a case occurs in family A. The case stays for six months,
~dies and the family members then go away to another locality.

In December 1911 another case occurs in the same house, evidently now in one
-of the families B, C, D.

To a casual observer the oconrrouce of a fresh case in the same kouse after a year,
may mean that house No. 15 is infective  But the present ocourrence of the second
-case can be explained as well as by * contacts ”’ with the case in family A

(For evidence of “‘ contact” see tables Nos. A, B, C.)

In Madras I have very often observed that a case is usually traced lo a case
with which the former has come in * contact’”’. The examples are more numerous
amongst Hurasians, for [ have said before, that cases are easily detected in them for
various reasons. 'I'heir statement is generally intelligent one. 8o then it appears to
me that a presence of a previous case explains the existence of another, but in what
way I am unable to state at this stage of my investigations., At present my coneep-
tion of a kala azar house can be better explained and understood, by giving an
example of a ** yellow fever house”.* The conditions between the two ¢ houses ”
differ in the following way. Infected stegomyia are in or about a particular house,
~ in which a case has ocgurred. It is immaterial then, whether a case exists there or
not. So long as there are infected and infective stegomyia present, a suseeptible
fresh comer will get infected. If the presence of stegomyia is forgotten for a time
being, it would give one an impression that the house is a *‘ yellow fever house .
The contacts with a yellow fever case is not necessary.

But the same does not appear to be the case in Kala Azar. The house as far as
my evidence goes does not play an important part, but the case would appear to do
80 and herein lies the chief difference between these two examples.

VI. InouratioNn Prriop or Kara Azax.

It 1s difficult to determine the incubation period of kala azar in an endemie
area. The same difficulty is experienced as infinding ont the correet seagonal inei-
dence where sporodic cases occur. However, there are a few cases which throw
some light on the subject.

{w) Cases 2, 8, 4 and 5in Table A, show that Nos. 4 and 5 caught infection
from 2 and 3 in Apnl 1903. KEight months later No. 4 showed signs of kala azar,
and in October 1904, 7.e., sixteen months later case 5 showed similar signs. As the
latter is unusvally a long incubation period, I believe, case 6 got infection from case 4,
4.e., eight months. I cannot positively say that these four cases were absolute cases of

* ¢ Yellow fever honse " a8 was known before the disoovery of stegomyia as u carriar
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kala azar, as Nos, 2 and 3 occurred before the time of discovery and they left Madras
before that time ; case 5 died in 1907, and it was believed to be a case of kala azar.

(b) The study of cases 23, 24, 27 and 28 in Table A show that the minimum
incubation period of kala azar was six months.

(¢) Two cases came trom Madora, they were staying at Pamban for nearly
one and a half years and then came to Virudupatti (south of Madura) after that time,
stayed there for a year or so. Case No. 1, died at Madura afterwards and case
No. 2 came to Madras for the first time for diagnosis. These two cases were never inr
Madras before. The repeated blood examination was negative, so bone puncture
was done by Col. Donovan and he found the parasites in the bone marrow.

I have reasons to believe that cases were probably got infected at Pamban.

Four months after their stay at Virudupatti, the boys began to show signs of
kala azar. So the minimum incubation period was four months as Virudupatti
appears to be free from kala azar.

Dr. Row of Bombay writes me that in his infected monkey by leishmania
parasites (kala azar) the incubation period was 5 months.

This experimental observation, closely agrees with mine, and it is likely that.
the incubation period ¢s longer in natural infection.

VTII. * FaoToRS IN THE SPREAD OF KA1A AZAR IN AN ENDEMIC AREA LIKE MADRAS,

From the close study of all the evidence bronght forward and taking this evidence
in connection with household infection, house infection, “ contacts” and spread
in the same nationality collectively, I am able to summarize the facts in the
following manner. I have no pretensions to assert that the question about the above
factors is finally solved. This is practically a preliminary note, on the faets I
observed during my investigations. Further mvestigations will be carried out and
I may be able to support or disprove these facts by stronger evidence at some future
date.

In the first instance it appears to me that kala azar is an household infection.
This fact has been noted by some observers before me and this merely serves to
support their observations.

Secondly. It appears to me that for the occurrence of a fresh case, * contact *>
with a previous case is necessary. '

Thirdly. On the strength of the observations taken collectively that kala azar is
an household infection, that a contact appears to be necessary and its tendency to
run in the same nationality t—it then appears to me that the spread of kala azar is
facilitated by an intimate social intercourse where habits, manners and customs of
the people allow as such.

Fourthly. 1t these factors are finally proved and accepted, it follows as a corollary
that if a case of kala azar occurs in a particular nationality, the next case likely to
occur (apart from the household of the original case) will be from the same nationality }
(irrespective of the situation of the house 1n the same street) and whose social customs
admit a free social intercourse. I admit these to be rather bold assertions, but based
as they are on the evidence I have brought forward, they may be treated as provisional
at the present stage of my observations.

Fifthly. From the close study of the 326 houses, it appears that houses by
themselves do not play an 1mportant réle the infection of a case,

Sizthly. From clinical and other observations, I am inclined to believe that there
is a particular period in the course of the disease, which is more infective than the
rest. This has long been maintained by Donovan and Patton and U agree with
‘them. .

From the study of two early cases, I have observed that the disease began like
dysentery and enteric fever-symptoms.

» Study: of Tables, A, B, C, D. + See Table D (evidence on that point). 1 Stady Table DH.A
4
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In fact in a private case, the patients had no symptoms but dysentery and fever,—
-of two months’ duration coming off and on. There was no enlargement of spleen and
liver. I found the parasites in the peripheral blood- This clinical phenomenon is
strongly suggestive.  |inless I get more cases of this nature I am not in a position
to suggest any mode of transmission. 1t is a pathological fact that dysenteric and
enteric symptoms never manifest themselves unless there are intestinal lesions, and
when they happen to be in the initial stage of kala azar, naturally, it leads one to
think that intestinal mucous membrane is the primary seat of the disease. It has
also been taught by the experience of the diseases that wherever intestinal
mucous membrane is.the primary seat of lesion, the channel of infection is the
gastro-intestinal mucous membrane even if parasites appear in the blood, e.g.,
enteric is septicaemia icfection. But of course in typhoid and kala azar the
biology of the parasites is different and I cannot theorize on the observation of one
case alone. :

There is a school of thought who believe that the leishmania cannot thrive in the
fseces because leishmania cannot flagellete in symbiosis or in contamination. In
my opinion there is an objection to this mode of thinking. Pathologists are aware of
the fact that usually there 1s a terminal complication due to mvasion of other
pathogenic bacteria in long-protracted illness. Much more so in a post-morlem
condition and i organs. Patton’s and Macki’s experience has shown that the
rounded form of leishmania (as it exists in the body) from spleen—post-mortem—is
pathogenic to monkeys and white rats. My experience on. the same spleens. have
shown that no matter what aseptic precautions I could take, my culture media were
contaminated (for making cultures of leishmania). This was not in one case but in
as many cases in which Patton inoculated the animals, Under the above civcumstances
I succeeded cultivating leishmania dorovein on Row’s medium at 18-22 °. (.
(July 1912).  From the bone marrow from the femur of an infected monkey (Pattou),
four generations of suboultures were made and could be maintained only in an
ice incubator. ‘The first batch of culture kept at laboratory room temperature died
out in the first generation. 'This fact suggests me, that leishmania may not thrive in
cultures owing to contamination from the post-moriem organs, but still they are capable
-of infecting the animals. So then infectivity of the parasite and its capability in
growing in a culture, are diverse things; cannot the same be said in case of feces,
if at all parasites appear in 1t?

I only bring this controversial point to show that one cannot deny a possible
channel of infection on the strength of partial hypothesis.

It is a chinical fact that parasites appear in large numbers in the peripheral
blood-—

(2) When there are complications like’ diarrhoea, dysentery as observed by
Donovan and Patton.

(6) When there is pathological leucocytosis, like pus formation in the body.
I have got evidence of three patients in which parasites appeared in large numbers and
- in whom the post-moriem evidence showed that two were complicated by empyema
and one by pyo-nephrosis. ‘

These facts tend to support the idea that at that period from causes unknown to
ug, there 1s greater multiplication and discharge of the parasites from the endothelial
«cells and such parasites are picked up in large numbers altogether by the poly morphs.
‘Whether at this time parasites appear in the discharges, I cannot say.

VIII. CoxNcrLusioN.

So, on the whole, the evidence forthcoming favours either the insect or non-
insect theory.

Unless, therefore, the possibility of another channel of infection is negatived
by experimental evidence, there are still grounds to suppose, that the etiology of
kala azar is not finally solved.

In conclusion I have to thank the President of the Corporation, the Health
Officers and the Sanitary Inspectors without whose help I would not have been able
to do what I could do in investigations in so short a time.

Drs. Pinto, Rama Rao, Haller, Damrey, Ghouse, and the other medical practi-
tioners have not only shown me their cases, but also supplied me with the valuable
anformation, ' ‘
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Every facility was given to me by Col. Donovon both at the Medical College
and the Rayapetta Hospital and by the Medical staff of the General Hospital for the
examination of the cases. Finally T have to thank those who have materially helped

me in arranging the facts for this paper.

IX. APPENDIX QONTAINING CHARTS AND REPRRENOES.
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No. 7.
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AN ACCOUNT OF AN INVESTIGATION OF THE PREVALENCE OF
ENDEMIC KALA AZAR IN THE PLAINS OF ASSAM.

By Capt. T. C. MeCombic Young, I.M.S., Deputy Sanitary Commissioner, Assam.

A short account of the past history of kala azar in Assam may be of interest
by recalling the main facts of the epidemic of the 80’s and 90%. In the Province
of .Assam, the disease was first observed in the Garo Hills in 1869, and in 1882 a
gevere form of ¢ Malarial Cachexia ” was described as affecting certain areas at the
foot of the Garo Hills. This was believed to have first become operative as a
source of deficiency of revenue in 1875. This fever was probably identical with
the epidemic of Burdwan fever, which devastated the Burdwan division in the
decade 1860-1870, and the district of Rangpur in 1871~1876 ; and it was probably
a late extension of this epidemic, which had slowly crept round the barrier of the
Garo Hills, having been importer from Rangpur.

The disease having thus obtained a footing in Goalpara, then spread up the
Brahmaputra Valley vid the grand trunk road, on the south bank of the river,
through the sub-divisions of Dhubri and Goalpara to Kamrup, causing the heaviest:
mortality in Goalpara during the period 1882-87.

Kamrup on the southern bank being infected, the disease then crossed to the
north bank into the Mangaldai sub-division of Darrang and thence to Nowgong in.
1890. Heavy mortality occurred, espeeially in the latter distriet.

As a measure of the disastrous effects of the disease, it may be noted that in
Nowgong the fever death-rute rose from about 4,000 in 1891 by regular stages to
14,000 in 1897, and again declined to about 4,000 in 1902. It is calculated that
54,000 persons, or one-third of the indigenous population, died in this district during
the epidemic decade, and that one-fifth of the land went out of cultivation.

By 1896 the disease had reached the narrow tract of sparsely populated country,.
which gives access to the more open, alluvial plains of the Golaghat sub-division and
the Upper Brahmaputra Valley.

Here stringent measures to prevent infected persons from traversing this tract.
of country were put in force, the epidemic was stayed, and the Upper Assam Valley
was saved from its ravages.

Subsequently, the disease in its epidemic form declined almost to extinetion in
the parts first affected, and in 1901 it was considered that (ioalpara and Kamrup were
free from the epidemic, except for a few chronic cases in parts of the district.

In reviewing the history of the epidemic in Assam, we may note that the
disease took from ten to twenty years to go through its epidemic cyele in a district,
and that it spread as far as, aud no further than, the Golaghat sub-division of Sibsagar.

