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PREFACE

IN the early days of plague in India most strenuous

efforts were made to stamp it out by the means adopted
in European countries in dealing with epidemic digease;
but these efforts failed and they too often led directly to
the misfortunes which they were designed to avert. When
it wag recognized that it was impossible to deal effectively
with the epidemic without the help of the people them-
selves, a policy of persuasion and assistance was substituted
for the more rigorous measures, but this also failed to
prevent the extension of the disease, although in many
places some degree of success was achieved.

Considerable progress had been made in the study of
the epidemiology of plague and valuable work had
been done in laboratories in India and elsewhere, but
there remained serious gaps in our knowledge which it was
necessary to fill in order to give greater precision to the
measures of prevention which it was possible to adopt.
In the autumn of 1904 the Government of India there-
fore addressed the Right Hon’ble the Secretary of State
for India with a view to undertaking a more complete
enquiry into the etiology of the disease than had hitherto
been attempted. As a result of this representation the
Secretary of State replied that, on the recommendation
of the Royal Society and the Lister Institute, he pro-
posed to form a committee representing these bodies
and the India Office and to grant to them £5,000 renew-

able annually for the purposes of the investigation, which
19 8. C.
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it was proposed should be undertaken under the direc-
tion of the committee by two experts chosen and paid
by them and two skilled bacteriologists belonging to the
Indian Medical Service. These proposals were accepted
by the Government of India, and an Advisory Com-
mittee was appointed consisting of the following
members :—

Surgeon-General Branfoot. C.LE., IM.S, India Office;
President.

8ir Michael Foster, K.C.B., F.R.S, .. .. .
Professor J. Rose Bradford, M.D., F.R.S. .. } Royal Society
Colonel David Bruce, C.B., R.AM.C., F.R.S. Lister  Insti-

Dy, C. J. Martin, F.R.S, Y tute.

(On the death of Sir Michael Foster in January 1907
his place on the Committee was filled by the appointment
of Dr. G. H. Nuttall, F.R.8.)

The Committee decided that Dr. Martin should visit
India to confer with the authorities there regarding
procedure and to initiate the worls

Dr. Martin arrived in Bombay early in April 1905, and
was followed in May by Drs. Petrie and Rowland, the
experts chosen by the Committee. After visiting Kasauli
Dr. Martin decided to commence work at Parel, near
Bombay, where the Plague Research Laboratory offered
special facilities.

In May the Government of India placed Captain
Liston’s services at the disposal of the Committee.
Dr. Martin, having resolved to remain in Bombay during
the summer, dispensed with the services of the second
officer of the Indian Medical Service during his stay.
Shortly before his departure on the 14th October 1905,
the services of Major Lamb were *placed at the disposal
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of the Committee. Before his departure Dr. Martin
represented the desitability of further assistance being
given, and Captain Gloster, 1.M.8., was deputed to work in
the Punjab under the orders of the Committee. When
Dr. Martin left India he handed over the direction of the
working Commission to Major Lamb as Senior Member,
when the Commission consisted of the following members :—

Major Geotge Lamb, M.D., LM.S,, Director of the Pasteur
Institute of India, Kasauli ; Senior Member. :

Captain William Glen Liston, M.D., LM.8., Plague Research
Laboratory, Parel.

Captain Thomas Henry Gloster, M.B,, B.Ch., LM.8.

George Ford Petrie, M.D., Assistant Bacteriologist, Lister
Institute.

Sydney Rowland, M.A., MR.OS, LR.CP., Assistans
Bactetiologist, Lister Institute.

M. Kesava Pai, M.B., C.M., Asgistant Surgeon, Assistant to
the Director, Pasteur Institute, Coonoor ; lent by the
Government of Madras, ’

V. L. Manker, L.R.C.P., LR.C.S,, D.P.H.

P. 8. Ramchandrier, Hospital Assistant, Mysore ; lent by
the Government of Mysore,

C. R. Avari, Hospital Assistant, Plague Research Labora-
tory ; lent by the Government of Bombay.

The Commission thus constituted continued to work
until May 1907, when it was considered that satisfactory
replies to the questions which had been placed before
them had been found, and the Commission was temporarily
dissolved.

The head-quarters of the Commission remained at the
'Plague Research Laboratory, Parel, the Director of which
Lieutenant-Colonel Bannerman, ILM.S., placed every
resource of his laboratory freely at their disposal.
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Tt was arranged that reports of the work done by the
Comumissi on should be published by the Advisory Commit-
tee in the Journal of Hygiene, of which two numbers con
taining reports have already been published. It seemed to
the Government of India, however, necessary that an
account of the work done by the Commission should be
submitted in a simple form to the public as soon as possible,
and the following summary has been compiled for that
Purpose. It is intended that the facts ascertained shall
be used by administrators in framing measures for the
prevention of plague, and it is hoped that the knowledge
of the facts will help the people to understand the reasons
for those measures,

The summary has been compiled by Major George
Lamb, I.M.S., who is alone responsible for the form in
which the observations are set forth and for the way in
which they are interpreted.

J.T. W, L.

SiMLa,
The 27th October 1907,
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ETIOLOGY AND EPIDEMIOLOGY OF PLAGUE:
A SUMMARY OF TLE WORK OF TE PLAGUS COMMISSION,

—

Part T.~INTRODUCTION,

The first duty of the Commission was by study of the liter-
ature and by careful enquiry from workers in India to ascertain
the main conclusions which had been already formed regarding
the- epidemiology of plague. In the first progress report to the
Advisory Committee these conclusions were set forth and may
be briefly summarised as follows :—

(1) Plague, with the exception of the pneumonic form,
which, however, is uncommon (2'5 per cent. of all
cases), is not particularly infectious or contaglous and
man to man infection plays no 1mporta.nt part in the
spread of epidemics in India. The disease may, how-
ever, be introduced into & new locality and so ultimately
occasion a new outbreak by the agency of man.
For this to occur it is not necessary that the human
agent himself should be suffering from the disease.

(2) Definite localities, huts, rooms or houses, in which
plague has oceurred amongst rats or man, are during
an epidemic highly infectious. Further, the infection
seems to cling to these localities for a long time.

(3) While plague can exist and spread under a great range
of climatic conditions, it exhibits a marked seasonal
prevalence, which is the most striking feature of the
epidemiology of the disease.

(4) In-the great majority of instances plague in man is
associated with an epizootic among rats: and
there seemed to be the strongest reasons for regarding
the epizootic‘amongst rats as by far the most import-
ant cause of the epidemic spread of the disease.

Tt is necessary to state that, although the work of the
present Commission has demonstrated the part plaved by the

198¢C B
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rat and the rat-flea in the spread of plague, this demonstration did
not surprise plague workers in India. On the contrary, the obser-
vations, both spidemiological and experimental, which had been
made in India pointed to this conclusion. Lieutenant-Colonel
W. B. Bannerman, L.M.S,, has put on record the state of know-
ledge as regards the spread of plague prior to the commencement of
work by the Commission in a paper published in the Journal of
Hygione of April 1906. This paper is a digest of “ many very
valuable reports made by officers of the Tndian Medical Seyvice
who have dealt personally with plague epidemios, which reports
existing in the archives of the various local Governments are not
available for reference by the public.”” Colonel Bannerman
ghows that the trend of opinion amongst workers in India was,
that plague is disseminated through rats and that its spread to
man is occasioned by the agency of fleas. In this conneetion
Captain W. Glon Liston, - LMS. - (Indian Medical Gazelte,
February 1905) had shown that the common rat-flea in India
was Pulex cheopis and that this flea would bite man. In fact
he had taken many specimens of this flea on human beings in a
plague-infected house. He had also used guineapigs as traps
for P. cheopis in plague-infected houses and had on several
occasions observed that these animals became infected with
plague when exposed in this way. He had made the further
observation that numerows plague bacilli were to be found
in the stomach centents of rat-fleas taken on guineapigs in
plague-infected houses. Finally, (0 convinced were Colonel
Bannerman and Captain Liston of the truth of the flea transmission
theory that they. had designed and builf af the Plague Research
Labozatory, Parel, special godowns or cabins,” in which it was
proposed to carry out large series of experiments to prove this
theory, These godowns had just been completed when the
Plague Commission pegan work and, as we shall see, the experi-
ments which were made in them by the Commission went far
to prove that the rat-flea is the orly agent of transmission of .
plague infection from animal to animal.

It is not then too much to say that the work of the
Commission has been a cope-stone to eareful and tedious inves.
tigations already carried out in Tndia—and of course elsewhere—
rather than an original building, and that to the preliminary work
and to the ready and whole-hearted assistance which the Commis-
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sion received in India from all concerned the success of their
labours is largely due. . .

The work of the Commission consisted of both epidemiological
observations and experimental investigations. The epidemiological
observations were made in the City of Bombay itself, in four
villages in the north of the Island of Bomhay within easy
distance of the Parel Laboratory and in two isolated villages in
the Amritsar district of the Punjab. The experimental work was
carried out at the head-quarters of the Commission, namely,
the Plague Research Laboratory, Parel, Bombay.






Parr II—EPIDEMIOLOGICAL  OBSERVATIONS ~ ON
PLAGUE IN THE RAT AND IN MAN AND ON THE.
RELATION BETWEEN THE EPIZOOTIC AND THE
EPIDEMIC.

A.—Methods of invest gation which were adopted.
B.-~QObseryations on the rat prpulation.
C.—Observations on plague in the rat—the epizootic.
D.—Observations on plague in man—the epidemic.
E.—Relation of the epizootic to the epidemic :—

1. Relation in time :—

2. Relation in place.

3. Relation in quontity.

A —METHODS OF INVESTIGATION WHICH WERE ADOPTED.

The methods which were adopted for studying the disease
in rate and in man were practically the same in the various
places where the observations were made ; they differed only in
the agencies which were used.