In the Surina Valley different conditions prevailed. Although a severe outbreak
of fever, with a rise in the fever death-rate, occurred in 1897, following the earth-
quake, the fever death-rate fell to nearly normal proportions the following year, and
the rise was probably walarial, therein differing from the 10 to 20 year wave-lengths
of the epidemic curves in the districts affected by kala azar. Furthermore, it had
previously been shown that the disease was endemic in this district. The contrast
between the heavy mortality caused by the disease in the Brahmapntra Valley and
the lightness of its incidence in the Surma Valley is one which is very striking, and
the explanation put forward by Major Leonard Rogers is of great importance and
interest. In this econnection he says ** the epidemic travelled through the virgin soil
of the rorthern valley previously unaffected by the sporadic form of the disease and
there found a.population fully susceptible to its deadly influence, and hence was able
to work such terrible havoe ™ o
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“ If this view of the epidemic is correct, it is clear that unceasing vigilance
must continue to be exercised to protect the unaffected upper part of the Assam
valley from the insidious extension of the disease, while a fresh outbreak may, in

the future, be lighted up by some such extraordinary suceession of unhealthy years
as caused the spreading epidemic at the foot of the Garo Hills in 1875 .

The subsequent history of kala azar in the provinee has not been marked so far
by any epidemic recrudescence, or by epidemic invasion of hitherto uaaffected
country. :

Officers of the Medical and Sanitation Departments, however, bave, within the
last three years, been reporting the existence of certain areas within which 1t appears
a8 if some still glowing embers of the disease, remnants of the epidemic conflagration,
are displaying activity. In the maintenance of that unceasing vigilance advised by
Major Rogers, early and careful scrutiny of the conditions attending any sueh
apparent activity is imperative ; and from the first the importance of doing so has
been recognised by the Sanitary Department.

I may first lay before you a short account of our knowledge of the situation in
certain of these areas in which the apparent activity of the disease had attracted
attention, and in which some preliminary work has been done prior to the commence-
ment of the larger survey, which 1 shall then shortly describe.

olaghat.~—As 1 have reminded you, it was in this sub-division of the Sibsagar
district, that the epidemic conflagration burnt itself out, and it was with regard to
this area that the need for future vigilance has been emphasised.

- Beyond this region, amid the higher reaches of the river, lie the fertile and
prosperous districts of Sibsagar and Lakhimpur, These districts are the seat of the
large and flourishing tea industry. The proteetiun of this industry, involving as it
does, very large financial interests, and one upon whose continual prosperity the
livelihood of a large population depends, an industry, furthermore, to whose vitality
and energy, much of the prosperity and advancement of the province in the past .is
to be ascribed, and in whose hands mach of the future industrial prosperity of the
provinee lies, is probably one of the most important problems to be considered
by the Sanitary Advisers of the Assam Admipistration. Any suspicious disease
activity in a fringe of country bordering on these hitherto unaffocted and populous
districts would give rise to some anxiety. .

That we have now cause for vigilance in this area, although fortunately not for
anxiety, may be gathered from an account of the sitnation as it is at present. The
higtory of our observations is as follows : — . ‘

During the rainy season of 1910, the attention of the Civil Surgeon, Captain
Morison, I.M.S., was directed to persistent reports of deaths from kala azar occur-
ring in the Khomtai Mauza, which were being submitted by the Mauzader, now. Rai
8ahib Dandadhar Barua, a delegate at this Conference.

These had previously been filed as fallacions and included in the fever
wortality returns. On visiting the affected area, however, Captain Morison was
convineed of the truth of the reports, and notified the existence of the disease to the
Sanitary Department. Measures for dealing with the outbreak were drawn up by
the Acting Sanitary Commissioner, and I was deputed to investigate the conditions, .

My own observations seemed to confirm the opinion of the Civil Surgeon, and.
the parasite was found in a post-mortem specimen of the spleen of one of the cases.

Major Christophers, TL.M.8., was deputed by the Governinent of India to
examine the outbreak. In the report which he submitted he stated his opinion that
the disease had probably been introduced into the district ten (or more) years ago,
and that it had progressed irregularly from the original foci, showing the typical
tendency of the disease to oling to groups of houses and families. L

He considered that there was no great tendency to assume epidemic proportidns'
at present, and he was doubtful as to whether it was really more prevalent now than

gome years ago.
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 He pointed out, however, that the infection is maintained by the presence of
“these secondary foci, and that so long as these exist, it is impossible to say when the
disease may not assume an active epidemic form.

Meanwhile, measures were being carried out to ascertain the extent of the out-
break, to prevent its spread, and to treat individual oases.

An Assistant Surgeon and a Sub-Assistant Surgeon aided by an Assamese Sub-
Inspeotor of Vaccination, were placed on special duty.

A detailed examination of the whole sub-division was undertaken under the
supervision of the Sanitary department. Every village, and every house of every
suspected village was visited, and the results rceorded upon a 1” to the mile cadas-
tra) survey map. o '

Clinical notes upon all suspected cuses were takeu by the Assistant Surgeon in
charge of the investigation, who also performed a large number of splenic punctures,
and microscopical examination of the slides so obtained have been carried out in the
Provincial laboratory. I place before you the maps, which record the number and
position of the infected villages existing in the sub-division up to May 1912,

The sub-division consists of 21 mauzas, containing 629 villages, of which four
hill mauzas were excluded from the survey, and 396 villages were surveyed.

The following villages were found to be infected :—

Maauza, Village. Nuomber of
honses
infected.

. Khumtai . 14
Khumtat e "1 Habischoa . e e 9

. Dumjuria 13
Msharani A { Batiparia Lukumani . 6
Curjogonia ... Batiparia Goria ... 2
Mowkha ... ... Padumont 5
Dakhinbengra ... ... Bamongaon ... e 4
Kacharihat . ... Raidangragaon .. v . e 2

The results of this survey, which was carcfully and thoroughly carried out unde.
‘the personal supervision of the Sanitary Commissioner, the Civil Surgeon and myself,
is gratifying in that it shows that infection is not very widespread. The most
weverely affected areas of Khumtai and Habischoa are practically contiguous, Dum-
juria is a secondary centre, the others show 1o great sigas of activity.

There is, we believe, no cause for anxiety as to the present condition of affairs,

-although the situation requires vigilance.

We are now in possession of accurate knowledge as to the infeeted villages and
infected persons. The knowledge is kept up to date by & sub-assistant surgeon, who
is on duty in this area, and submits monthly progress reports.

Up to date, our attempts at segregation and treatment have met with some-
what qualified success.

In the Khumtai area, owing to the personal influence of Rai Sahib Dandadhar
Barua. we havo been more successful than elsewhere. The great obutacle to effeetive
action is the apathy of the people, who meet measures aimed at helping them with
the objection that 1t is God’s will that they should die. If, however, it is nnderstood
that compliance with our instructions is the order of the * Sirkar,” they appear to be
equally resigned, and it is probable that more rigid measures, of segregation will
have to be enforced, if they are to be of any real value.

At present the measares employed are as follows. When an undoubted case is
discovered in a family, » new house is built for them on another site at Government
expense, and compensation is given for the destruction of presumably infected belong-
ings before removal under the supervision of the Assistant Surgeon in charge. The
infected person is provided with separate quarters on the new site, but within the
compound of the house, and is prohibited from sleeping or eating with healthy
persons.

This degree of segregation is merely nominal, and as may be expected, has not

‘proved effective. ' .
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~ Probably, the solution of the difficulty will be to provide a Kala-Azar hospital
or dispensary, with indoor wards for treatment of diagnosed cases of Kala-Azar. The-
nucleus of such already exists at Khumtai. }
It may be interesting in this connection to trace the history of the cases seen
and examined by Major Christopbers, whose subsequent history I have been able to
ascertain.

Out of 15 of the cases in which Leishmania were found in the spleen by Major
Jhristophers, ten have died, and the remaining five have got worse (1911). Out of
he remainder with regard to whom information is available, in  whose cases no para-
ites were found in splenic puncture, four are improving, two have apparently
ecovered, two are in stafu guo, and only one case has got worse and appears to be-
low a typical clinical case of Kala-Azar,

These figures seem to show that diagnostic stress may be laid upon the absence
of Leishmania as demonstrated by a trained observer in ecases which are clinicallv-
indistinguishable from those whose spleens yield Leishmania on puncture.

In regard to treatment, it is much to be regretted that no satisfactory line of-
treatment at present exists, which could be offered with confidence and obvious resulfs.
to sufferers of a race whose faith in European medicine is of the slenderest. Two
cases were treated with salversan in '1910. One case, proved positive by Major-
Christophers, died, in a state of severe reaction following a dose of -2 grams salversan.
Another case, in whose spleen Leishmania were found, received a dose of ‘2 grams.
salversan, and after a period of reaction associated with rigors and fever, followed
by persistent splenic discomfort, recovered entirely.

This case alone recovered of all the cases found on splenic puncture to harbour the-
arasite, and it gave rige to some hope that salversan might be found a useful remedy.
Unfortunately the lack of success that has attended its use elsewhere, together with:

the difficulties of its use in jungle practice, has proved a deterrent to further trials.

The advice of tlie Conference is solicited as to whether any trials have been made
of Neo-Salversan in the treatment of Kala-Azar. This drug, with its greater ease of
administration, would appear to be more suitable for the rough and ready conditions:
under which it would have to be administered.

At present one cannot do more than recommend a patient to underzo a course of
uinine treatment in the hope that his case, which is clinically one of Kala-Azar, may-
be of the type, which yields no parasites on puncture and appears to yield to quinine,

A reliable remedy is badly required, and the want of it terribly hampers the
measures of segregation, on account of the difficulty of inducing the people to submit
to treatment and segregation.

As to the popular attitude towards the disease, loeal interest has been success-
fully aroused with the object of preventing the spread of the disease, and the people-
have been warned as to the risk of communication with infected families and villages.

They themselves are thoroughly aliveto the importance of preventing immigration
of infected persons, and they are generally ready under a little paternal pressure, to-
submit to reasonable measures of segregation, which do not entail unnecessary hard-
ghips on individuals,

When public opinion seems sufficiently educated for such a measure, the-
application of India’s Epidemic Diseases Act to certain areas with refereuce to Kala-
Azar should be considered. It should be possible to prohibit unauthorized migration:
from infected areas, and isolation of infected persons should be made obligatory, with
generous and sympathetic provisions for the sufferers and their relatives. These-
questions, of hew to grapple with the disease and how to extinguish it in its endemie
foci, will have to be considered when the results of our survey of the province come.

to hand.
Kumrup.—Another investigation has been in progress in the district of Kamrup.
This district was involved in the epidemic conflagration and is known to contain.

endemic foei. | |
In March 1911, the Civil Surgeon, Kamrup, drew attention to the prevalence-
of Kala-Azar in a village in the thana of Rangiya in a report suggesting certain:
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wensures ‘to deal with the disease. A SubeAssistant Surgeon .was -placed ou duty
Yor'n year f0-eatry out the measures recommended by the Civil Surgeon under . his.
wopervisica. He carried out investigation as to the extent of the infeotion and
destruction of infected property was attempted but without the thoroughness
attending the Golaghat measures. Fourteen villages were found to be infected out
of 67 examined, 82 deaths are reported to have been caused by Kala-azar in the area
under examination during the last eleven years, and there are now 26 cases of the:
disease. -Nothing definite is known as to the absense or presence of Kala-azar
Jlsewhere in the Kamrup district, in which, however, sporadic cases are known to-
ocour.

‘Sylhet.—It was observed that a considerable number of deaths from Kala.azar
had been repoited from the Chhatak and Sadar thanas of Sylhet in 1910, and the
attention of the Civil Surgeon was drawn to it, and a Sub-Assistant Surgeon deputed
%o ebsist him in the investigation. On looking up the past history of 8ylhet with
regard to Kala-azar, it was found that the presence of the endemic form of the
disease had been established by several observers. ~

Goalpara.—Attention was drawn_‘to yet another affected area by the Deputy
Commissioner of Goalpara in his tour diary, who reported that in the Dudnai thana
duting the twelve months from March 1911 to February 1912,118 deaths from Kala-
spar had been reported, and he remarked that ¢ considering the extraordinary virulence-
of|previous epidemics of Kala-azar in neighbouring parts of the distriet in previous
years these figures are serious ”, _

Mangaidai.—The Sub-Divisional Officer of the Mangaldai sub-division of the
Darrang district has recently reported the prevalence of Kala-azar in the Ambagaon
Mauza in which the Mauzadar reports the presence of 90 cases.