In the first place, an endeavour was made to obtain daily as
many rats, alive and dead, a8 posgible and to examine these in a8
full detail "as possible. -

In Bombay City the collection of the rats was in the hands
of the staff of the Sanitary and Cleansing Department of the Muni-
cipality, which is under the direction of the Health Officer. With
this department arrangements were made for a daily supply of
several hundred rats (alive and dead) from all over the City.

In the four villages around Bombay and in the two Punjab
villages the collection of rats was in"the hands of the Commission
staff, assistance being obtained from the village officials,

Every.evening many traps were set in various situations and
were collected every morning. To evey trap was attached a label
giving the exact locality where it had been set, e.g., street, house,
ground-floor, first-floor, etc., godown, stable, gully. In this
way it was possible to allocate each trap containing rats to a par-
sicular part of & building. In the case of rats picked up dead a
dicket was attached to each rat indicating the exact place where it



had been found. While it cannot be denied that by ‘these
methods, which were the best available, only a percentage of the
dead rats were obtained. it is certain tliat this percentage was a
fairly large one and was & géod sample.

In Bombay all the rats were examined atithe Parel Laboratory ;
in the Punjab villages a small laboratory for the: purpose was
fitted up in a bungalow adjoining both villages. Elaborate arrange-
ments were nmiade for this examination, so that in Bombay
it was easily possible to deal with from 1,000 to 2,000 rata daily.

A flea cerisus of the live rats was firet made, the rats being
chloroformed to death for this purpose. They were then dealt
with in the same way as the rats brought to the laboratory dead.

A record of all rats was kept stating their weight, species and
gex ; if female, whether pregnant or not ; and if pregnant, the num-
ber of youny present. Further, all rats were examined to sscertain
whether they were plague infected or not, the diagnosis of such
infection ultimately resting in  the hends of one of the members
of the Commission. . A careful post-mortem examination of all
plague-infected rats was made and the' results described on & form
specially drawn up for the purposge. In Bombay this detailed
éxarmination was stopped after sbout 5,000 posi-mortem: records
tad' besn obtainied’, but in the: Punjaly it was' continued: throughout
the observations. As the acouracy of the stafistics: depends on
the adcuracy of the diagndsis of plagde in- the rats, particular
attention was paid to'this poit. Reference will be made to diagnosis
Iaber’ on,

T the decond plice, 48 cortplefs an iAvéstipaion as possible
was 1hide of every pligtie case: which came toi light.

Tn Bombay City the Commission' relied for this infor-

‘migtion on fHe stdff of the Health Department. For purposes
of administrition: Bowibay is divided by thw department into ten
districts’' and. each distriet into two or more sections. In charge
of each: district there iy & qualified Health Officer, the Registrar,
who hag under him & staff of sub-registfars; ifispectiors and menials,
AR the senior offiesrs: have an: wnusnally wide expérience of plague
on-ité clinical side and: besides' have a particularly thorough and
extensive knowledge of their districts.. Thiy superior staff was
trained by the Commission. to il up special plague case cards,
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which contained all the necessafy information. In addition to
the cards outline maps of each section were distributed to the
several offices and cach plague case with the date of report was
dotted on the map. The whole organisation was supervised on
the Commission’s behalf by two selected medical officers of the
Health Department and was daily superintended by members
of the Commission,

In the viliages, both in Bombay and in the Punjab, a complete
census was made, full particulars for cach house bemg recorded
on special census cards. These particulars included name, age,
gex, castc and occupation of every inhabitant. In the Punjab
villages, with a view to ascertaining how far plague tends to
recur in particular houses, full particulars of the previous mei-
dence of plague in each houss were noted on the cards. Every
plague case, and in fact every ease of illness, was visited by & mem.-
ber of the Commission. The same system of detailing the infor-
mation on cards and of spob maps was used asin Bombay.
Further, in order to gain the confidence of the villagers and thus
obtain early information and #void concealment of cases &
free dispensary was opened. in each village and placed in charge
of & competent medical man. At first an endeavour was made
to confitm the diagnosis by mesnis of a bacterislogical examina-
tion. Jt wad soon recognised, howevez, that eny attempt to
obtain material for examination a8 & routine measure would
defeat its own object by leading to conceslment of cases. The
procedure was therefors sbandomed and the diagnosis based on
clinieal features, which are usually sufficiontly typical.

In the third place, the relation of the rat epizootic to the
epidemic was investigated.

As regards time and quantity the relation was eadily ascertained
from an analysis of the daily returns of plaguc-infeeted rats and of
plague cases. :

As regards place relationship, we have already seen that the
information concerning each plague case was recorded on a special
card and that each casc with its date was dotted on a map. The
plague-infected rats were treated in practically the same way.
Special plague-rat cards wore prepared, whieh in the case of the
villages were filled up by a member of the Commission, who at the
same time indicated on the map the place where the rat waa found.
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In Bombay a [ist of the rats found plague infected was sent eaeh
evening from the laboratory to the ecollecting agency and to the
district registrar’s office. Accompanying this list were sent
the corresponding plague-rat cards to be filled up, The loeality,
where each rat had been found, was marked on the nearest wall by
the collecting agency, while the cards were filled up and the locality
and date dotted on the map by the senior officials of the district
registrar’s office. The cards were then returned te the laboratory.

B.——OBSERVATIONS ON THE RAT POPULATION.

In the City of Bombay five species of rodents were found,
namely, Mus rattus (the black rat), Mus decumanus (the grey rat),
Mus musculus (the mouse), Nesokia bengalensis and Nesokia bandi-
cota (the bandicoot). It'is unnecessary here to enter into the minute
differentiation of these species. It was found always possible
to distinguish rats of the type of M, rattus from rats of
the type of M. decumanus, but no distinction could be made
between the large number of varieties of M. rattus, which have
been described. Briefly, it. may be said that from a practical
point of view the important points which ought to be taken into
aecount in differentiating between M, rattus and M. decumanus
are the character.of the tail and the relative size of the ears, These
features, together with the shape of the head and the general colour
of the fur, serve to distingmish Nesokia bengalensis from M.
decumanus, The tail in M. raltus is always longer than the body
and head together, it iadark in colour and has well marked rings,
The ears in this species are larger in proportion to she size of the
rat than in M. decumanus ; in the latter the tail is shorter than the
body and head together and the ventral aspect is lighter coloured
than the dorsal aspect. In Nesokia bengalensis the tail is shorter
than the head and body together, but in appearance resembles
that of M. ratius, 1.e., the rings are well marked. Further, the
hairs on the tail are shorter and less numerous in N. bengalensis
than in M, decumanus and there t8 no brush of hairs pro-
jecting beyond the tip of the tail, as there is in this latter species.
The heaq of N. bengalensis, looked at from above, is broader and
aborter than that of M. decumanus and the ears arve somewhat
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larger in proportion to the size of the animal. The colour
of the fur of N. bengalensis is uniformly darker than in M,
decumanus ; it is also coarser and with well-marked spines on the
back. There is no difficulty in distinguishing M. musculus (the
mouse) and the ordinary bandicoot (Nesokia bandicota) from the
other species.

Mus rattus and Mus decumanus are by far and away the
commonest rodents in Bombay. N. bengalensis is comparatively
rare, making up only about 1 per cent. of the total. The mouse
appears not to be a common animal in Bombay.

Mus rattus, which is found in large numbers in every part of
Bombay City, is essentially a house rat; it may alfiost be called
a domesticated animal, living and breeding as it does in the houses
where the people live. While it is typically a climbing rat, it is
also able to burrow, e.g., in earthen floors and walls.” Its nests
are as a rule to be found in little-disturbed accumulations of
material, such as stacks of firewood, totton.waste, etc., and in
recesses, such as cupboards.

There is no doubt that the ratinfestation of houses in Bombay
is very great. There is, however, a definite relation between the
rat infestation of the building and the character of the building,
the features which especially favour rat infestation being earthen
floors and country tiled roofs, a state of disrepair, accumulations
of rubbish and food, such as stores of grain, ete.

‘It was found that, while M. raitus breeds all the year round
in Bombay, breeding was most vigorous during the months June
to October, so that the hottest months of the year represent.
the breeding season. The mean number of young per rat was
found to be 5-2, while the largest number noted in a single rat .
was 9,

Mus decumanus, which is numerous in every quarter of Bombay
and especially numerous in the native town, hves for the
most part outside houses, in sewers, storm water drains,
gtables, etc. While it i8 & burrowing animal with remarkable
power of gnawing through hard materials, eg., brick and
concrete, it is also a good climber. Its nest is to be found in one
of the burrows which it makes, The breeding season corres-
ponds closely with that of M. rattus, except that there is apparently
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8 sécond breeding sesson in March. This spécies, however, like
M. rattus, breeds all the year round. The average number of young
per pregnant female is 81, the largest number found in & single rat
being 14. '

As regards the relative numbers and haunts of Mus ra#tus and
Mus decumanus, the following statements are founded on the
trapping of nearly 12.000 rats of these two species in the native
city,

M. rattus is apy 7 much more common in Bombay’
than M, decumanuss ¢~ ing all traps sety seven of the former
species to every three of the latter were caught. They are found
in this proportion on ground floors of houses, but M. raitus in.
oreases relatively to M, decumanus as one ascends the building. M,
decumianus has never been found above the third floor, so that on the
fourth floor and upwards M. ra#us is alone present. In gullies,
compounds of houses, stables, godowns and food and tea
shops the number of M. decumanus relatively increases, so much
8o in the case of compounds, that in traps set in them twice as many
of this species as of M. raitus were taken, Further, it is evident
that these two species of rats areé closely associated with each other-—
gullies, the lower floors of the houses and godowns appearing to
be their common teeting ground.

The Commission have gbserved nothing to show that the rats
of Bombay, even during the epizootic season, are in the habit of
migrating from one quaster of the city to another. There
may be desertion of infected buildings, but there is certainly no
general migration.

Finally, it is necessery to emphasise two important facts con-
cerning the rats of Bombay which, as we shall see, have a great
significance in relation to plague. The first fact is the widespread
distribution of M. rattus in buildings in the city, The Commis-
sion do not think it an exaggeration to state that every inhabited
building in Bombay City and Island, not excepting even the better
class bungalows, shelters its colony of M. rattus. The second
important fact is that to a certain extent M, decumanus, as we have

‘seen, is a house rat and even forms extensive burrows in the floors
and walls of buildings,
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Ag regards the other rodents in Bombay little need be said
as they do not influence the plague epidemic.

Nesokia bengalensis is not common as it appears to be in
Calcutta. It was taken in those sections of Bombay city where there
are fairly large areas of waste ground and was trapped in the
ground-floors of houses, in gullies, in stables and in godowns.

The bandicoot is now an extremely rare animal in Bombay,
It was caught only in the open country and palm groves in the
northern part of the Island.

Mice were taken on all the floors of buildings, in stables and in
godowns,

In none of the villages in the neighbourhood of Bombay,
with the exception of Parel, was M. decumanus obtained during
the year they were under observation. A few of this species
were taken in Parel, a village, in which the buildings are very
similar to those of Bombay and where there are a certain number
of sewers and storm water drains.

A few specimens of Nesokia bengalensis were taken in these
villages.

M. rattus was found to be very common in the villages. Its,
~ habits and haunts were the same as in Bombay, In two of
~ the villages, namely, Parel and Worli, a very thorough and
systematic examination ~of the rat infestation was made
during the period they wexre under observation. ~This was
done by setting daily a mmnber of traps in the different houses
and recording the number of rats caught in each trap, The traps
were sent in the houses in rotation according to the census num-
bering.

In Parel 2,195 M. rattus, a number equal to two-thirds of the
human population, were captured during the year. This number
gives an average of 15 rats per building. From one building,
which was divided into 16 tenements and sheltered 70 inhabitants,
as many as 393 raty were taken. At the beginning of the opera-
tions 65 rats per 100 traps set were captured, while at the end of the
year this number had been reduced to 34 rats per 100 traps set—
not a very great reduction, We can conclude, then, that the rat
infestation of Parel is very considerable, and that, despite the capture ®
and removal from the village during the year’s operations of a
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large number of rats, equivalent to two-thirds of the human popu-
lation, the number at the end of the year was apparently not very
greatly diminished.

Very similar observations were made in Worli. This is an
isolated village on the west coast of the Island and is chiefly inha-
bited by fisher folk. The buildings are huts constructed of rough
stones. The roofs of the huts are generally covered with palm
leaves and offer excellent shelter for M. rattus. During the
year’s operations 2,603 rats of this species were taken in the village,
a number larger than the human population (2,508). At the

~ beginning of the trapping as many as 70 rats per 100 traps were
caught, while at the end of the year this number had been reduced,
only 17 rats per 100 traps set being taken. There is no doubt that
the rat population had been considerably diminished, The inhabi-
tants themselves recognised  this' fact and five months after
the operations had been stopped begged that the routine setting
of traps might be continued, as the rats had again become a
nuisance.

It would appear, then, that the fecundity of M. rattus is so great
that nothing but extensive and persistent efforts to destroy it
can materially reduce its numbers in any village. The same con-
clusion was arrived at as the result of the observations in the Punjab,
which we shall now consider,

From November 1905 to December 1906 continuous observations
on the rat population were carried out in the Punjab villages of
Dhund and Kasel. Four species of rats were found, namely, M.
rattus, M. decumanus, Nesokia bengalensis and Gerbillus indicus
{the Indian field rat).

Only five mice were taken. This small number may be due
to the traps being unsuitable for catching them. Twenty-
five N. lengalensis were captured, all in the fields at harvest
time. Of 9 Gerbilli two were taken in the fields and the remaining
seven in the villages, most of them in houses on the outskirts.

Mus rattus, therefore, is the common rat of the Punjab villages
and is the only one which has any influence on the plague epidemic.
-In all 7,525 specimens were examined during the year. The type
very closely resembles that found in Bombay. The colour of the
dorsal fur is usually brown, while the belly is greyish, dirty yellow or
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occasionally quite white. During the cold weather the fur is longer
and thicker than that of the M. rattus found in Bombay., Mus ratius
in the Punjab as in Bombay is essentially a house rat. The houses
are closely packed together, often back to back, and at the best with
only narrow lanes separating them. The walls are built of sun-dried
bricks or of large clods of caked mud. The roofs are flat, made of
beaten earth supported by twigs, matting or cane. The floor con-
sists merely of beaten earth, which may or may uotbe plastered
with cowdung. On account of this mud construction of the houses
M. rattus adopts burrowing habits, The mud walls, floors and
roofs, present no obstacle, and it s indeed the exception to
find a village house in which rat burrows cannot be found.
These burrows are very extensive. They have been followed
extending the entire length of the wall and into the wall of an
adjoining house. 1In short, a Punjab village may be looked upon
for our present purpose . as being honey-combed with rat
burrows which ramify in  all directions. Further, the nests
of M. rattus are to be found in these burrows and seldom
in the interior of the house as in Bombay. In the houses
‘themselves there is kept an abundant food supply for the rats.
Each house has its granary, in  which is stored the grain supply
for the household. In carthen vessels there are also kept such
articles as flaur, sugar, ghee, potatoes, etc. All these are easily
accessible to rats,

From what has been said above it will not surprise the reader
to find that the rat infestation of a Punjab village is very great, and
that the rats live in close relation with the human population, so
much so indeed, that a common complaint of the villagers is that
their sleep is disturbed by rats running over them at night.
As further evidence of the enormous rat infestation it is only neces-
sary to state that during the year in Kasel the total number of M.
raitus trapped was 4,639, an average of 12 rats per inhabitant, the
corresponding figures for Dhund being 2,518 and 1'3. Vigorous
trapping was continued during the year in both these villages. At
the beginning of the operations in Kasel 148 rats per 100 traps
set were taken. This proportion gradually diminished untit
seven months after the commencement, namely, in July, only 17
rats per 100 traps set could be obtained. From this date until
the end of the operations in November the numbers caught steadily
increased, until during November 69 rats per 100 traps set were taken,
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or about half the number caught at the beginning. In Dhund the
result was similar, so that there is no doubt that in both villages
at one season of the year breeding more than compensated
for the loss sustained by trapping. In this connection it was found
that while breeding goes on all the year round, during the colg
weather monthe (November-March, inclusive), it takes place to a
less extent than during the hot weather and that the most favour-
able months are April, September and October, when the mean tem-
perature is about 80°F. The average number of young born
at one time wasfound to be 6 per rat.

The question of migration of the rats from village to village
and from villages into the fields at harvest time was also investi-
gated. Traps were set around Kasel for one and a half months and
in one instance orly, and that when the traps were placed close to a
house, were a few M. raftus caught. During the harvesting ofithe
spring crops in April, May and June, when the tat epizoatic in Kasel
was steadily progressing, no rats, except a few specimens of
N. bengolensis, were found in the fields. In short, no evidence of
migration of any kind could be obteined and the more -intelligent
villagers, who recognise the distinction between M. rattus and N.
Bengalensis, are empbatic in denying that the former species ever
leaves the villages.

Before passing on to the question of plague amongst the rats, a
few words on the fleas infesting the rats in Bombay and in the
Punjab are necessary.

On the rats in Bombay and in the Bombay villages practically
only one species of flea was found, namely, Pulex cheopis. The degree
of infestation of M. decumanus was found to be considerably greater
than that of M. rattus ; throughout the year more than twice as
many fleas being taken on the former as on the latter.

In the Punjab villages as well as P. cheopis another species of
flea, namely, Ceratophyllus jasciatus, was found on the rats. This
specieg, however, made up only about 2 per cent. of the total,
and during the months May to November entirely disappeared.

Ancther point of interest and importance which comes out
of the flea census is that M, rattus in the Punjab harbours con.
siderably more fleas than it does in Bombay. 1In the Punjab
its degree of flea infestation approximates that of M. decu-
manus in Bombay. It has also been a cominon observation that sick
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rats habour many more fleas than healthy ones. Tt is not uncommon
to find 100 fleas and even more on a sick, plague-infected rat.

The question of the seasonal prevalence of fleas will be dealt
with later on when- discussing the seasonal prevalence of plague.

The Commission examined the physiological anatomy of the
mouth parts and alimentary canal of P. cheopis, investigated the
external anatomy of this flea and its differentiation from seme other
common fleas and enquired into its habits and life history. Papers.on
these subjects have appeared in the reports,* to which we
refer the reader whose interests lie in these directions. We shall
note those points which are essential for.our present purpose
in their proper place.

C,—OBSERVATIONS ON PLAGUE IN THE RAT—THE EPIZOOTIC,

As the accuracy of the data which have reference to the rat
epizootic and to its relation with the epidemic depends upon the
accuracy with which plague-infected rats can be diagnosed, a few
remarks on natural rat plagne and its diagnosis will not be out of
place. The following statements on this subject are founded on the
detailed post-mortem examination of over 5,000 plague-infected rats,
both M. decumanus and M. rattus, found dead in Bombay and in
the Punjab.

Plague rats may be divided into two classes, according as to
whether or not a bubo is present. = The bubo if present, and it is
present in 85 per cent. of the cases, is the most important sign of
plague. Its most common situation is, as we shall see, the neck, the
next most common being the armpit. Subcutaneous congestion is
common (69 per cent.) and when combined with a purplish red
appearance of the muscles affords strong suspicion of the animal
being plague infected. Of other characteristic appearances those
occurring in the liver are the most important ; it has a waxy, mot-
tled or finely granular appearance, in the latter case asif dusted
over with grey pepper. Heemorrhages in various parts of the body
are commonly found and an abundant pleural eflusion eonstitutes
when present a noteworthy sign of plague in the rat. In putrid
rats at least three of these signs may persist and when recognised
are of the greatest assistance, namely, a bubo, granular liver and
pleural effusion. -

% Journal of Hygiene, Vol. 6, page 486, and Vol. 1, page 446.
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If recourse be had to the microsecope, the bubo is the best
place to find plague bacilli in large numbers, the spleen next and
then the blood.