_From the foregoing account it will be seen that the presence of endemie foci of
Ksla-azar is tending to attract attention. Thereis no reason to believe that this.
increased attention is due to any tendency of the disease to assume again epidemic
proportions.  But it must be remembered that we have seen the rate of kindling of
the epidemie fires is very slow and the time it takes to burst into flame is measured
by years. Where in other parts of India the advent of plague or outbreaks of’
¢pidemic malaria are perils to be feared, in Assam Kala-azar is perhaps the greatest

tential menace to public health, for any recrudescence of the epidemic of the ‘80%s-
and ¢ 90’s would be a disaster of the first magnitude to Assam. '

' The situation at present appears to be this—that in an unknown number of
areas in the Lower Brahmaputra Valley and throughout the Surma Valley, there are
still glowing points of slow combustion endemie foei, Further more, in the Upper
Assam Valley, which is the main centre of the important tea industry, there exists a
population so far untouched by the endemie form of the disease, and hence presumabl
a . rapidly combustible material for an epidemic fire, and that adjacent to this.
ipflammable material there exists in Golaghat an area of combustion of not inconsi-
derable activity. The situation, while it cannot be considered to be fraught with
any immediate danger, is one that requires vigilance.

. It was the opinion of Colonel K. N. Campbell, 0.1.8., I.M.8., Inspector-General

of Civil Hospitals and Sanitary Commissioner, Assam, that the present period of
uniescence should be utilised in preparations against a day when more serious con--
itions might arise, if the behaviour of the disease were not kept under observation.

As the first step in framing preventive measures, it appeared to be extremely
desirable that we should know the exact extent to which the health of the province
is tainted with the Leishmania infection, and a scheme to-effect this was drawn up.
Government approval to the scheme for the survey of the distriets of the province

known to be affected was accorded and this survey 1s now proceeding.

" Inframing this scheme, although an ideal arrangement might have been to-
place a worker in each sub-division of the plains distriets, the numbers necessary to
effect this, would for financial and administrative reasons, have been excessive and
for this reason the districts of Lakhimpur and Cachar and the sub-divisions of Jorhat
apd Sibsagar of the Sibsagar district, together with the hill districts other than the

"Garo Hills, were excluded from the proposed survey as 1o foci of endemic disease ate-
2
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believed to be present in them, and it had been considered sufficient for the present
to ask the CivS Surgeons, dispensary Sub-Assistant Surgeone and Vaccination Staff
-of these unaffected districts to be on the watch for any cases that may come to their

notice.

The survey is, therefore, at present confined to the distriets of the Garo Hills,
Goatpara, Kamrup, Nowgong, Darrang and Sylhet.

Sub-Assistant Surgeons have been assigned to areas corresponding in most cases
to the boundaries of the sub-division of these districts, and it is hoped that the
survey of each sub-division will be completed in one working season.

The work of these sub-assistant surgeons, 14 in number, is being supervised by
two assistant surgeons, one for each division, and the supervision of the whole
survey has been entrusted to myself.

A short preliminary course of instruction in the points, which they would be
expected to investigate, has been given to the sub-assistant’ surgeons beforo starting
them on their work. They have boen instructed in the cause, symptoms, treatment,
and prevention of the disease, and how to take a spleen census according to standard
methods. They have been furnished with a map of the sub-division in which they
will work, and they have been instructed to visit every village in the sub-division
and make inquiries into the presence or absence of Kala-azar therein, marking on
the map the result of their inquiries and recording their observations in a diary.

In the case of the infected villages, subsequent detailed survey by house-to-
house visitation, will be undertaken.

'They have been provided with a peon and a small stock of medicines of a
simple nature, to enable them to gain the confidence of the people, but not such as
to tempt them to indulge in private practice. Conmsolidated pay at the rate of
Rs. 60 per month has been fixed. :

The Assistant Surgeons will, if possible, see all areas reported to be infected,
-and serure splenic punctures for microscopical examination and verification in the
provincial laboratory. They will be responsible for the maintenance of the records
of the work in each sub-division and for its proper confiuuance and timely
completion.

Specimen diaries, containing the standing orders as to the investigation, alzo the
clinical note-books in which they will record their observations on individual eases,
are shown.

The observations in the clinical note-books are iu accordance with a scheme
drawn up by Captain Mackie, I.M.8. It is hoped that this investigation will prove
of considerable value to him in furnishing him with preliminary information as to
what areas are most likely to repay his attention, and we have arranged that he shall
be kept regularly informed of the progress of the work.

We hope that on the termination of the present investigation, we shall be able
to say exactly whore endomic fooi of Kala-azar exist. The question of controlling
them, and of dealing with them effectively will then be enormously simplified, and
we hope that it will be within the scope of practical sanitary administration to do so.

Further more, the complete survey may perhaps add some valuable items to our
knowledge of the etiology of the disease, and may aid Captain Mackie by suggesting
profitable lines of research. For instance, could it be determined that the areas of
endemic prevalence coincided with the distribution of some biting insect, evidence
such as first led to inculpation of the Glossina responsible for the conveyance of
sleeping sickness, might thus be brought to light.

In conclusion, I have to apologise for taking up your time with matter which is
in no way original or new. We hope, however, that by another year, the investiga-
tion which I have outlined will be productive of some valuable and interesting
information, and for the present I would invite constructive criticism as the scheme
and advice as to the conduction of the investigation from a gathering which is so
eminently qualified to offer it.
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APPENDIX 1.
STANDING ORDERS FOR SUB-ASSISTANT SURGEGNS OX THE KALA-AZAR INVESTIGATION.

Sub-Assistant Surgeons investigating sub-divisions will, in the first place, proceed to distriot

“head-quarters. There they will obtain the ceusus village table for 1911 from the Deputy Com-
missioner’s office and copy out from this, mauza by mauza, the number of villages contained in
_each mauza, number of houses, and total population in esch village, the name of the mauzadars
of oach mauza. The names of Gaonburas will be obtained from Gaonhura Registers at the
. different sub-divisional head-quartors. 'I'his table must be carefully copicd and preserved. In
this they will note against the name of each village, as they visit it, the serial number allotted
to it in their diary, and whether it is * infected,” * free ”” or *‘ doubtful.”

W hen this table is completed, a programme of investigation will bo drawn up by the Sub-
Assistant Surgeon, in consultation with local officials, ¢.g., the Inspeotor of Vaccination, by
whioh he will arrange to have visited porsonally every village in the sub-division allotted
to him before the commencement of the onsuing rainy scason, and have made enquirios as to the
presence or absence of kalz-agar in each.

This tour programme will be carried out subject to the approval of its details by the Doputy
Sanitary Commissioner, to whom it will be transmitted by the Assistant Surgeon in charge,
with any suggested alterations he may think proper, before September 30th. The touring work
will commenee on October 25th on the termination of the uja holidays in accordauce with the

.approved tour programme.

Sub-Assistant Surgeon on kala-azar investigation duty will maintain diaries and will enter
in them the dates of their visits, the names of the villages they visit, and the names of the village
Gaouburas, whose signaturo they will obtain. They will also enter the names of the house-
holders whose houses they visit to obtain information. Thoy will entor in the column for
vearks short notes on points relevant to the investigation; and where cuses suspoctad to be
kala-azar arc found, they will noto opposite the entry of the house-holder’s name the secial
numbers of the cases in that house and notes of these cases under their serial number will be
kept in the clinical note-book.

Reports will be submitted by them to the Deputy BSanitary Commissioner, through the
Assistant Surgeon in charge of their circle; showing villages visited aud the number of suspectod
oases of kala-uzar discovered.

This will be compared with the tour programmo previously drawn up, copies of which will
be with tho Deputy Sanitary Commissioner and the Assistant Surgeon, from which it will be
seen whether the Sub-Assistant Surgeon is adhering to this.

Maps.

Maps, 1" to the mile, will be supplied for each sub-division. One copy of each will be
maintained 10 the Deputy Sanitary Commissioner’s office, one copy of each sub-division of his
jurisdiotion will be kopt by the Assistant Surgeon, and one copy of the map of his own sub-
division will be maintained by the Sub-Assistant Surgeon. Villages which are found to be
infeoted. are to be marked upon the map with a small red circle within which the serial number
of the village corresponding to the entry in his diary will be insoribed.
Tf the name of the village does not appear upon the map supplied, he will mark its approxi-
mate position with refercnce to names showa upon the map.
The Assistant Sargeon and the Central Office will keep their maps up to date in accordance
with the reports submittod by the Sub-Assistant Surgeon.
Sub-Assistant Surgeons will thus have in their possession :—
I.—Villages Census table.
II.—Approved tour programme.

III.—Daary.
1 V.—Clinical note-book.
V.—~Maup.

VI. —Medicine case. '
The Special Research Officer, Captain Mackie, I.M.8., will be supplied with dotails of reports
on villages and areas found to bo infected immediately upon receipt of the report.

Duties of the Assistant Surgeons in churge.

Their duties will bo to cheek tho work of tho Sub-Assistant Surgoons under them. They
will endeavour to visit all areas reported tobe infeoted to examine the suspected cases and
szecord their opinion as to the accuraoy or otherwise of the diagnosis. :

They wiﬁ obtain slides by splenic puncture, wherever possible, in accordance with the
instructions and precautions laid down and forward thew, in the manner directed, to the
Laboratory at Shillong for examiunation.

Results of the examination will be reported by the Laboratory to the Central Oftice and to
Captain Mackie direct. In addition to inspeoting the infected villages and the entries in the
“diary relating to them, they will also cheok the ontries in the diaries of the Sub-Assistant
Surgeons in rogard to villages whioh are reported to be free from the disease. They will go to
a certain number of these villages and by visiting the house holders, whose names appear in
the diary, and verifying the signature of the Gaonbura, satisfy themselves that the diaries are

.reliable records of work done.
T. C. McCOMBIE YOUNG, Capt., LM.S,,
Deputy Sanstary Commissioner.
8
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APPENDIX IL

. . Names of honse-holders Remarks and number
: Names of villages |  Signature of i pue L
Berial No. Date. s visited in each of cases in oliniesl
vieited. Gaonburas. village. note-haok.

APPENDIX III.

Crintoar,  Nor-Book.

In taking notes on suspected cases, Sub-Assistant Surgoons should note the following points-
in the clinieal note-book :—

Name. Sex, Age.
Oocupation, Caste or nationally.
Village. Mauaza,

House in which case resides.
Past History.

(1) Any previous history of kala-azar in the family or household.

(2) In which house the disease first began and whether any other similar case of disease-

are known to have ocourred in the house previous or subsequent to the present.
patient’s illness. .

(3) Nature of house surroundings, whether—

(a) heavy jungle, or light jungle, or open country, or in a town,

(b) close neighbourhood (i) of tanks, (i1) of running water,

(¢) drinking water obtained from (i) well, (ii) tank, (iii) river,

(d) domestic animals living in or near house, e.g., cattle, dogs, cats, fowls, ducks or-
any other animals or birds,

(e) verminous insects frequenting house—mosquitoes, bugs, lice, ticks, biting flies. -

Hisrory or PresENT ILLNEss.
Date of onset.

Whether it came on with rigors, fever, sweat, as ,in malaria, or whether it came on.
gradually,

Was the fever continuous or intermittent ?

How long has the spleen been enlarging ?

Other symptoms notioed, e.g., dysentery, or diarrheea.
Bwelling of feet.

Cancrum oris.

Emaciation.

Pigmentation of akin.
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Present CoNpITION.
Patient complains— ‘

On ezamination, note the following pointe~—

Temperature ?

Btate of the tongue ?

Ansmnmia ?

Puffiness or cedema of feet or face P

Change of colour of skin ?

Skin roagh or smooth or itchy ?

Diarrheea or dysentery P

Emaciation ?

Cancrum oris or any septic complication ?
Splenic enlargement (under following headings) :~

1. Palpable, one finger’s breadth

2. ’ two " below costal margin,
3. " three "
4. At or below umbilicus,

Enlargement of liver?
Presence of ascites ?
Result of splenic puncture, if done ?