As the result of a number of severe tests it was found that the
naked eye is markedly superior to the microscopical method as
an aid in diagnosis, that is to say, in the case of an experienced
observer, Such an expert would be prepared to make a diagnosis
of plague on the strength of the macroscopical appearances alone,
even though the other tests were negative and the animal showed
marked signs of putrefaction.

In short, it may be said that neither in Bombay nor in the
Punjab did the Commission experience any difficulty in diagnosing
plague from other diseases among rats.

The bacilli found in naturally infected rats, both during the epi-
zootic and during the non-epizootic seasons, were fully virulent, 62
per cent. of the inoculated animals dying of acute plague in five
days or less. Further, the bacilli retained their full virulence
after passage through a large number of rats, no matter whether the
gubcutaneous or cutancous method of inoculation was used.
Finally, it was ascertained that a considerable percentage of wild
Bombay rats were immune to plague infection, this insusceptibility
being also observed, when fleas were used as the agent of trars-
mission. As a point of epidemiological importance we shall have
oceasion later on to refer to the relative infectivity of the blood,
urine and feeces of plague rats.

With these few remarks on the disease as seen in the rat and its
diagnosis, we may proceed to record these facts concerning the
epizootic which have a direct bearing on the epidemiology of the
disease.

In Bombay City, for which a large mass of data has been
accumulated and analysed, M. decumanus and M. rattus are by far
the most important species in relation to the spread of plague.
Both these species were found plague infected, but from the
statistics it could be concluded that M. decumanus was twice as
lable as M. rattus to plague infection. The explanation of this
difference of plague incidence in the two species does not lie in any
difference between them of susceptibility to plague infection, but
in the fact, already mentioned, that the degree of flea infestation of
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M. decumonus is more than double that of M. rattus. Before
going further we would insist that in Bombay City, just as there
are two common species of rats, so there are two epizootics,
namely, a M. decumanus epizootic and a M. raftus epizootic,
which have to be considered separately. The infection
amongst the rats in Bombay must be characterised as being
exceedingly severe, 4,381 M. raltus and 13,377 M. decumanus
being shown to be plague infected during the year, a total of
nearly 18,000 plague-rats out of a total of 117,000 rats examined.
The year, however, may be roughly divided into two seasons, (a) the
non-epizootic season, June to November inclusive, and () the epi-
zootic season, December to May inclusive, During the epizootic
season the largest number of infected M. rattus for one week was
432, the largest number of M. decumanus for a similar period
being 1,334. This was in March. During the non-epizootic season
never less than 20 to 30 plague-infected rats were examined during
any one week. We see, therefore, that even during the off-
plague season acute plague persists amongst the rats, but to a much
less extent than in the plague season. The factors which govern
this seagonal prevalence will be discussed later on.

A study of the section maps, the method of preparing which
has been described, leads to the' conclusion that M. decumanus
is chiefly responsible for the diffusion of the infection throughout
the city, as might be expected in consideration of the out-door
life and wandering habits of this species. While this is so, it is to be
carefully noted that the infection does not spread in any definite
manner from one section to another ; infection amongst the rats
persists during every month of the year in most of the sections,
Further, in this connection we have already mentioned that no evi-
dence of a general migration of rats from one place to another,
when plague breaks out amongst them, could be found.

As regards the relation of the decumanus epizootic to the rattus
epizootic it would appear from a study of the curves which were pre-
pared from the figures collected during the year, that the former
preceded the latter by a mean interval of about ten days. Further,
the evidence obtained by the Commission led them to the
conclusion that the decumanus epizootic was directly accountable
for the rattus epizootic. By this statement the general relation
between the two epizootics is expressed, but it is not for one moment

198C c



18

to be supposed that in every instance M. ratius received its infection
from M. decumanus. 1t was also considered that the persistence in
the off-season was due ultimately to plague in M. decumanus.

These conclusions can be adequately explained, if it be granted
that the conditions for epizootic prevalence are more favourable in
the decumanus population than in the rattus population. Now, the
only factor concerned in the severity of epizootic prevalence
which does not affect the two species equally is, as far as can be as-
certained, the degree of flea infestation of each, M. decumanus har-
bouring a much larger number of fleas than M. rattus. In this fact,
therefore, is to be found the key to the elucidation of the relationship
of the two epizootics. It is scarcely necessary to point out the
extreme importance of this relationship in the problem of the
organisation of measures for combating plague in Bombay.

As regards the four villages on the outskirts of Bombay nothing
need be said with respect to the natural disease in the rat. It is
necessary, however, ta refer to certain points of epidemiological
importance which came out of the investigations in these villages.

In the first place, it was found that the infection was not majn-
tained in the rats (M. ratfus) during the off-season, either in the
acute or in the chronic form. It could, therefore, be concluded,
as we shall see later, that the annual epizootics in these villages
must be aseribed to importation of infection, generally, no doubt,
from Bombay. All the evidence pointed to such importation taking
place, and we shall return to this question later on.

In the second place, in one of the villages, Sion Koliwada,
as soon as the mortality amongst the rats began and one or two
human cases had occurred, almost the entire population evacuated
the village. The human population was replaced by the Com-
mission by a guinea-pig population. We shall have occasion
later on to refer more in detail to this experiment, and in the
meantime would only draw attention to a few of the facts concerning
the rat epizootic.

First, in proportion to the severity of the epidemic the number
of plague-rats found was very small, notwithstanding the very
thorough and extensive search made. The experience both in Sion
Koliwada and in the Punjab village of Dhund in this respect points
to the danger of concluding that plague-rats are absent from
an infected locality unless a very thorough search is carried out.
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Secondly, it was found that the infection persisted among the
rats in the village for two months and that in the case of two
individual huts it lingered amongst the house rats, in one for at
least ten days and in the other for 13 days.

Thirdly, a study of the map showed that the epizootic spread
from a central focus towards the periphery and the rate of
spread is indicated in the statement that the infection in the rats
took six weeks to travel 300 feet.

We have already seen that in the Punjab villages M. rattus is
the only rodent commonly present. Our remarks, therefore, refer
to plague in this species.

The outstanding fact as regards rat-plague in the two Punjab
villages which were under observation is, that during the non-
epizootic season, when no plague cases were occurring, rats suffering
from a chronic form of the disease were caught alive. These rats
ghowed abscesses in various parts of the body, but chiefly in the
abdomen and more especially in connection with the spleen. These
abscesses contained plague bacilli, in small numbers certainly, but
still virnlent. Otherwise the rate appeared to be quite healthy and
it is remarkable that no rats with this form of the disease were found
dead. The two main conclusions at which the Commission arrived
after a careful study of this condition were, first, that these rats
had been infected by fleas in the same way as plague-rats which
develop the acute disease; and, secondly, that, from the evidence
bearing on the question, no reason could be discovered for believing
that chronic plague, as it occurs in the Punjab villages, possesses
any significance in the seasonal recurrence amongst the rats of the
infection in the acute form. It is to be carefully noted that the
absence of acute rat-plague during the off-season in the two villages
of Kasal and Dhund does not warrant our concluding that it is
absent in all Punjab villages at this time. On the contrary, there is
no question, as we shall see, that in some villages the disease
persists in the rats in the acute form, as indicated by the occurrence
of a certain number of human plague cases throughout the non-
epidemic season.

In the village of Dhund the first acute plague-rat was found on
the 27th January and the last on the 21st April : the epizootic may,

vl
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therefore, be said to have lasted about three months. In Kasel it
lasted from 2nd April till 17th July, namely, about three and a
half months.

In Dhund the epizootic was of very moderate severity, only
34 plague-infected rats being found. In Kasel, on the other hand,
253 rats were proved to be plague-infected and 89 more, too putrid
for examination, were brought to the laboratory. The lightness of
the epizootic in Dhund is probably due to the large number of rats
which had been removed by trapping before it began,

The mode of spread of the epizootic in both villages was charac-
terised by considerable irregularity. It cannot be said to have ex-
tended outwards from the original focus as a wave with a definite
margin leaving the area passed over free from infection. On the
contrary some plague-rats were found at a considerable distance
from the original focus of infection early in the epizootic and also
infected rats continued to be found in the vicinity of the original
focus at & time when the epizootic bad spread considerably, In
spite, however, of these irregularities it may be admitted that the
general direction was centrifugal and that the areas furthest from
the original focus were the last to become infected.

D.—OBSERVATIONS ON PLAGUE IN MAN—THE EPIDEMIC,

We may dismiss this part of our subject in very few words, as
the results of the observations differed in no particular from those
already published by numerous observers. Thus, the figures both
in Bombay and in the Punjab which have reference to the incidence
of the disease in the population classified according to sex, age and
caste are in harmony with what is already well known, In Bombay
City during the year there were reported 12,245 cases and
11,010 deaths. Data concerning 10,880 of these cases were 2ntered
in the case cards, already mentioned, and analysed by the Commis-
sion. Deaths from plague were reported from the City during every
week -of the year, the smallest number, 5, being in the week
ending 25th November and the largest number, 925, in the
week ending 28th April. .

In the village of Dhund the last case of plague before the present
epidemic was attacked on 14th July 1905, During the epidemic
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which was now ohserved there were 32 cases, the date of the firsy
attack being 6th February 1906 and of the last 2nd May. There
were 19 deaths, a case-mortality of 60 per cent,

As regards Kasel the last plague case in 1905 occurred on the
28th April. The epidemic of 1906 consisted of 75 cases with 41
deaths, a case-mortality of 55 per cent. The first case occurred
on 5th April and the last on 6th July.

E.—RELATION OF THE EPIZOOTIC TO THE EPIDEMIC,

We now come to the most important part of the epidemiological
observations, that is to say, the relationship between the epizootic
and the epidemiec.

In Bombay City we have seen that it was concluded
that the raftus epizootic wag dependant upon the decumanus
epizootic. The conclusion which we shall now come to is that the
epidemic is directly attributable to the raffus epizootic, The same
conclusion holds good for the villages, both in Bombay and in the
Punjab, but in these villages the problem is not complicated by the
presence of the decumanus epizootic. This conclusion has been
arrived at after a careful consideration of the relation of the
epizootic to the epidemic in time, in place and in quantity.

1. Relation of epizootic to epidemic in time,
-

In Bombay City we have seen that the decumanus epizootic pre-
cedes the rattus epizootic by an average interval of ten days. Using
the same methods of observation it was found that the curve of the
rattus epizootic was separated from that of the epidemic by an
average interval of 10 to 14 days. The explanation of this
interval on the basis of the flea theory will be dealt with

later.

In the maps for the sections the same time relations ot the
epizootic and the epidemic are well illustrated. It need hardly be
mentioned again that during the non-epizootic season, that is, when
there are only few plague-rats, there are also few plague cases.

This time relationship is also well shown in the case of the two
Punjab villages. 1In both villages during the season when no acute
plague-rats were found, there were no plague cases. When acute
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plague appeared amongst the rats, human cases immediately began
to appear.

In Dhund both plague-rats and cases were too few in number
to allow of curves being constructed. It will be remembered,
however, that the first acute plague-rat was caught on 27th January
and the last on 21st April, while the first human case was attacked
on 6th February and the last on 2nd May.

For Kasel curves were constructed in the same manner as for
Bombay. These curves of rat-plague and human plague exihibit
.avery close correspondence, the variations of the curve of
human plague following those of the rat-plague curve at an interval
of about a week.

In both these villages, therefore, rat-plague preceded human
plague and human plague ceased shortly after or just before the
cessation of acute plague amongst the rats.

Observations of the same nature were made in the Bombay
villages in which plague occurred.

2. Relation of the epizootic to the epidemic in place,

In the case of Bombay it was practically impossible to obtain
direct evidence bearing upon this point, Still, in & considerable
number of instances plague infected M. raftus were found in
houses in association with plague cases. There are, however, two
valuable pieces of indirect evidence which show that there eannot
be the slightest doubt that the place infection of man is in-
timately related to that of M. rattus. First, we have already in-
sisted upon the fact that M. raftus is essentially a house rat and that
it lives in close association with man. It necessarily follows that
the place infection of M. rattus must correspond closely with that
of man—in other words, that both must be referred to inhabited
buildings. This association is shown in a general way in the
maps of the sections. Secondly, statisties collected and analysed
for the whole of Bombay and for the different sections separately
show that the incidence of plague on persons living on different floors
in buildings is the same. Now, we have already seen that M. rattusis
found on every floor of the buildings. Moreover, the construction
of the buildings is such that there are abundant facilities for the



23

spread of infection amongst the rats living in different parts of a
building. It would seem that these facts confirm the conclusion
that the place infection of man and of M. rattus is the same.

Inthe case of the Punjab villages direct evidence of the place rela-
tionship of the epizootic and the epidemic was obtained.

In Dhund the 32 ceses can be divided into two groups as
follows——Group 1 comprises 22 cases inhabiting 18 houses, in which,
or in the vicinity of which, plague-rats were found before or at the
time of the oceurrence of the cases; Group 2 comprises ten cases
from eight houses, in which, orin the vicinity of which, no plague
rate were found before or at the time the cases were attacked.
Three of these eight houses (four cases) were, however, shownby
guinea.-pig experiments to contain infected rat-fleas. Of the other six
cases two were imported, two lived in the neighbourhood of one of the
houses shown to contain infected rat-fleas and the remaining two were
children, whose movements before their -illness could not be exactly
ascertained. Plague-rats, however, were found in the vicinity of the
dwellings of these two children a few days after they fell ill.

In Kasel we may summarize the data which have reference to
our present point as follows :—

(a) Of 75 cases, four were importec.

(b) Of the 71 indigenous cases, 61 occurred in houses, in which,
or in the vieinity of which, plague-infected rats had
been found prior to the attacks.

() Plague-rats were not found in or near the residences of the -
remaining ten eases prior to their attacks, bu# six of these
persons had visited houses where plague-rats had been
found.

@y Of the remaining four cases, one was doubtful, and
plague-rats were found in the vicinity of the houses of the
three other infected persons some days after they fell ill.

It would appear, then, that a more intimate association between
plague cases and plague-rats was traced in Kasel than in Dhund.
There is no doubt that this difference in the results obtained in the
two villages can be in part explained by the fact that information
of rats having died was obtained more readily in Kasel than in

' Dhund, as the Kasel people had ceased to look on the Commission
with suspicion at the time the epizootic began in that village.
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Finally, n attempting to estimate the closeness of the associa-
tion between rat-plague and human plague in & Punjab village we
must take into account the small size and close aggregation of the
houses and the free communications by means of rat burrows between
neighbouring houses. It will then be readily apparent that the
association which exists between a plaguecase in a house and
plague-rats found in an adjoining house or in a house near by,
but not immediately adjoining, may have been more intimate than
that which obtains between cases and plague-rats found in different
rooms or even on different floors of large buildings such as
exist in cities. Further, it is also certain that many plague-rats die
in the burrows and do not come to view. That thisisso is shown
by the trapping of infected rat-fleas on guimea-pigs in houses in
which no dead rat had been found.

In conclusion, it is important to point out that plague cases do
not necessarily follow the finding of dead plague-rats in a house.
In Dhund there were eight houses in which plague.rats were
found and none of the inmates of which, 31 in number, contracted
the disease. In Kasel out of 86 ocoupied houses, in which plague-rats
were found and which were not evacuated, only 15, or 17 per cent.,
furnished cases.

8. Relation of the epizootic to the epidemic in quantity.

Little need be said on the quantitative relationship of the
epizootic and epidemic. In Bombay City during the non-plague
season, when there are few plague-infected rats found, there are also
few plague cases. In the Bombay and Punjab villages during the
non-plague season, if there are no acute plagne-rats, there are no
human cases. During the plague season in Bombay the quantita-
tive variations of the epidemic curve followed very closely those of
the ‘raitus epizootic curve. The same relationship was observed in
the curves of the Kasel epizootic and epidemie.

 Further, in Dhund there were far fewer plague-infected rats
both actually and in proportion to the size of the village than in
Kasel. There were also far fewer plague cases in Dhund than in
Kasel.

Lastly, it was soon apparent that the risk of infection of the occu-
pants of a house increased with the number of plague-rats found,
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Thus, m =fsel out of 80 houses in which singie prague-rats were
found only three, or four per cent. of the whole, furnished cases,
whereas plague cases among the occupants followed in 16 out of 57
(28 per cent.) of the houses in which more than one plague-rat
wasfound. It wasalsothe experience of the Commission in Bombay
that if multiple cases of plague occurred ina house more than
onedead rat had been found in it, and the greater the number of
dead rats, the greater the number of cases.

Before finishing this part of the subject brief reference must
be made to an experiment that was made in the village of Sion
Koliwada which shows well the relationship between the rat
epizootic and the epidemic.

Sion is a small isolated village to the north of the Island
of Bombay. The huts are well separated from one another
and there is no crowding  together as thereis in a Punjab
village.

In January 1906, plague was introduced into the village by
importation from Bombay. Assoon as a few dead rats had
been found and one or two human cases had occurred, almost
the entire population, which numbered 375, evacuated the village
and occupied a temporary camp in the adjoining fields,
Taking advantage of the voluntary evacuation of the
village by its inhabitants the Commission substituted in as
many houses as possible & guinea-pig population. These animals
were confined in wire cages in the houses and were fed daily by the
staff of the Commission, so that there could be no possible communi-
cation between the animals in different houses. Corresponding
to the rat epizootic there was & guinea-pig “ epidemic.”
This “ epidemic,” moreover, was roughly co-extensive with the rat
epizootic and coincided with it in point of time. Further, in certain
of the houses the number of plague-rats found corresponded to
the degree of infectivity of the houses, as judged by the success of
experiments carried out in them. We may, although perhaps some-
what prematurely, draw attention to the fact, that all the evidence
in this experiment pointed to the rat-flea being the agent of trans-
mission of the infection to the guinea-pigs and excluded contact as
playing any part in the dissemination of the disease among the
guinea-pigs.
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In conclusion, before considering the means by which the
infection is conveyed from animal to animal, it would be well
to state the very definite conclusion which was arrived at as
regards the relation of the rat epizootic to the epidemic as follows :
The rat epizootic precedes and is alone accountable for the human
epidemic. In Bombay City it is the raftus epizootic which deter-
m'nes the ep’demio.
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Part III.—METHOD OF TRANSMISSION OF THE INFEC-
TION FROM RAT TO RAT AND FROM RAT TO MAN.

A.—Transmission of infection by direct contact.
B.—Aerial transmission of infection.

C.—~Transmission of infection through the soil.
D.—Transmission of infection by means of food.
E.—Transmission of infection by means of the rat-flea :

1. Eaxperiments in the laboratory .

2. Experiments in godowns or cabins,

3. The rat-flea the agent of iransmission of infection from

rat to rat in npaiure.

4. Infection in plague houses due to infected rat-fleas.

5. The rat-flea the agent of transmission of infection between
rat and man.

Further cbservations on the transmission of plague by
fleas.

(a) The fate of the plague bacillus in the body of the rat.flea
and the mechanism by means of which the . flea infects
a healthy animal.