T. C. McOOMBIE YOUNG, Capt.,, LM.8,,
Deputy Sanitary Commissionsr..

AFPPENDIX 1V,

Kara-Azar INVESTIGATION.

‘Report of Sub-Assistant Surgeon n Sub-diviston during period  from ¢
Names of manzas, Names of villages Names of villages | Number of persons found

vigited. found infected, to be infected. ! Remarks,
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THE RELATION OF KALA AZAR TO MALARIA

By Rat Kailas Chandra Bose Bakadur, C.1.E., L.M.S.

I fear I shall be thrown into the background and be taken for one who is
twenty years behind time; if at this stage of our bacteriological progress I were
‘to make a feeble attempt to link Malaria and Kala Azar together.,. But from
close observation of a few cases, circumstances have so transpired that I cannot
resist the temptation of bringing to the notice of the Conference certain facts
which when carefully analysed might lead to profitable discussion on a subject
the importance of which can never be overrated. Without wasting the time of
the Conferencé | would read the report of three cases placed under my close
observation from the commencement of the illness till its termination by death or
recovery, A fourth case is still under treatment.

Case No. 1. A married girl, aged 16, of respectable parentage nursed in
History of cases and clinical phases of the the cradle of luxury and accommodated in
disease. .a big commodious house with extensive
open space all around and situated in the centre of the District No. 1 and Ward
No. 6 of Calcutta, contracted fever and was at once placed under treatment of
two competent doctors one of whom was a Professor of the Calcutta Medical
College. The fever continued for a day only and then subsided. Her tem-
perature came down to normal and she had her quinine. On the third day fever
returned and her temperature went high up to 105. As anticipated it passed off
in twelve hours and quinine was vigorously pushed on. The case was pronounced
to be one of benign tertian and it actually proved so. The fever did not
veturn and the patient was fairly convalescent.. She was quite happy for only
one week and then there was a relapse which was speedily checked by quinine.
The young lady did well for a few wecks under quinine and arsenic. Only a
week after the discontinuance of quinine her fever returned, but unlike her pre-
vious attacks it was not accompanied by chill or rigor and the temperature did
not go higher than 103, but the duration was rather prolonged. The type was
tertian and yielded to quinine, She became convalescent ; but this time she was
a little bit dull and apathetic although her temperature kept normal all day
through. She soon manifested symptoms of quininism and felt sick ; her quinine
was stopped, She did not improve much and change of air was suggested by
her medical advisers. The idea of change was not very much relished by her
- friends and she was not allowed to go out of town, as they all apprehended that
a relapse might come on the day of the
new moon which was approaching fast.
Owing to a mysterious coincidence the temperature of the girl rose to 102 on the
day of the new moon ang it came down to normal during morning. Quite
unexpecfedly her temperature rose again during evening, 'so that “the
type of the fever was changed, This time from tertian it became quotidian
which absolutely refused to yield to quinine. The temperature daily ranged
between g9 and 101, In spite of all care and most active treatment the fever
persisted and quinine this time most unhappily proved powerless. Her
~spleen was enlarged and she felt weak and became ematiated. She occasionally
'suffered from diarrheea. Cachexia soon supervened and her spleen was tremen-
donsly enlarged although there was no perceptible enlargement of the liver.
‘From the date of her last relapse she was never free from fever, and now
became a confirmed case of Kala Azar with all the characteristic features of the
disease. The record of temperature shows that the patient had two distinct
-rises every ‘day. This special feature was noticed from the third month of her
fever till her death. Haemorrhage from Cancrum Oris closed the. scene. She
suffered for full 18 months. As a relative and friend I had to see her daily. Her
“blood was net examined.

Intermittent fever merges into Kala Azar.

Case No 2. Fatima, a Mahomedan girl, aged about ten-years, came under
my treatment for a smart attack of intermittent fever, quotidian, which was rather
sbstinate in its character and after persisting for 10 days yielded to quinine
which was given in “very large doses. Fifteen grainsin one dose was given
‘ollowed by another ten grains dose after three hours, and she had another five
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grains during evening. On the following day she had another ten grains. The -
fever left her but quinine in small doses was continued for a fortnight. The little
girl had no complaint during the time she continued taking quinine. Exactly a
fortnight after its discontinuance she had a relapse, but this time the fever readily
yielded to quinine. Special instructions were left with the father that two
grains of quinine should be given daily until she picked up health and strength
and that her temperature should be taken twice daily. The father absolutely
abided by my instructions, but the child did not improve.. She was brought to
me one morning and | noticed a slight enlargement of the spleen. On looking
over the record of the temperature I found that ‘the temperature had remained
absolutely normal for 5 days, and then there was a rise of half a degree and
occasionally one degree during evening. The tongue was clean, - there was no
jaundice ; there was a tendency to diarrhcea which was checked by regulating
the diet and peptonising her milk. Every day she was brought to me and every
day I noticed some rise of temperature. The forehead was hot but the tempera-
ture did not rise higher than ¢g'5. A bath was ordered and the patient felt
refreshed after it but her temperature rose to 100. From this day the tempera-
ture never came down to normal again and it ranged between 99 and 101. The
enlargement of the spleen was rapid and it gradually reached the umbilicus. It
was hard and slightly painful. She gradually became anzmic and her com-
plexion became dark. Her strength failed and she became absolutely helpless.
Any medical man could say from a distance what she was suffering from.

As the patient objected to intramuscular injection, atoxyl was given by the
mouth for .one week but to no purpose.
. She had diarrheea which further exhaust.-
€d her. She soon got Cancrum Oris and every hope of her recovery was lost.
Rectal injections were tried and answered our purpose very well.  Soon a healthy
change was noticed in her sore. Sloughs separated leaving the borders clean
and granulating. The gangrenous smell disappeared and she showed signs of
improvement. The spleen became soft.and its size diminished, and in course of
three months it became almost normal, = Her appetite “returned, her pallor was
gone and to the surprise of the parents and their friends, she ultimately recovered
theugh she was hideously disfigured. Her blood was not examined.

Cancrum Oris cures Kala Azar.

Case No. 3. An unhealthy looking Bengali youth, Mohedra, aged 17, was
brought to me for the treatment of fever which he had been subject to for a few
months. The fever was of intermittent type and was readily checked by quinine.
When constipated they used to give him Epsom salts. The fever was suddenly.
checked by Bi-hydrochloride of quinine. He was advised to- continue medicines
for a few weeks and to keep a record of temperature. There was no appreciable
enlargement of the spleen and liver but his look was sickly. The boy returned
to me after wo days with a clean sheet
_ of lemperature. He visited me again' on
the following day because he had had fever the previous night. On taking him
to task he admitted he had stopped quinine for a couple of days only. This
time he determined to take it for three months, The fever was checked by one
big dose of quinine and the same advice was given regarding the record of
temperature and use of quinine, [n spite of all necessary precautions the fever
returned after nine days and this time it was very resistant, even repeated injec-
tions of Bi-hydrochloride of quinine failed to prevent it or alter its character.
The fever returned regularly every afternoon preceded by chill and left him at
12 midnight with copious perspiration. Three weeks elapsed and no appreciable
change was noticed. The spleen was enlarged. Blood was examined with
- negative results. Quinine was stopped and he was placed on a general tonic,
His lungs and heart were absolutely sound ; on deep inspiration the border of
the liver could be felt. From early morning up till 2 o’clock he was absolutely
free from fever, ‘The patient lost all confidence n quinine, and at the request
of his friends placed himself under the treatment of a Kaviraj and I lost sight
ot him. He returned to me after several weeks and from his very look I could
say that he was suffering from Kala Azar. He looked dark and very much
. ‘emaciated and his abdomen became prominent. Spleen very much enlarged,
liver slightly so; he had anorexia but there was no insomnia. Except a slight
burning sensation of the hands and feet he had no other discomfort to complain

Quinine inert in Kala Azar,
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of. His temperature was persistingly high ; he was advised to try the bracing
air of the hills. He went to Madhupur
- where he caught cold and suffered from
bronchitis ; he was taken to a village in the district of Bhagalpur where he grew

‘worse and after an absence of three months ffom Calcutta he was brought back

again. This time on examining his chest I found that both the lungs were’
riddled with cavities and he ultimately succumbed to phthisis. He had no occa-

sion to go out of Calcutta prior to the onset of the fever.

Kala. Azar harbours Phthisis.

Case ®No. 4. Mamood Bhai, a Mahomedan, aged 26, belonging to

-a tolerably wealthy family contracted fever in February last. It was of a
continued type, and resembled very much enteric in its character and course

.and subsided by crisis on the 23rd day. His convalescence was fairly rapid
-and in the course of 'a few weeks he completely recovered his health. In the begin-
ning of June last he got high fever which uitimately proved intermittent and

readily yielded to quinine. Two weeks after the first attack he got a relapse

which was of a very mild type and again subsided on the exhibition of quinine.

The patient was well only for a few days and then the fever returned again, but it

was so slight at the commencement that no special heed was paid to it. It used

to come with slight oversensitiveness of the body and the temperature was not

“higher than 100 degrees. A big dose of quinine drove it away and the patient
~was ordered to take quinine in five grains doses twice daily. His appetite  did
not return and he did not make much improvement. His friends were advised
to record his morning and evening temperatures. K was found that there was
only a difference of half a degree between morning and evening temperatures.
This state of things went on for a week, when suddenly the disease changed
its character and his temperature ranged between g9 and 103 degrees. His
blood was examined but no new light was thrown on the nature of the fever.

His spleen was slightly enlarged; he had obstinate hiccough which persisted

‘without remission for three weeks. The patient in spite of all care is going
down hill. - His spleen is very much enlarged, liver slightly so. = There is harras-

ing throat cough and the condition®of the patient is really miserable. It is really
a case of Kala Azar and although the parasite has not been discovered, still the

blood counts very nearly go to establish the diagnosis. Colonel Calvert,
Major Rogers and Colonel Browne  have seen the patient and were unanimous

as regards the diagnosis of the case,

The cases of the nature I have just described are not uncommon in Calcutta,
T have seen a number of them, but for the fact of my not having been able to
Diffieulty. in differentiating &ala Azar from 10llow their course from beginning to end, I
Malaria. dare not take up the time of the Con.
ference in bringing them before it. The question now arises whether Kala Azar
is an independent disease or only a form of Malarial fever where the parasites
are not affected by quinine, and under circumstances undergo metamorphosis,
In the present state of our knowledge about their cycle and the circumstances
under which they lie dormant within the system, we cannot positively say
whether the parasites may not ever change their phase and so be capable of
producing a set of symptoms quite different from those ordinarily seen. Time
alone can remove the doubt. We do not deny the possibility of transmission of
the disease through the medium of bed-bugs; but considering the fact of the
absence of a second case in the family of the patient whose report forms part of
the subject matter of this paper, we are reluctantly compelled to underestimate the
value olJ the theory. I need hardly mention that there 1s no scarcity of bed-bugs
in the Indian portion of the town of Calcutta.

[ have very carefully watched the cases and 1 must candidly confess that
I am puzzled to find out the special point which clinically diﬁ{:rentiates Kala
Azar from Malarial fever. Since Kala Azar has found a separate place in the
nomenclature of diseases, we have discontinued to use the old phrase * Malarial
cachexia” in our annual return of diseases. In the old record of the Medical
College Hospital we find that obstinate cases of Malarial fever were returned
under the head of Malarial cachexia.

~ In the pre-bacteriological age, physicians in treating these obstinate cases
of fever very largely used mercury in form of ointment which they used to rub
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under the armpits of the patient till his gums were slightly affected. They
also largely used turpentine in the shape of epethem frequently applied over
the spleen, and in extreme cases they had recourse to moxas. A good number
of cases recovered under this heroic system of treatment which simply induced
lencocytosis. The report of such cases may be found in the record of our
Medical College Hospital. The practice of treating chronic cases of fever
" Apents which induce leucocytosis are capable with enlarged spleen by the application-
of curing Kala Azar. of moxas and setons, has not yet fallen
into disuse. In the suburbs of Calcntta there are professional men who make
their livelihood by treating cases only by moxas, and I have heard from a reliable
source that in Cossipore which is only 2 miles distant from Calcutta, there-is.
a place where people come from various parts of Bengal to have their spleens
cured by moxas.