(b) Can a single rai-flea transmit the infection ?

(c) Can both male and female rat-fleas transmit the
infection ?

(d) Can other species  of fleas tramemit the infection ?

&

We have seen that the plague epidemic is dependent upon
the epizootic amongst the rats. It is obvious, therefore, that
the next problem to be solved is the method of transmission of
the infection, that is to say, of the plague bacillus, from rat to rat
and from rat to man. Several possibilities will at once suggest
themselves to the reader, as they did to the Commission. These
possibilities have been carefully examined and experiments con.
ducted with the view either of disproving them or of proving
them to be true. It is the result of this work which we would
now bring forward,
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A, —TRrANSMISSION OF INFECTION BY DIRECT CONTACT.

Tt is conceivable that a sick or dead plague-infected anima.
might infect & healthy animal by merely coming in contact with it. -
The work of the Commission, however, definitely proves that this
method of conveyance may be excluded. The evidence which
bears on this question may be briefly summarised as follows :—

1. A very large series of experiments was made with guinea-pigs
in specially constructed godowns or cabins. As we shall bave
to refer constantly hereafter to these observations in the godowns,
it will be well to give a brief account of their structure.

The godowns are six in number and with the exception of the
roofs are of exactly the same construction. In the case of godowns
1 and 2 the roofs, being of country tiles, offer good protection and
shelter to the wild rat of Bombay ; the flea supply in the interior
is abundant and regular. In the case of godowns 3 and 4 the
roofs, being of flat Mangalore tiles, offer only poor protection
to rats and in consequence the flea supply is more or less scanty
and intermittent, The roofs of godowns 5 and 6 are made of
reinforced concrete and are quite rat and flea proof. These
godowns, therefore, could be easily kept quite free of fleas.

The experiments to which we would now refer were carried out
in godowns 5 and 6. In these godowns plague-infected animals
were kept in close contact with healthy animals, that is to
say, running about together in a confined space and eating out of
the same dishes, The plague-infected animals were allowed to
die and the corpses were not removed until some time after
death., In some instances the concentration of infection was
very great, in one case 21 infected animals being at one time in
contact with 25 healthy ones. Further, the infection was often
kept up for a long period by the daily addition of freshly infected
animals. Itis also to be noted that, as the godowns were never
cleaned out, close contact includes contact with urine and feeces
of infected animals and contact with, and eating of, food con-
taminated with feeces and urine of infected animals.

In all these experiments, done under various conditions, the
result was always the same, namely, if fleas were rigorously ex-
cluded not one of the healthy animals contracted plague. As
these observations are of great importance a typical example
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will be given, which will help their being understood. On
8th January, 1907, in godown No. 5 there were placed 25
healthy guinea-pigs and five guinea-pigs which had been inoculated
with a virulent culture of the plague bacillus, By 11th January,
1907, all the ingculated guinea-pigs had died of plague. After
this date more infected guinea-pigs were added daily, 25 in all being
put in between 15th January, 1907, and 24th January, 1907. All
these guinea-pigs died of plague, the last death taking place on
31st January, 1907. Itis to be noted that on 18th January, 1907,
there were 21 plague-infected animals in contact with the 25 un-
_inoculated guinea-pigs. The latter, however, remained healthy
until the experiment was ended on 21st February, 1907. No fleas
were observed on the guinea.pigs throughout the course of the
experiment.

2. Young guinea-pigs in the abgence of fleas may be suckled by
plague-infected mothers up till the death. of the latter and still not
contract the disease., This observation has been made on several
occasions,

3. Contact of healthy animals with plague-infected animals is
not necessary to start an epizootic among the former. Thus, in
godowns Nos. 1 and 2, in which abundant rat-fleas were present,
the following experiment has often been made. A few plague-in-
fected animals have been put into the godown. A day or two after
the last of these gninea-pigs had died and been removed, a
number of healthy animals have been placed in the godown.
An epizootic at once breaks out amongst these animals, In
these experiments the healthy animals, it is evident, were never
in contact with the plague-infected animals.

4. In plague-infected houses animals, placed in cages so con-
structed as to prevent contact with plague-infected animals which
might be present in the house, have in many instances contracted
the- disease. Similar observations have been made with monkeys
in the godowns which contained fleas and in which plague-infected
animals had been present a short time previously.

We shall deal with the infectivity by contact of human
plague cases later,
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B —AERIAL TRANSMISSION OF INFECTION.

The same experiments which have been noted above as evidence
against contact infection may with equal force be brought forward
as evidence against rial infection. In addition to these experi-
ments we can, however, cite the followmg ohservations, whlch
all point to the same conclusion :—

1. In godown No. 1 or 2, in which many fleas were
present and which had recently contained plague-infected animals,
guinea-pigs were suspended in cages two feet above the ground.
Not one of these animals contracted plague, while animals exposed
in the same godown at the same time, but suspendedin cages two
inches above the floor or running about on the ground readily
sickened and died of the disease. It is to be noted that a flea
cannot jump more than 4 inches. All these groups of animals
were equally exposed to-eerial infection.

2. Animals placed in infected godowns or in plague-infected
houses in cages protected by a eurtain of fine wire gauze or surrounded
by a strip of *‘tanglefoot ’’ never contracted plague, Their
neighbours in similar cages, but not protected as described, often
succumbed to the disease. The animals of both these groups were
equally exposed to wrial infection.

We shall have occasion to refer more in detail to all these
experiments when we come to speak of the conveyance of
infection by means of fleas. In the meantime we may note
that we may exclude rial ' infection as playing any partin the
conveyance of the infection from animal to animal in nature.

C.—TRANSMISSION OF INFECTION THROUGH THE SOIL.

The conception which can be formed of this method of infec-
tion is as follows :—Rats or human beings may contaminate the
soil or floors. of houses with their infected excreta. Healthy
animals or man may become infected by the rubbing into skin
abrasions of soil or dust contaminated in this way.

This has been in recent years generally accepted as
the most probable way in which man becomes infected, As it
was recognised that the infection was inside the houses it was
only natural to suppose that it was in the soil. Thiz deduetion
seemed to receive support from the fact that in the great majority
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of human cases the position of the primary bubo is in the groin,
indicating that the bacilli had gained entrance through the skin
of the legs or lower part of the body. Such a mode of entrance
seemed to be in harmony with the well-known customs of the
native of India, namely, that he is practically always bare-footed
in the house and as a rule takes his food squatting on the floor
and also sleeps thereon. The theory of soil infection, moreover,
offered an explanation of the problem of recrudescence, inasmuch
as it was supposed that the bacillus had an existence during the
non-plague season in the soil. We shall return to the question of
the position of the primary bubo in man ; but, in the meantime,
we have to draw attention to the fact that up to date no com-
petent worker has ever recovered the plague bacillus from
the soil of infected houses, and now the work of the present Com-
mission definitely proves that this method of infection can be
excluded. The evidence which justifies this conclusion is briefly
summarised as follows :—

1. The urine of both infected ryats and human beings may
contain plague bacilli in large numbers, but they are never
present in them in such large numbers as in the blood. The urine
can in some cases infect guinea-pigs when injected in consider-
able amount under the skin, but in no instance, out of a large
number of experiments, did it infect an animal when tested by
natural methods, e.g., rubbed into abrasions and scarifications,
It is of course evident that in nature injection of infected urine
under the skin could not occur, the only probable way of
infection being through abrasions. A large number of experi-
ments on the infectivity of the fwces of both rats and man
were made, These tests were carried out by rubbing the fwces into
scarified surfaces on the skin of susceptible animals. Only on
one or two occasions out of several hundred experiments did
infection result, even when the blood of the animal, of which
the feces were used contained abundant plague bacilli,

2, We have already seen that in godowns 5 and 6, from which
fleas were excluded, healthy animals ran about and lived on the
floors which were continually being contaminated with the urine
and feces of plague-infected animals and still did not contract
the disease, A large number of such experiments were carried
out and always yielded the sare result.
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3. Several series of experiments were made to ascertain the dura-
tion of infectivity of floors which had been grossly contaminated
with virulent oultures of the plague bacillus. In these experiments
the contamination was made artificially and was extremely gross,
the floors being flooded with thick cultures of the bacillus.
Such gross contamination could never possibly occur in nature.
When the test of- infectivity employed was to allow healthy
gusceptible animals to run about on the floors, it was found
that cowdung floors remained infective for 12 but not for
24 hours after contamination, while chunam floors kept their infec-
tivity for 6 but not for 12 hours. In these experiments only & very
small percentage of the animals exposed to infection contracted
the disease and those only when the floors were still wet when the
animals were put on. It is again to be noted that the contamina-
tion in these experiments was very gross, much more so than
could ever possibly occur in nature,

Further, when we come to analyse the data which refer to
the distribution of the primary bubo in the few animals which
did become infected through scil contamination and compare this
distribution with the distribution in the same species of animals,
namely, guinea-pigs, infected in nature, e.g., by running about
in plague houses, we find a marked contrast, which points to a
different method of infection. -Thus, in the case of the soil
infected animals the position of the bubo was in the great
majority of instances in the groin, or in the axilla, the neck glands
being involved in only 22 per cent. of the animals, while in the
animals infected in nature the bubo was situated in the neckin
over 90 per cent. of the cases,

4. That animals may become infected with plague, although
they are carefully protected from soil infection, is definitely shown
by experiments which were made both in infected godowns in the
presence of fleas and in plague-infected houses. These animals
were placed in cages of such a description that they were protected
from soil infection, and still, in the instances in which the access of
fleas was permitted, some of the animals contracted the disease.
Again, in the experiments in infected-flea godowns, in which the
animals were suspended two inches from the floor and were never
allowed to come in contact with the ground, they readily contracted
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the disease. Two inches is an easy jump for & flea.

5. The last argument which we shall bring forward against
goil infection playing any part in the epidemiology of plague is
afforded by two series of experiments made in plague-infected
houses, In one series the houses had not been disinfected, while
in the other series disinfection had been thoroughly carried out
with an acid solution of perchloride of mercury of strength 1 : 750, a
solution which, as has been abundantly proved, kills the
plague bacillus even in organic mixtures. Thesame proportion of
disinfected as of non-disinfected houses, namely, 30 per cent., was
found to be infective to guimea-pigs allowed to run free over the
floors. If the infection had resided in the soil it is only reason-
able to suppose that the disinfection would have rendered
the houses non-infective. It will be observed that the
disinfection had no effect on the fleas in the rooms.

D.—TRANSMISSION OF INFECTION BY MEANS OF FOOD,

1t has been frequently asserted lately, especially in respect of
rats, that infection is introduced by means of food. Thus, it has
been supposed that rats might become infected by eating the
excreta either of plague rats or of human plague cases or perhaps
by eating food contaminated with such dejecta. It has also been
stated that a common way of infection of rats might be
the eating of the carcases of their dead infected comrades.
In-the case of man it is held by several observers that infection
takes place through eating food contaminated either with the
excreta of infected rats or by flies, ete., coming from infected
material.

These hypotheses receive a certain amount of support from
muccessful feeding experiments carried out by various workers
in the laboratory. But the evidence which has been accumula-
ted by the present Commission goes far to prove that infection
does not thus occur in nature. Let us briefly comsider this
evidence ; first as regards rats—

1. We have already seen that the femces and urine of plague
infected rats and of human plague cases are not at all or only slightly

198 C D
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infective when rubbed into abrasions of the skin. It is surely
justifiable to suppose that these excreta would be still less infective
when diluted with food and Brought in contact with a healthy
mucous membrane. This supposition is borne out. by a series of
experiments which was made on rats:. A large number (194)
of rats were given the urine of human plague cases, in
many of which bacilli were present in the blood at the time the urine
was drawn off, but not one of these animala contraeted plague,

2. We have already drawn attention to the contact experiments
which were carried out in godowns 5 and 6 in the absence of fleas.
In these experiments the food of the healthy animals was being
continually contaminated with the urine and faeces of their plague-
infected comrades and still not one of the former developed the
disease.

3. We have also mentioned the observations made with
young guinea-pigs, which were suckled by their plague-infected
mothers until the death of the latter. - Not one of these sucklings
contracted plague, although it is reasenable to suppose that the
milk of some at least of the mothers contained plague bacilli.

4. Many observers have shown that it is possible to infect rats
in the laboratory by feeding them with grossly contaminated
material, such ag the organs or carcases of animals dead of plague.
On these grounds and on these"grounds only it has been held
that in a state of nature rats generally become infected in this way,
the bacilli gaining aecess through the mucous membrane of the
mouth, throat or intestine. On account of those observa-
tions the Commission devoted particular attention to this question
with the following result—

It was found possible to infect rats with plague by feeding them
with grossly contaminated material of a soft nature, 21-4 per cent. of
wild Bombay rats being susceptible to this method of infection. In
a geries of similar experiments made with M. rattus in the Punjab
67-8 per cent. of the rats were susceptible, but in this series a
much larger dose of infected material was given. Further, a large
number of wild Bombay rats were infected by feeding them on
the carcases of their plague-infected comrades. No difference as
regards the post-mortem appearances or the distribution of the
primary bubo was found between rats infected in this latter way and
rats infected by feeding on soft contaminated material. FEut, while
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the general pathologmal lesions found in all rats infected by feeding
were in the main the same as those found in rats naturally in-
fected, there were “observed two most important differences.
First, in naturally infected rats, while the primary bubo was as a
rule in the neck (74 per cent.), the " axillary and idguinal glands
being also often affected (26 per cent.), in not one single instance,
out of 6,000 post-mortem examinations, was a bubo found in con-
nection with the mesenteric glands in the abdomen. On the other
hand, in the rats infected by feeding, the neck glands were in-
volved in only 29 per cent. of the cases, the inguinal and axillary
glands were practically never affected, while the mesenteric glands
were the site of the primary bubo in no less than 72 per cent.,
of the infected animals. Secondly, in the case of naturally infected
rats the stomach and intestines showed, as a rule no marked patholo-
gical change, while in the case of rats infected by feeding, well-
marked lesions were found in the mtestines. It would appear jus-
tifiable to conclude, then, that in nature, infection of rats by feeding
rarely or never takes place and that rats do not become infected
by eating the carcases of their cornrades. At least this method of
infection can play no part in the epizootic spread of plague.

As regards man becoming infected through eating plague-
infected food all competent observers are agreed that the evidence
is against such a method of infection. The first Indian' Plague
Commisgion were not able to discover any fact which would
support the suggestion that plagie may effect an entrance
into the human organism through the stomach or intestinal
canal. They concluded that, if infection takes place at all
tl_n‘ough this channel, it can be only in the very rarest
instances. There is on record no post-mortem examination which
points to the bacilli having gamed entrance through the intestine
and there is no description of primary mesenteric buboes having
been observed,

Further, it is evident that man could never receive
with his food anything like the number of bacilli which were in-
gested by the experimental rats mentioned above. In this con-
nection it is also to be remembered that in the experiments in
the flea-free godowns none of the guinea-pigs that ate food
contaminated with the urine and feces of their infected comrades

b2
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contracted the disesse, and none of the rats which were fed on
food contaminated with the urine of human plague cases developed
the disease.

We are, therefore, now in the position to conclude that
the transmission of infection by food plays no part in the
spread of plague in nature either from ratto rat orfrom rat to
man.

E.—TRANSMISSION OF INFECTION BY MEANS OF THE RAT-FLEA.

We have now to consider the possibility of the plague bacillus
being conveyed from rat to rat and from rat to man by means of
some biting insect, such as the flea. A number of observers had
already suggested and hed brought forward a certain amount of
evidence in support of their suggestion, that the rat-flea was the
insect responsible. With the exception of two Frenchmen, Gau-
thier and Raybaud, no worker had, however, succeeded in an un-
equivocal manner in conveying the disease from animal to
animal in the laboratory by means of fleas.

Tt was soon apparent to the Commission that, if any biting
insect was the agent of the transmission of the bacillus from rat
to rat and from rat to man, fleas, and those species of flea which
infested rats, were practically the only insects which need
be considered,

Investigation then showed that practically the only species of fea
to be found on Bombay rats was Pulex cheopis, a flea first described
by Rothschild, who has expressed the opinion that this species,
except in Northern and Central Europe, is the commonest rat lea—
in some localities almost the only species, found upon rats.
All the experiments which are now to be summarised were made
with thisflea and when we refer to the rat-flea itis this species
-which is meant.

1. Ezperiments in the laboratory.

After several failures a command of the conditions necessary
was attained and it scon became a simple matter to transmit
plague from animal to animal by means of rat-fleas.
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In the first series of successful experiments a glass case contain.
ing two wire cages side by side, each standing in a tin tray which
collected the urine, was used. Both trays were filled with sand,
in order to provide dryness and shelter for the fleas, Each
cage was furnished with a lid through which the rats were
introduced and food and water given to them. The whole appar-
atus was covered in with fine muslin to prevent the escape of the
fleas. From this description it is seen that a rat placed in one of
these wire cages could not come in contact with a rat in the other
cage or with its urine and feeces.

The method of experiment was as follows. A plague-infected
rat and & number of - rat-fleas were placed in one* of the wire
cages, After the rat died, a fresh healthy rat was put into the other
cage, the corpse of the infected rat being left in for 24 hours longer.

Sixty-six experiments with English white rats and with
Bombay wild rats were done in this way, with the result that 30
healthy rats contracted plague ; thatis to say, there were 45 per
cent. of successful transmissions. 1In all cases a fairly abundant
supply of fleas was present; these could pass freely between the
cages and, except for the air, formed the only apparent means of
transmission of the bacilli from rat to rat.

In order to exclude serial infection a second series of experi-
ments wag carried out, in which fleas were taken from a rat which
had died of p'ague and were placed on a fresh rat in a clean flea
proof cage of similar construction to that already described, but
containing only one wire cage. Twenty-one (55 per cent.) succesaful
transmissions out of 38 experiments were obtained in this way,
both English white rats and Bombay wild rats being again used.
The possibility of the rat-flea carrying plague from one rat to
another was therefore demonstrated directly.

Following on these successes a comprehensive scheme of flea
transmission experiments was at once started with the object of
investigating several important questions which suggested them-
selves. The teaching of these experiments will be referred to
later in their proper place. Itis sufficient to state here, that many
hundred successful flea transmission experiments were carried out
with guinea-pigs, an animal which is an excellent host for P, cheopis.
Finally, a considerable number of successful transmissions were
obtained by confining fleas, taken from plague-infected rats, in test
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tubes and allowing them to feed on definite areas of skin of healthy
animals through a layer of muslin covering the mouth of the tube.

Tt is thus demonstrated, that, when the proper conditions
are obtained, it is an easy matter to infect susceptible animals
by means of rat-fleas taken from plague animals, all other means
of infection being rigorously excluded.

2. Experiments in godowns or cabins.

_ We have already made passing reference to the experiments
which were carried out in godowns or cabins especialfy constructed
for the purpose. Attention has been drawn to the fact that these
godowns differed from one another only in the structure of their
roofs, which were so constructed, that in the interior of godowns
Nos. 1 and 2 the supply of rat-fleas was abundant and regular,
‘in Nos. 3and 4 it was more or less scanty, and in Nos.5 and 6
there were no fleas. We have already seen that if fleas are
rigorously ‘excluded, as they were in godowns 5 and 6, close
contact of plague-infected ~animals with healthy animals does
not give rise to an epizootic among the latter. We have now
to see what happens under similar circumstances if fleas are
present. With this object in view a large number of observa-
tions were carried out in godowns 1 and 2 at all seasons
of the year. When the experiments were carried out during
the plague epidemic season, the disease at once started amongst
the healthy animals and rapidly spread from animal to animal
until not one was left alive. When, on the other hand, the experi-
ments were made during the non-epidemic seagon, e.g., in June
or July, either none of the healthy animals became infected or only
two or three contracted the disease and died. These experiments
‘have been many times repeated and always with the same results.
It will perhaps render the subject more easily understood if one
experiment of each type is detailed as an example.