The late Dr, D. B. Smith, at that time Principal of the Medical College,
at the request of his House Physician allowed 12 inmates of the Hospital to
be treated by ‘ Jharas,” and it 1s curious tonote that 3 of them completely
recovered and there was appreciable improvement with the rest. These cases
tend to prove that the induction of leucocytosis is the essence of this method of

Moxas tried in the Medical College Hospital Lreaiment, It is indeed very difficult to
with good results. find out the missing link between the two.
diseases. From the report of cases placed before yoy, you would find that in
all of them the fever at the commencement was of intermittent or tertian type ;
it gradually changed its phase and became quotidian and finally converted
itself to continued fever. One would be naturally inclined to believe that from
the date when the fever assumed a continued type and resisted the action of
quinine, it deviated from its usual Malarial course and entered into the field of
Kala Azar. But how one class could be so quickly displaced by another class
of organism remains a problem the satisfactory solution of which could alone
draw the line of demarcation between the two diseases. The object of my -
introducing the subject for discussion is simply to ascertain whether there is-
any means by which Kala Azar can be clinically diagnosed in its early stage,
for if we can do it we may reasonably hope to reduce the rate of mortality..
Blood counts and search for parasites are the only weapons we have got at our
disposal; but we cannot absolutely rely
on them. They sometimes betray our
cconfidence; and it is often extremely difficult to ‘persuade the patient to
submit to the operation. Besides, examination of blood does not conclusively
differentiate Kala Azar from Malarial fever. Much stress :has been laid on the
presence of Leucopoenia in Kala Azar but is it absolutely wanting in a chronic
case of Malarial fever.

Conclusion,
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THE INVESTIGATION OF PROTOZOAL DISEASES WITH SPECIAL
REFERENCE TO THE DIFFERENTIATION OF TRYPANO-
SOMES

By Captain F. P. Mackie, I.M.S., on Special Duty, Kala Azar Enquiry.

The differentiation of protoza and especially of trypanosomes is more diffi-
cult and more comglicated than the corresponding problem in a bacterial disease,
There is a good dezl of confusion inregard to the former question, and it is my
object in the present paper to point out the lines on which such an investigation
may be carried out,

The scheme Isuggest is that whichis employed by Surgeon.General Sir
Divid Bruce and was used by us, the members of the Sleeping Sickness Com-
mission, when working with him in Uganda, Those who find themselves faced
with such a problem may be safely recommended to follow the methods of so
distinguished an authority, and I need offer no apology for bringing these methods
before the notice of 1his Conference.

My experience of this sort of investigation is not entirely confined to the
question of trypanosomes, but the methods I now advocate may be for conven-
ience focussed on this particular kind of infection and the scheme modified or
extended to meet the peculiar conditions met with in other diseases. Investiga=
tion should be carried on under the following headings :—

1. Morphological Characters of the Protozoon.
2. Its Animal Reactions.

3. The Natural Transmitting Agent or Intermediate Host.

4. The Reservoir.

In addition to thzse there are some other less important methods of differen-
tiation as follows :—

5. Cultural characters of the protozoon.

6. Laveran’s crossed immunity test.

7. Serum diagnosis—including the ¢ attachment” phenomenon.
8. Geographical distribution.

9. Effect of treatment.

I will now proceed to say a few words about these methods and shall
confine myself to the Trypanosome group of diseases, and to ther only as far
as my actual experience in Uganda justifies me.

In addition to the work on Sleeping Sickness which has been dealt with

separately in another paper, we applied some or all of these methods of investi-
gation to the following Trypanosomes and these species will be used as examples:

of the methods we employed.

Trypanosoma Pecorum.—(2) I. Nanum, (3) 7. Uniforme, (4) 7. Vivaz,
(3) 7. Brucei, (6) . Evansy, (7) I. Ingeuns, (8) 1. Elephantis, (9) T.
Gallinarium.

[.—Morphological Characters.

In the living condstion—This method may give very valuable indications
as to the probable species of Trypanosome under examination. .Comparison
between two Trypanoscmes should be made as nearly as possible under indenti-
cal conditions. The blood should be examined either as it is drawn, or better
after mixing with an equal volume of 1 per cent Citrated Saline.

3385C
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The same time should always be all‘owe@ to elapse between the time the
sldod was withdrawn, and the time it is examined.

The points to be noted in fresh preparations are :—
(1) The kinds of movement exhibited.
(2) Relationship of the parasite to the celular elements of the blood.

(3) Morphology.
() Shape and size whether uniform or polymorphic.

(¢) The locomotor apparatus.
(¢) Appearances of the cytoplasm.
(d) Appearance of the nuclei.
(4) Abnormal appearance of the blood (such as auto-agglutination)

(5) Further information afforded by dark ground illumination, e.g. dis-
charge of granules (F ry).

The following Trypanosomes of those under consideration have character-
istic or suggestive movements.

7. Pecorum —This Trypanposome hides itself under a clump of Red Blood
Corpuscles (which seem to become auto-agglutinated) and it may be recognised
by a rapid vibratory movement which it imparts-to the red célls, itself remaining
invisible.  Periods of rapid oscillation alternate with periods of rest.  The Try-
panosome is not often seen out in the open but when it is, it is generally glued
on to a corpuscle which it shakes wviolently. It does not move far from one
spot, .., it is non-translatory,

The nucleus is generally visible as a stippled area and the micronucleu
has a refractile vacuole near it.

The cytoplasm is free from granules.

The updulating membrane is aot well developed and there is no free flagel-
lum.

7. Uniforme.—Is somewhat - similar to 7. Pecorum but exhibits active.
translation from place to place and rarely stays in one position. Its movements
sometimes slow down but do not cease and return as is the case with 7. Leco-
rum. The refractile vacuole is absent, otherwise the morphology is similar.

7. Vivax.~—Is the most characteristic of all, It shoots with great swiftness
across the field, clearing a path through the.corpuscles liké a “destroyer ”
through waves and leaves a broad- wake behind it. It continues its career till
it reaches the edge of the cover glass where it churns up the corpuscles with
every evidence of astonishing energy. Its movements are too rapid to allow
of its morphology being studied in the fresh state.

7. Ingens~—Was found in the blood of cattle and in the blood of antelope
frequenting the same pastures, ‘

This huge Trypanosome possesses a wide and well developed undulating
membrane and flagellum, and it moves deliberately amongst the red corpuscles
with rippling movements passing down its undulating membrane like the wind
bellying out a sail,

These remarks suffice to show that occasionally valuable evidence may be
obtained from the observation of 1rypanosomes in the fresh state.
The further study of morphology is made after fixation and staining,

The methods we used were those described by Bruce, Hamerton and
Bateman in their paper, “ A Trypanosome from Zanzibar,” - P. R., Section B,
Volume 81 of 1909, page 16 ef seq.
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Thin blood films were fixed by being placed for a few seconds whilst still
meist in a wide mouthed bottle in which had been placed a few drops of 4
per cent Osmic Acid and Glacial Acetic Acid. The films were quickly removed
and were put into spirit or absolute alcohol and when dried were ready to
stain. This was generally donein a 2 per cent s»lution of Glenisa’s stain in
distilled water and the films allowed to remain in this overnight. If overstained
they may be cleared in orange tannin solution which however seems to impair
their permanency. -

In examining the morphology of Trypanosomes fixed and stained the
following points should be observed :— '

(1) Careful measurements.

Lady Bruce who executed all the drawings produced in the investigation
used to draw all the parasites to a scale of 2,000 diameters with the camera
lucida,

The exact shades of colour were painted in afterwards,

The measurements were made along the middle of the Trypanosome with
a pair of compasses with a stride representing 2 micro millimeters aud thz total
length and breadth recorded.

Twenty or more consecutive Trypanosomes were measured in this way
(all dividing forns being omitted) and an average struck,

As a further refinement the method recommended by Uingard may be
used. This consisted in measuring the separate parts of the Trypanosoines as
follows : —

The distance from the posterior extremity to the micronucleus, the diameter
of the micronucleus, the distance from the micronucleus to the posterior limit of
the large nucleus, the diameter of the large nucleus, the distance frein the arrerjor
limit of the micronucleas to the anterior extremity of the body and from theice
to the tip of the flagellum.

The careful measurement of Trypanosomes is very important because though
individuals of the same species vary considerably amongst themselves, yet, they
vary within definite limits and the average length over a large nunber of counts
is surprisingly constant. For this purpose it is necessary that all specimens
should be subjocied to exactly the same processes throughout, both in fixing and
staining and in measurement, for it is certain that some fixatives produce more
shrinking and distortion than others. It is also certain that anatteupt to
measure an undulatory object direct from the slide with an eyepiece micrometer
is very fallacious. When a series of Trypanosomes have been measured and the
result plotted out, it may be found that there are marked differences in certain
individuals, that is there may be “long” and ““short” forms *‘stumpy” or
“t{adpole” forms, This constitutes polymorphism or dimorphism. Thus 7.
Gamniense, T. Brucei, are dimorphic, whilst 7. Pecorum, I. Nanum, I. Vivax,
7. Uniforme are monomorphic,

If carves are plottad and compared it is possible to draw a difference between
two species of Trypancsomes which vary in length within the same limits. Thus
Sir David Bruce® i comparing 7. Brucei, T. Evansi (two Trypanosomes general-
ly considered to be morphologically indistinguishable) has shown that their
curves and maxima are quite different and differentiation may be assisted in this
way.

(2) Shape of Trypanosomes.

This varies considerably and is best observed from a number of carefully
executed drawings. It is easy to draw fallacious conclusions by examining a
few specimens under the microscope. 1f drawings of two or more species are
compared differences are more readily appreciated.

* R, S. Proceedings, B, Volume 84, 91, page 180,
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Lantern slides~Shewing the morphological difference in various Trypano-
somes.

(3) Macro and Micro nucleus.

Following morphologists like Minchin, one always refers to the flagellar
extremity of the Trypanosome as the anterior and the non-flagellar or blunt
extremity as the posterior end.

In the living state they generally move flagellum foremost and so the small
~ nucleus (the Kineto nucleus) is posterior to the large (or Tropho) nucleus. This
is so in all true Trypanosomes but the micro-nucleus is anterior to or very close
alongside in Crithidia, like C. Grayi the natural flagellate of the tse-tse fly. It
is at an appreciable distance from the posterior extremity in some, such as 7ry-
panosoma (T. Gambiense) or very closely applied to it as in 7. Vivax. The
macro nucleus varies in size and 1s nearly always about the middle of the body,
but in some (as in 7. Rhodesiense) it is occasionally far back near the small
nucleus.

(4) The locomotor apparatus.

The undulating membrane may be wide and well develoved asin 7. /ngens
or 7. Gambiense, Brucei and Kuvansi, or may be poorly developed as in
7. Pecorum, Nanum and Vivax.

In amphibian trypanosomes and in 7. Imgens it is thrown into folds or
goffered like an Elizabethan frill.

The flagellum is an important diagnostic feature, because it is sometimes free
and sometimes not free ; that it is either continued beyond the anterior extreme of
body or it stops short at that extremity. . Trypanosomes with a well developed
undulating membrane generally have a freé flagellum (7. Brucei) and those with
a weak narrow membrane have no free flagellum (7. Pecorum).

(5) Cell contents.

Some trypanosomes shew marked granulation of the cytoplasm, this is parti-
cularly so in 7. Bruces as will be seen in the photographs. ~Others have reticulat-
ed protoplasm like 7. Pivax, whilst in others the protoplasm seems generally to
be homogeneous like 7. Pecorwm. 1In 7. Ingems and in some amphibian
trypanosomes, a marked oblique or crossed striation is seen which is due to the
presence of what are believed to be primitive muscle elements (myonemes).

I1.—The Susceptibility of Higher Animals.

This is a very large and important aspect of the problem of trypanosome
differentiation, and to the laboratory worker it may be added, a very expensive cne..
In a complete investigation of this nature the parasites must be injected in consi-
~ derable quantities into one or more of all the available domestic and laboratory
animals, and the following observations made :—

(1) Ts the animal susceptible or not?
(2) What is the incubation period ?
(3) What is the course of the disease in the animal?

(4) Is the disease fatal, and, if so, how long after the disease was pro--
duced?

(5) What are the posz mortem appearances?

It is very important to note that susceptibility is by no means always indi-
cated by the presence of trypanosomes in the circulating blood, but sometimes
only by injection of the blood into another species of animal known to shew para~-
sites in the blood stream.

For instance, in Uganda it was found that certain antelopes were very suse
ceptible to 7. Gambiense, but the parasite was never seen in the blood stream nor
was their health affected, yet the antelope readily infected tse-tse flies.
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In the summary at the end of the paper, the animal reaction of the trypano-
somes tunder review will be seen and some idea gained as to the complexity as
well as the importance of this part of the subject. In actual practice much in-
formation may be gained from the use of a few laboratory and domestic animals,
and we found that a good deal could be done with cattle, goats and sheep,
monkeys, dogs, rabbits, rats, mice and guinea-pigs.

7. Pecorum affects cattle, sheep, monkeys, dogs, white rats, and mice, but
did not appear in the blood of goats or guinea-pigs.

7. Vivax affects cattle and goats, but was never seen in the blood of sheep,
monkeys, dogs, guinea-pigs, rats or mice.

7. Nanum (so like T Pecorum in morphology) affects cattle and goats, but
neither sheep, monkeys, dogs, guinea-pigs, rats or mice.

So in investigating a cattle disease where the appearance of the trypanosome
suggested the Pecorum-Nanum-Uniforme group the blood of the cattle was put
into dogs and goats, if the former became affected and not the latter the disease
was almost certainly 7. Pecorum, but if vice versd then 7. Nanum was probable.

11].—The Transmassion of the Disease in Nature.

This part of the problem is in its infancy and is beset with many difficulties.
An attempt to imitate natural condition in the laboratory is surrounded with fal-
lacies and because a given fly may be found capable of transmitting diseases from
one animal to another under the artificial condition of the laboratory, it does not
necessarily follow that this fly is the responsible agent in nature. For instance,
we did a deal of work in the transmission of 7, Pecorum and found that in the
laboratory Glossina Palpalis, the human tse-tse fly, was capable of transmitting
the disease from infected to healthy animals, but we found that widespread epi-
demics occurred amongst cattle in the absence of these insects. Flies of the
species 7abanus were strongly suspected on epidemological grounds of being the
carrier but experimentally it was never proved,

As to T. Vivax, there is pretty strong evidence to shew that G. Palpalis is
the true carrier. Flies caught on the lake shore were found to be naturally- in-
fected with 7. F7vax and were able to transmit the disease to clean animals when
they were allowed to bite them. Enormous and rapid development of trypano-
somes ip the probosis of G. Palpalis is characteristic of infection with 7. Vivax,
as this phenomenon is never seen in G. Palpales when infected with the parasite
of human Sleeping Sickness. '

Further, wiid antelope killed on the lake shore were found to be naturally in-
fected with 7, Vivax which was found in its blood, Reference may be made to
the facts already proved that 7. Gambiense is transmitted by ‘tse-tse flies; T.
Lewisi by the rat flea and rat louse; Schizo-trypannum Cruzi by a Reduvial bug,
and 7. Equiperdum by sexual intercourse in equines. This shows what a variety
of ways these parasites have chosen in order to perpetuate their species.

In deciding whether a given insect should be accounted the true interme-
diate host of a disease, it is necessary to bear in mind certain rules which 1 ex-

press in the form of postulates.

I. The parasite should be found in the insect in its wild state and the dis-
tribution of the disease and of the carrier should coincide, remem-
bering that the intermediate host may exist without the disease, but
where the disease is spreading the insect carrier must be present.

I1. The parasite should be shewn to be capable of living, developing and .
perhaps passing through certain stages of its life history in the body
of laboratory bred specimens of the suspected carrier which have
been fed on infected material. (This eliminates the confusion
liable to be caused by the presence of natural parasites in the
insect. Hereditary transmission of these must be excluded.)

11. The disease should be transmissible from a diseased to a healthy
susceptible animal by the intermediary of Jzboratory bred insects
of the appropriate species,

1385C
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If we apply these postulates to well known protozoclogical diseases, we
find that ;—

The mosquito malaria theory satisfies all three postulates, so does the
action of the tse-tse fly in sleeping sickness, the rat flea in
plague, the tickin the transmission of African Spirochaetosis,
and the louse transmission hypothesis in Indian relapsing fever,
The stegomyza is the proved carrier of yellow fever, though it
only satisfies part of the first and the third (which is the import«
ant postulate) and similarly the louse may be considered to be
the true carrier of typhus fever though the micro organism
concerned has not been identified. The role of the bed bug
in Kala Azar isin aless stable position asonly postulate 1I
is as yet satisfied.

IV.—Tle Reservior.

Until recently this interesting phenomena was unknown in the bionomics
of bacteria, but now it is known that the reservoir in protozoology
and the “ carrier ” in bacterial diseases such as typhoid, ‘cholera,
diptheria, are in a sense analogous. There is the difference that
the “reservoir” of protozoological infection is generally a mammal
of another species which has become insusceptible, probably owing
to racial immunity produced by recurring ancestral infections acting
either on the race as a whole or more probably affecting the species
in a particular infected locality.. This is not the case in the
bacterial carrier which has become immune owing to a more or less
recent attack of the disease from which it has recovered.

In some protozoal diseases, such as piroplasmosis, it is probahle that the im-
munity is conferred by infection soon after birth.,

In these diseases the infantile attacks are generally mild, but if an individual
escapes or grows up in a non-infected neighbourhood and is transferred in adult
life to the company of reservoirs and intermediate hosts, a very severe and often
fatal form of the disease follows. 'l his accounts for the phenomenon frequent-
ly seen in stock raising countries where importation of healthy animals from a
clean locality into another apparently healthy, but really infected herd, results
ina fierce and fatal epidemic amongst the imported "animals and amongst
them alone. ~Our important observations about the antelope and cattle reservoirs
of sleeping sickness have been referred to in some detail in another paper, and
similar observations have been made by us in the case of 7. ¥svax which is found
in the lake shore antelope, but especially in Bruce’s original work in which he was
the first to point out the part played by buffalos and wild game as a reservoir of
the tse-tse fly disease of cattle in South Africa. Similar observations have been
made by other observers concerning the influence of domestic cattle in India i
relation to outbreaks of surra, and it is probable that the dog plays some part in
the spread of Leishmania infection in Mediterranean countries. It should be
remembered that the actual parasitic infestation of reservoirs may be extremely
scanty or apparently absent. In such cases it may only be testing the animal
with the appropriate intermediate host that the evil powers of the reservoir can be
proved. It was found that certain antelope infected by the Uganda Commission
with sleeping sickness, remained constantly infective to tse-tse flies and through
them to other susceptible animals for over a year, though from first to last the most
painstaking efforts failed to reveal the presence of the parasite by microscopic
examination. Therefore apparent insusceptibility of an animal to a protozoon
parasite does not prove that it may not in certain circumstances act as a reser-
voir to that parasite.

V.—Cultination of Trypanosomes on Artificial Media.

The medium used is that described by Novy and MacNeal which is a mix-
ture of blood and agar. Some trypanosomes grow readily on this medium whilst
others have hitherto defied all attempts to cultivate them outside the body,
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It is difficult in the present state of our knowledge of the cultivation of
trypanosomes to say what place this will take as a means of differentiating one
species of trypanosomes from another, for when cultivation is successful such a
;Iw::rsﬁy of shapes and sizes arises that all semblance to the type form is
ost.

Comparison between the two photographs shewing culture form of
7. Pecorum and T. Vivax will make the point clear. These two parasites grew
readily in blood agar medium, but cultures of 7. Gambiense were not successful.

‘Other methods of differentiating trypanosomes have been described, but as
none of these have come within the experience of the writer they will only be
briefly referred to. :

VI. One of the most important of these is the * crossed immunity test " as
used by Laveran. ’

This is a difficult and somewhat expensive test to apply and though subject
to certain fallacies it affords valuable evidence in suitable cases. [t requires that
a series of animals should be kept goiag in the laboratory which are immune
(by repeated inoculation) to particular trypanosomes. If the trypanosome
under identification is injected into this 1mmunised animal, the animaF does not
develop any further disease if the species are the same, but if the species injected
is different to that against which the animal has'been immunised, then infection
with that new disease follows. :

VIL. The agglutination of trypanosomes by a specific serum may also be
used in distinguishing species, but the test is stated to be uncertain
in its results. A new method has recently been described whereby
trypanosomes treated ¢n vitzo with a heated specific serum exhibit
the power of attaching themselves to red corpuscles. The value
of this *“ attachment phenomenon " has yet to be decided. A new
field of observation is just being opened up in the question of de-
velopment of trypanosomes in the tissuds of the mammalian host.
Some nparasites (e.g. Schiso trypanum Crusi)) are believed to
undergo schozogony in the tissues of their hosts. Then' again
much interest surrounds thechanges which the parasites undergo
in the carrier or intermediate host ; this has been instanced before
when shewing how markedly the development of 7. Vivax in
G. Palpalis differs from that of 7. Gambiense in the same fly.

The foregoing remarks wilt give some idea of the difficulty which the pro-
tozoologist finds in verifying the position of a new trypanosome, a process more
difficult, mcte lengthy and more expensive than that required for the identifica-
tion of a new bacillus. '

The tables which follow summarise briefly the information given in the pre-
vious pages.

Table I.
The morphology of trypanosomes,

Table 11.

Animal reactions.
The transmitting agent.
The effect of cultivation, etc.

List of photographs and lantern slides.

(1) 7. Pecorum,
{2) T. Vivax.
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(3) 7. Bruces.

(4) 7. Nanum, ,

(5) 7. Unsforme (formerly called 7. Casgalbout).
(6) 7. Evanss.

(7) T. Ingens (from Bull).

(8) T, Ingens (from Reed Buck).

(9) 7. Elephantis.
(10) 7. Gambiense.
(11) Avian and Amphibian trypanosomes.
(12) Cultural forms of 7% Vivax.
(13) Cultural forms of 7. Pecorum.
(14) Cultural forms of 7. Galliinarium.
(18) Crithidia Grayi.

Papers published in the proceedings of the Royal Society to which reference has
been made in the preceding pages.
Vol. 81. (1) “ Trypanosoma Ingens” (Nov. ép).

(2) A note on the oceurrence of a Trypanosome in the African
Elephant.

Vol. 82. (5) Glossina Palpalis as a carrier of Trypamosome Vivax in
Uganda.

(6) Repoit on a collection of blood parasites made by the
Sleeping Sickness Commission, 19o8-1gog, by
E. A. Minchin, M. A., Professor of Protozoology in
the University of London.

(7) * Amakebe' a disease of calves in Uganda.

(9) Experiments to ascertain if cattle may act as a reservoir of
the virus of Sleeping Sickness.

(10) Trypanosome diseases of domestic animals in Uganda.
I Trypanosoma Pecorum.

(11) U Trypanosoma Bruces (Plimmer and Bradford).
(12) UL Trypanosoma Vivax (Zeimann).

(13) IV. Trypanosoma Uniforme (Sp. Nov.).

(14) V. Trypanosoma Nanum.

(15) Experiments to ascertain if the domestic fowl of Uganda
may act as a reservoir of the virus of Sleeping Sick-
ness., (7. Gambzense.)

(16) Experiments to ascertain if antelope may act as reservoir

of the virus of Sleeping Sickness. (Zrypanosoma
Gambiense,)

(17) Experiments to ascertain if certain Tabanidae act as the car-
rier of Trypanosoma Pecorum.

Reports were also published dealing with the distribution and biting flies
and ticks in Uganda.
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THE BODY LOUSE (PEDICULARS VESTIMENTI) AS A DISEASE
CARRIER.

THE BODY LOUSE AS A CARRIER NOF RELAPSING FEVER.

By Captain F. P. Mackie, I.M.S., on special duty for the investigation of Kala
Azar.

The first record of the louse being suspected as a carrier of a specific disease
dates from the publication of the observations made at Nasik  in August 1go%
on an epidemic of Relapsing Fever.

The epidemiological feature of the outbreak was interesting and suggestive
and gave an immediate clue as to the probable carrier which was borne out by

further experiment. ,

The outbre 1k occurred in a mission settlement amongst a juvenile popula-
tion,

The boys and girls occupied separate buildings well spaced from each other
in a large compound—the sanitary arrangements, water-supply and food were all
carefully supervised and the climate of Nasik is a very pleasant one situated as
. # ¢ at the top of the ghauts. 4

The epidemic broke out about a month before I arrived and at the time “wasg
declining rapidly, so that the observations were lacking in some important direce
tions. The disease broke out in the boys’ ward and in about a month 135 out
of 145-of the boys were struck down. ~The disease spread to the girls later and
progressed very slowly and it is important to note that the first 15 girls to be
attacked were all occupied in nursing the boys. Ultimately only 35 girls out
of 115 suffered and the disease spread very slowly amongst them. Practically
every relation or visitor to the boys’ ward who came to nurse or sit with the sick
boys contracted the disease whilst there was no such dangerous infectivity in the
girls' ward.

All the boys occupied new buildings which were large, airy, and clean and
gave no cover for bugs whilst the female wards were very old, dark and dilapidated
and swarmed with bugs.

From the very first then the evidence was against the bed bug theory and
in this | was not surprised for by the experience of eighteen months’ experimental
work in the termsmission of Relapsing Fever ® | had come to the conclusion that
Cimex was not the true eerrier of “the disease. The epidemiological evidence
was all in favour of the body loust as a carrier for these insects swarmed in the
c}l}othes and in the persons of the boys whust the girls were practically free from
them,

In the first fortnight despite the offer of rewards and the enthusiastic
support of the mission people and of the children themselves only 29' body
lice were found in the girls’ ward but every day more came from the boys’ ward
than' I could deal with,

The dissection of body lice was started at once and at the end of a fort-
night 112 from the boys’ ward were carefully dissected, of which 2410 per cent..
were more or less highly infected with spirilla. At this time 29 had been caught
on the girls and only one of these was infected. '

At the conclusion of my month’s stay at Nasik, 14 per cent, of the boys’ lice
and 27 per cent. of those from the girls were found infected with spirilla,

Towards the end of the epidemic when the percentage of louse infection
was falling rapidly, fifty-two lice were fed artificially (or given the opportunity
to feed) on infected boys and of these 13.4 per cent. became infected. These
fifty-two were not clean bred lice but were obtained from non-infected persons.
about the hospital, It should be stated that, not to my knowledge, has the body
louse ever been shewn to be naturally infected with spirilla. I have examined
many hundreds in various parts of India and have never found spirillum anywhere
except amongst these Nasik lice. [ have found at Nasik and in Bombay lice
naturally infected with an Herpetomonas which has recently been described by
Fantham as Herpetomo as Pediculi.
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It is not, necessary now to go minutely into the results of the dissection of
infected lice but the series of lantern slides which I have prepared from my
original drawings will give a good idea of the appearance of Sp. Carteri under
vanous conditions including those seen in the louse dissections.

Lantern Slides.

List.

3. Spirillum Carteri (Mackie) from the blood of a human patient.

2. »” " » just before the crisis.

3. » ” . from a monkey,

4. " »” » ” » just before the crisis,

5. » ” " from the stomach of an infected louse suggesting

longitudinal division.

6. ” " " Stamed for flagella.

7 ” » » from cultures.

8. " " ” shewing spore like bodies.,

9 ) ” 3 »o » (more advanced).
10. ” » " in renal cortex of a monkey.
i1, " » » ,; & necrotic patch in the liver.
13. . ’ » from alimentary canal of Pediculus Vestimenti.
14, ’ » » sy mouth secration of
18, » " » tissues of a young louse.
16. » » " mouth parts of an infected louse.
17. ” » 5 stomach of a louse.
18, " " »  cloudy fluid from mouth parts?)

of a louse. from photo-
19. ” ” » - cloudy shewing free spore likej micrographs.
bodies.

It appears therefore that the chief seat of multiplication is the alimentary
canal of the louse. Primary multiplication takes place in the stomach and
increases as the meal of blood is digested so that the heaviest infections are
seen in hungry lice or those in which there are only the remains of blood to be
found in the alimentary canal.

Later it is possible that the infection travels forward to the pharynx and
mouth parts and at this stage an. opalescent fluid can be obtained from the
mouth parts, the opalescence being caused by the presence of swarms of active
Spirochaetes in a fluid medium.

The question of salivary infection is unsettled, but I.am inclined to think
that it is the pharyngeal part of the canal which ptovides the nidus for infection,

Whether the ovary is infected or not is uncertain, but here again I am .
inclined to think that the generative organs are secondarily infected and by this
means some sort of hereditary transmission is ensured, a process which seems
probable in the case of so short lived an insect. B

About 100 ova from the infected ward were cxamined but no spirilla were
found. In view cf l.eishman’s "mfect.lve granule” hypothesis the question of
ova infection and heredilary transmission requires re-examination,

As regards the question of other possible carriers [ examined large muniber
of bugs from-the girls’ ward (and also some other insects) but though spirochaetes
may be found and may even multiply a little in the stomach of the bed bug it is
only in the presence of fresh blood and never results in anything but a scanty
Infection which soon dies out.

[ am more and more convinced that the Cimex transmission theorv of
Recurrent Fever is not the correct one and I believe that the body louse will be
found to be the true transmitter of the spirochaetes in Europe” as well as in
India as it has already been proved by Sergent to be in the recurrent fever of
Northern Africa.
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I will now pass on to give the evidence of other workers for or against the
louse transmission Lypothesis.

My original paper was published in December 1907 and I received a com-
munication a few weeks later from Dr, Ed. Sergent from Paris that he had
independently come to the same conclusion.

1. His paper (with Dr. Foley) @ was published in March 1908 and in it
they stated that infected lice were obtained from an outbreak of Relapsing Fever
on the Moroccan Frontier and that some were sent to Paris for examination.

A morfkey inoculated with the broken up body of 2 single louse developed
relapsing fever, but negative results were obtained with 18 bugs and 22 ticks:
(Argas Persicus) sent from the infected area, The epidemiological factors they
state were also strongly in favour of the body louse.

Il Asa side issue of the potentiality of the disease carrying power of lice
reference may be made to Mantefel ¥ and the role of the rat louse (Hemato-
pinus Spinulosus) in the transmission of’ European recurrent fever.

Infected and clean rats were kept together and after six to eight days 47
per cent. of the clean rats became infected.

The disease was never transmitted in this way in the case of rats free from
lice.

He also succeedsd in infectine clean rats by -putting them in cages with
corpses of infected rats recently killed by ether, the lice left the dead rats and
migrated to the healthy ones.

Mantefel affirms that the louse transmits the -disease by biting the rats and
it is not due to the lice being crushed or eaten or that the spirochaetes passes
through the skin. He further states that the parasite does not escape by the
alimentary canal with the faces nor does the rat contract the disease by the
alimentary tract.

Nothing was found in the eggs of infected lice. The louse remains infective
for a very short time, for after 24 to 48 ina healthy rat the louse loses its
power of infecting a third rat.

He tried to transmit Spirocihaeta [Duttoni by means of the rat louse from
rat to rat, but had only one success in eight experiments. Similarly with the
rat flea Ceratophyilus Fasciatus and Spirochaeta Dutfoni where again be was
successfulonce in eight experiments.

This experimenter then enters into a discussion on the possibility of the rat
Jouse Acting as a carrier of the human disease but concludes that it is impro-

bable.

He points out that the Hematopinus is nearly related to human lice and
he believes that by analogy ¢he human relapsing fever of Europe is carried by
human pediculines.

In reviewing this important paper in 1908 Professor Mesnil refers to my
original paper in the Nasik epidemic and also to the first paper of Sergent and
Foley, then but recently published, and concludes * this very plausible - hypothe-
sis deserves verification by further experiments. ”

The rat louse has also been proved by Prowazek ind verified by Minchin
-and others to be interposed in the life cycle of Zrypanosoma Lemist of the rat.

“Shellack ® produced some negative evidence in favour of the louse hypo=
thesis. He tried to transmit Sp. Obermeiri to the rat by means of Argas
Reflescus and to the rat and to the monkey and to man by the intermediary of
the bed bug. Al the experiments were negative. = He reviews the facts about
transmission of relapsing fever and agrees that they are in favour of the hypo-
‘thesis of louse transmission.

One of the most convincing pa(geré yet published on this subject is that
py Graham U. Smith ‘® entitled “ On some cases of Relapsing Fever in Egypt
and the question of carriage by domestic vermin” published by John Bale Sons
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and Dahiel & Son, Limited, in 1gog. He gives an account of a carefully
conducted enquiry into an outbreak of Relapsing fever in an Egyptian prison,
He goes very minutely into all the epidemiological aspects of the disease; he
writes p. 4. *‘ From the result of the enquiry into the prevalence at Tura of
external parasites usually regarded as possible or probable transmitters of
Relapsing Fever namely ticks, bed bugs, body lice and fleas it may be concluded
that one or other of the two last named only “could have been instrymental in
this instance. ”

He quotes Dr. Kirtgn who deals with epidemics at two of the Egyptian
prisons who also came to the conclusion that the louse theory of communication
furnished the most satisfactory explanation of the spread of the infection from .
prison to prison.

In all these three epidemics it appears that bugs were apsent whilst body
lice were present in greater or less numbers corresponding to the rapidity or
otherwise of the spread of the disease.

Graham Smith then goes very fully into most of the past and recent history
of outbreaks of relapsing fever dealing in a very careful and cautious way with
all the epidemiological facts which tend to throw any light on the question of
transmission.

He also quotes largely from my original papers and from those of Sergent
and Foley already referred to and gives his own experience both experimental
and clinical in suppart of his views.

On the whole his analysis of the question from ali points ot view leaves one
almost convinced that all the evidence of epidemics in Europe and elsewhere both
in past and in recent times points almost incontestibly to the body louse being the
true carrier of relapsing fever and almost as strongly against the bug hypothe-
sis.

He concludes by saying : —

‘“ Most of the arguments agamst bed bug conveyance are points in favour
‘““of louse propagation, the most distinctive being the occurrence of
“ outbreaks where no other suctorial vermin existed. The tempor-
“ary infectivity of clothing and the neutral behaviour of the infection
‘“ under the influence of climatic extremes.

““Relapsing Fever in Europe and in North Africa, India and Indo-China
“is in all probability transmitted by body vermin (louse or flea) in
“the act of feeding and the available evidence is as favourable to
“ Mackie's hypothesis as it is opposed to that of Tictin.

T sent miscroscopic specimens and copies of the papers to distinguished
protozoologists on the contivent and in America and received several answers.
verifying the accuracy of the obvervations. Professor Fraenkel of Halle wrote
dated February 25th, 1908, ““ with the greatest interest I have read 'thc.a publlqa-
tion you had the kindness to send me. | am indeed after your description quite
persuaded that the louse is really the post and the transmitter of the spirilla
and one of the most incomprehensible facts of the epidemiology of the recurrent
fever will be explained by your discovery. ”

At alater date (1910) Sergent and Foley, ") reported another outbreak
of Algerian Relapsing Fever the cause of which they believe is a new species
“of spircchaete (S. Berbera). They came to the conclusion that it is carried by
the body louse as they were able to transmit the disease in two cases to human
beings by means of lice taken from the sick. On the other hand they examined
Argasidz, bugs, fleas and mosqujtos and found no evidence that any of these

could act as vectors.

Lemaire ® worked with the Algerian disease of the same type as that
studied by Sergent and Foley. He tried to transmit the disease by the bites
of lice and by the injection of the bodies of lice but his experiments were nega-
tive. In July 1911 Sergent and Foley @ return to the attack and record
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another outbreak of Algerian tecurrént fever. Here again the epidemiclogical
facts were strongly against ticks and other insects but strongly in favour of body
lice with which the patients were infested.

Nine monkeys were inoculated with lice taken from sick patients less than
four days previously and of these nine, one became infected.

A further series of monkeys was inoculated from lice which had been kept
more than four days after removal from the patient and four of these monkeys
developed spirocharosis.

The infections in these monkeys were just as severe as in these inoculated
with blood rich in spirilla the only difference being that the blood infected
monkeys developed the disease in less than 24 hours whereas zhose infected
by lice developed relupsing fever in from 6 to & days which is the natural
tncubation period of the disease.

It is strange to note that neither in this case nor in the records of any other
observer but myself have spirilla ever been discovered in any numbers in the
bodies of the lice, whether this is a peculiarity of the Indian disease or whether
the temperature and other conditions of Nasik were particularly propitious I can-
not say.

The discoveries of Leishman ©? on the phenomenon of the ‘‘infective
granule” in Spirochaeta Duttoni and Ornithodorus Moubata may axplain this,
He found that the Spirochaetes generally disappeared from the tissues of the tick
after an infected feed, but yet the arthropod remained infective.

He found that by raising the temperature of the ticks to apprecximate mams
malial blood heat, there was a reappearance of spirochaetes in its tissues, and so
he concludes that the granules in the tick represent a resting stage and when
the granule-containing fluid is injected into the appropriate warm bloaded animal
the spirilla so to speak hatch out and reserve their normal blood form. If this
applies to Spirochaetes in lice it explains why so many good observers have
failed to {ind the parasites in the bodies of infected lice and raises the question
why they were so obvious and unmistakable in the lice at Nasik.

~ BAYOV.  (Parasitology, June 1912), 'studied an epidemic of Relapsing
Fever in Moscew and he found that in the infected quarters Cimex was :bsent
but P. Vestimenti s varmed He concludes on clinical epidemiological gcounds:—

“ From what [ have seen in Mostow I am of opinion that the transmission
of relapsing fever in Russia is commonly e¢ffected by Pediculus
Vestumentorum and not by Cimex.”

He quotes Fehrmann ¥ (the original paper I have not seen) who came to
the conclusion in 1910 on epidemiological and clinical grounds that recurrent
fever in St. Petersburg was being carried by body lice.

The Body Louse and Typhus Fever.

Those who have experienced epidemics of relapsing and typhus fever must
have been struck with the close similarity of the epidemiological conditions under
which these two discases occur.

In my crigina! paper I said with reference to Relapsing feuer that “it has
“always been associated with poverty-stricken, over-crowded and- half-starved
“'communities and ic is under just such conditions that lousiness is at its worst.
“Again in mixed communities, as in Bombay, the disease attacks the poor, dirty
“and low caste living in squalid tenements to the exclusion of those of cleanly
“habits and better conditiohs of life.

“ Relapsing fever is a ‘ personal’ and not a ‘place’ disease, and amongst
“stricken communitics the infection spreads from person to person very rapidly
“after only 3 few days exposure dnd mere contiguity without contact is not suffi-
“Icient to carry in the infection.”

13380
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These remarks are applicable in every particular to Typhus fever and I was
strongly of opinion that the latter disease was also louse borne and it is a lasting
regret to me that I was not able to apply myself to the problem of Typhus fever.

However this has been done to old world Typhus by Nicolle-—
(Compt. Rend. Accd. Se., July 12th, 1909)
(Compt. Rend, Accd. Sc., September 6th, 1909)

and to Mexican Typhus or tabardillo by Anderson and Goldberger (Pub. Health
Department, December 24th, 1909,) and by Rickets and Wilder. ‘

In the Journal American Medical Association,
February 5th, 1910, page 463.
do. April 16th, 1910, page 1304,

» July 23rd, 1910, page 309,
The results of these researches goes to prove that typhus fever both of &

old and new world is a louse borne disease. I will here summarise briefly some
of the conclusicns to which these investigators arrived,

Nicolle and his associates were the first to shew that tvphus fever was
transmissible from man to chimpanzee and from the chimpanzee to Macacus
Sinicus by the injection of infected blood.

This part of their work does not concern us now except that thev found that
M. Sinicus could not be inoculated directly from man and that in any case
considerable quantities of blood were necessary to ensure a successful transmis-
sion from man to the anthropoid and thence to the monkey. Their results
differ somewhat from those of Anderson and Goldberger and of Ricketts and
Wilder who found that Macacus Rhesus and a capuchin could be directly
inoculated from man, a fact which suggests that the diseases are not exactly
identical though they are certainly closely related. We may recall similar
disciepancies in the Relapsing Fever of different parts of the world. Cuitivation
of the blood in all instances proved negative in the hands of all these observers
but Ricketts and Wilder found the virus was stopped by filtration, 7. e., it is not
a ‘filter passer.”

Nicolle first succeeded in transmitting typhus from a chimpanzee to a
macacus monkey through the bite of the louse (P. Vestimenti). He used 29
lice which fed first in the anthropoid and then on the macacus for several
successive days. [t is interesting to notc that according to Ricketts and Wilder
the minimum infective dose of blood injected by a syringe is between o0'2 and 10
for the monkey. In his successful louse transmission it is certain that the
amount of blood injected was very much less than 02 c.c., I have pointed out
the same in relapsing fever that the blood dose necessary to infect a monkey is
much in excess of that injected by the intermediate host. This points in both
cases to specific and not casual infection of the body louse.

Ricketts and Wilder sum up their first two papers as follows :—

I, 1t seems that Macacus Rhesus can be infected with tabardill-
invariably by the injection of virulent blood from man taken on th%
8th, 1oth day of fever. The blood should be diluted with salt
solution. : :

1I. Attempts to maintain typhus in the monkey by passage through other
monkeys were not successful.

I11. The monkey may pass through an attack of typhus so mild that it’
cannot be recognised clinically. Vaccination results,

IV. The immunity test is a reliable proof of the previous occurrence in non-
occurrence of typhus at least within a period of a month.

V. Typhus was transmitted to the monkey by the bite of the louse in two
experiments, the lice in one instance deriving their infection from
man and in another from the monkey.
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V1. Another monkey was infected by typhus through the introduction of
the fzces and abdominal contents of infected lice into small
incisions. Other experiments, in which the immunity tests have
not been given, corroborate the carrying power of the louse.

In their third paper, July 1910, Ricketts and Wilder~—examine the question
of hereditary transmission in lice and bring some evidence to shew that this does
occur,

They then discuss the epidemiological and experimental evidence for or
against other insect carriers (bugs and fleas) in typhus and conclude that there
is no reason whatever to suspect either of these insects as playing any part in
the transmission.

The bionomics of the body louse.

[ do not propose going at all minutely into the anatomy of the louse as it
does not concern us as hygienists and moreover their general naked eye
appearances and particularly their habits serve to differentiate them easily from
head lice (P. Capitis) and other personal vermin. Apparently entomologists find
some difigulty in differentiating the head and body lice anatomically, for
Neumann (Archives de Parasitoiogy, Volume 14) concludes that the body louse
is a sub-species of the head louse and not a distinct species. The following
lantern slides shew better than any description the principal points of interest.

1. External anatomy of the body louse.
11, Alimentary canal and appendages.
I1I. Generative organs of the body louse.
VI. Herpetomonas Vestimenti Fantham,

It is generally easy to distinguish between the head and body lice even apart
from their strictly maintained habitat.

Body lice are pale or dirty white colour, head lice in this country are dark or
black in” colour and some shew a dark ventro thoracic shield which I have never
seen in P. Vestimenti., The legs of the body louse are- longer and less curved”
and white in colour differing in all these particulars from the other species.

The temale pody louse is nearly twice as large as the adult male but there
is little disparity in size of the sexes in the head louse

The former lays glistening white eggs in the recesses and seams of the
clothing whilst the nits of the head louse are glued to the nairs.

The stomach of the body louse seen with a hand lens is very obvious from
the ventral surface as a bicornuate pulsating organ but this is not so in the head
louse whose exo-skeleton seems tougher and more chitinous and therefore
more opaque. | may add here that I found no evidence to incriminate the head
louse in Relapsing Fever nor apparently has any one else.

| examined over 100 head lice from infected boys and girls at Nasik and
found nothing, indeed I doubted whether they ever suck blood as in none of
these did I find blood or its remains but only a greasy sebaceous material which
they doubtless get from the skin of the scalp. (I am probably wrong about
this as Patton tells us he has found blood in head lice, but I can only record mv
own experience.) '

Warburton, (1909 Local Government Board Reports: London) and more
recently tantham, (Proceedings Royal Society B., Volume 84, 1912,) have writ-~
ten on the habits of the body louse and the following description is “taken from
their papers modified by my own experience in Nasik, Bombay and Madras.
[ice are best kept in tubes on small pieces of flannel or clqth in the dark or
subdued light as they succumb quickly to sun light. The eggs are found firmly
glued to the fabric aad if removed must be cut away with fine scissors. The
ecgs take from a few daysto a few weeks to hatch out and this does not seem
entirely to depend on the temperature,
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In India both:eggs and adults do bestin a cool incubator. The larve are
tiny white and wvery active creatures which feed at once if placed on the back
of the hand, they turn red with blood in three or four minutes. Moulting occurs
every few days.

The imaginal stage is attained in about eléven to twelve days after hatching,
sexual ‘maturity about four days later. ‘(Fantham),

Copulation is curious and explains the functions of the secondary sexual
appendages. If watched under a low power the male is seen to creep beneath
the female and lock his first pair of claspers firmly round the base of the anterior,
middle and posterior pan of the females’ legs depending onthe relative size of
the two insects. The penisis protruded and then strongly retroverted and
along its sheath is a densely ribbed chitinous plate. This is powerfully grasped
by a pair of chitinous claspers situated in the ventral surface of the female. A
rythmical peristalsis of the internal organs follow accompanied by the passage
of sperm packets. The free males when in an excited condition may be seen
running actively about with their post extremities raised and retroverted like
those of scorpions. Egg laying is at the rate of a few days and sometimes
throughout the life of the female.

Warbuston found that the life of the male was about three weeks and that
of the female aweek longer. I find they do not often live aslong as thatin
India but generally about 7 to 10 days but I have not fed them twice a day as
Warburton states is necessary to keep them in perfect health., Under ordinary
conditions the mortality amongst them iswery high, sometimes a whole batch
will die in a few days or in a single night for no known reason; unless they are
fed at least once daily they die off very quickly. It is easy to feed them, the
pieces of cloth should be placed on the skin and the insects lifted off one by
one placed on the bare skin. They settle down at once and begin to suck, the
stab is not felt by the patient; as they fill themselves the abdomen is raised
from the skin till at the end of the process the louse is standing on its head
vertically. When full they leave go and make for cover. '

I pointed outin my Nasik paper how they transfer themselves from one
piece of cloth to another when these are brushed together and this is very
«marked when they are feeding, for if a piece of cloth is passed over them every"
“louse, in whatever stage of feeding, at once clings to the passing cloth. Thisis

of interest in shewing how one person can transfer infecticn to another by casuul
contact.

The paper referred to by Fantham deals with a natural parasite of the body
louse which he names Herpctomonas Vestimenti (Nov. Spec.)

I first saw and referred to this parasite in my original paper (British Medi-
cal Journal, December 14th, 1907) where I, in ignorance, called them Crithidia.
I did not however describe them accurately and the credit therefore rightly be-
longs to Fantham, The presence of this flagellate must be remembered by those
investigating the disease carrying power of the louse especially in Kala Azar.
In Madras last May 1 fed 279 body lice on patients suffering from Kala Azar who
had ZLieshmania Donovant in their peripheral blood. On subsequently dissecting
these at different intervals [ failed to find flagellates of any sort.

 The habits of the louse make it one of the easiest of all blood sucking para-
sites to éradicate,

Personal cleanliness, the disinfection and even plain washing of clothes is
sufficient to kill them especially if the garments are afterwards exposed to the
sun todry. 1 have made no expetiments on the resistance of eggs, but I belicve
this is not great. Warburton says eggs may live a month and be transmitted
to a distance in clothing. '

It is probable that the isolation of patients together with the disinfection of
clothes and bedding and the avoidance of actual contract (such as sitting on
beds) will suffice to cut short epidemics both of relapsing fever and of Typhus.
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