(a) Godown No. 2, January, 1907.—This experiment was made
at the same time ag the one already described as having been car-
ried ou* in godown B, that is to say, at the beginning of the plague
epizootic season in Bombay.

On 8th January, 1907, there were placed in the godown five
‘guinea.pigs which had been inoculated with a virulent culture of
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the plague bacillus. By 11th January, 1907, these five animals
had succumbed to acute plague.

On 11th January, 1907, dfter the last inoculated gumea-plg had
died and beén removed from the godown, there were put in 25
healthy guinea-pigs, which were allowed to :un free. An epizootic
of ‘plague of the mostrapid description at once broke out amongst
these healthy animals, the first dying on 15th January, 1907, and in
a fortnight from their being placed in the godown the last one
had succumbed to the disease. _

Fleas were present in great numbers in the godown through-
out this experiment.

(b) Godown No. 2, June, 1905.~0n June 13th, 1905, that is dur-
ing the non-epidemic season, 50 healthy and 10 inoculated guinea-
pigs were placed in godown No. 2. The inoculated animals had
all succumbed to plague by June 29th. Of the uninoculated
guinea-pigs four died of plague, the first on the 2nd July and the
last on 12th July. All the other animals remained healthy.

Experiments - done in June and July, 1906, gave similar results,
although in some instances not a single uninoculated guinea-pig
became infected.

Again, by making contemporaneous experiments during the epi-
demic season in a godown with many fleas and in another
godown with few fleas it was shown that the rate of pro.
gress of the epizootic is in direet proportion to the number of
fleas present. Thus in an experiment carried out in godowns 2 and
4 during the rise of the plague epizootic of 1907 the following re-
sult was obtained. In godown 2, in which fleas were -very abun-
dant, the epizootic spread through 25 guinea.pigs in.nine days,
while in godown 4, in which few fleas were present, it lasted 68
days, the same number of guinea-pigs being present.

If further proof were necessary to prove that the fleas present
in the godowns were the agents of transmission of infection, this
proof is afforded by the following observations :—

(1) Fleas taken from infected godowns, placed in test-tubes
and fed through muslin on healthy guinea-pigs, infected the
latter.

~(2) We have already referred in passing to some experimonts
which were carried out in godowns:}and 2,in  which three
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groups of guinea-pigs were exposed to infection in different ways,
one group being allowed to run about on the floor, the second
group being placed in wire cages two inches from the floor and
the third being suspended twa feet from the ground, also in
open wire cages. It was already known that a flea could not.
jump more than from four to six inches. This experiment has been
repeated on several occasions and always with the same result.
The following may be taken as a typical example :—

On 28th January, 1907, into godown 2, in which a plagne epi-
zootic had just come to an end by killing all the animals, three
groups of four guinea-pigs each were distributed as follows : —

(a) four guinea-pigs running free on the floor;
() four guinea-pigs in wire cages two inches above the ground ;

(c) four guinea-pigs in wire cages suspended two feet above
the ground.

On 30th January, 1907, these guines-pigs were removed from the
godown, freed from fleas under chloroform and gegregated.
One hundred and twenty-five fleas were taken on the guinea-pigs
of Group A, 27 on those of Gronp B and none on those of Group C.
The eight animals of Groups A and B were observed to be ill and

to have buboes in the neck. The four guinea-pigs of Group C
appeared to be quite well.

The fate of the animals of these three groups was as follows :—

Group 4.—One died under the chloroform ; it was proved bac-
teriologically to be plague-infected. The other three all died of
plague, '

Group' B,—All four animals died of plague.

Group C.—All four animals remained healthy.

- In short, the animals which were within the limit of a flea's

jump all died of plague, while none of those which were outside
this limit contracted the disease.

(3) On several occasions monkeys were placed in pairs in cages
in ar infected godown. Both animals were protected from soil
infection and were equally exposed to aerial infection. One
animal was, however, protected from fleas, either by a broad (six in-
ches) strip of sticky material, namely, «‘ tanglefoot,’”” or by a fine
metallic gauze curtain, while the other was not so protected. They
were left in the godowns for 48 hours,



41

The result of these experiments was that not one of 11 ani-
mals protected from fleas contracted plague, while six out of 13
unprotected developed the disease.

It will be seen ' that these godown experiments were of the
most exhaustive nature and yielded most convincing proof of the
part played by the rat-flea in plague epizootics, As the
references made to these observations have of necessity been
somewhat scattered, it will be well to summarize the con-

clusions which may be drawn from them. These conclusions
are—

(a) Close and continuous contact of plague-infected animals
with healthy animals, if fleas are excluded, does not give rise
to an epizootic among the healthy animals. As the godowns
were never cleaned out, close contact includes contact with feeces
and urine, and eating of food contaminated - with feeces and urine
of infected animals, Close contact, even the suckling of young
by plague-infected mothers, does not give rise to the disease.

(b) When fleas are present, the epizootic, if it does start,

varies in severity and rate of progress according to the season of
" the year and the number of fleas present. The season, in which
epizootics are readily produced experimentally and spread rapidly,
corresponds with that of the plague epidemic.

(¢) An epizootic of plague can ocour in & godown containing
infected fleas without direct contact of healthy animals and infected
animals.

(d) In an infected godown the infection is effective in pro-
portion as the test animals are accessible to fleas.

(¢) Infection can take place without any contact with conta-
minated soil,

(f) Aerial infection is excluded.

(9) The experiments lead to the conclusion that fleas and
fleas alone were the transmitting agents of infection,

3. The rat-flea the agent of transmission of infection from rat to
rat i nature.

We have already seen from experiments in the laboratory and in
the godowns, that the only means of transmitting plague from animal
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to animal at all comparable to what would occurin nature, are—

(a) by feeding on grossly contaminated material, and
(%) by rat-fleas.

Further, we have excluded the possibility of the first of these
methods ever happening in nature.

We propose now to bring forward more evidence in sup-
port of the second of these methods, namely, flea transmission.
This evidence is obtained from a comparison of the distribution
of the primary bubo in animals, rats and guinea-pigs, infected
in nature with its distribution in the same animals infected in the
laboratory by means of fleas. Let us first cohsider the case of rats.

In Bombay, during both the plague season and the non-plague
seagon, it was found that the great majority of rats that died of
plague in nature had the primary bubo in the neck, the next
most common sites being the armpit and the groin. This state-
ment holds good both for M. decumanus and for M. rattus.
The same distribution of the primary bubo was found to be
present in plague-infected rats in the Punjab villages.

When we compare this distribution with the distribution in rats
infected in the laboratory by means of fleas, we find a remarkable
gimilarity, the neck glands being again most commonly involved,
those in the axilla and groin next. The following table shows at
a glance this comparative digtribution :—

Naturally infected. | Infected by fleas,
Rats examined . . . . 5,188 117
per cent. per cent.
Rats without buboes . . . 16 18
Cervieal bubo . . . . . 72 61
Axillary bubo . . . . 23 22
Inguinal bubo . e . 18 35
Mesenteric bubo . . . . 0 ; 0

~ Material evidence is here adduced that the rats in hature are
infected by means of ‘fleas.
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Among guinea-pigs the distribution of the primary bubo in
three grouns was as follows :—

(a) A group of 87 animals, naturally infected in ‘plague houses.

(b) A group of 253 ammals infected in the course of the
godown ‘expériments already referred to. (It will be
remembered that the cohclusion was come to that these
animals were infected by rat.fleas, all other means of
infection being excluded.)

{¢) A group of 108 animals, experimentally infected in the
1aboratory by ‘means of fleas.

The following table summarizes very shortly the dlstnbutlon
of the primary bubo in these three groups of guinea-pigs..

gh S A
Guinea-pigs examined b 87 263 108

per cent. ; per cent. per cent.
Without buboes . . . 1 1 1
Cervicalbubo . . . 92 92 01
Axillary bubo . . . 1 3 6
Inguinal bubo . . . 14 13 , 22
Mesenteric bubo . . . 0 0o 0

The close correspondence between the distribution of the buboes
in these three groups of animals pomts to the conclusion that
the mode of infection was the same in all cases. It would follow
that both in the ‘experimental godowns and in plague-infected
houses the infection was conveyed to the guinea-pigs by fleas.

4. Infection in plague houses due to infected rat-fléas.

We have now to consider certain observations which
prove both indirectly and directly that in a plague-infected
house the infection is due to the presence therein of rat-fleas
which are capable of transmitting the disease to animals. Theso
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observations, which were carried out in Bombay and in the
Punjab, fall naturally into four groups.

Group I.—In thie group, which is divided into two series, guinea-
pigs were allowed to run free for about 18 to 40 hours in houses
in which one or more plague cases had oceurred or in which dead
rats had been found. They were then removed, cleared of fleas and
segregated in the laboratory. In the first series the houses had
not been disinfected, while in the second series disinfection had
been carried out,

Series 1.—In this series we have to record observations made
in Bombay during the plague season of 1906 and again during that
of 1907, and also observations made in the Punjab villages of Dhund
and Kasel in 1906. The results were as follow :—

(a) Bombay 1906 : 42 houses tested ; 12 houses infected the
guinea-pigs, namely, 29 percent.

(b) Bombay 1907 ; 100 houses tested; 19 houses infected
the guinea.pigs, namely, 19 per cent,

(c) Punjab villages 1906 : 49 houses tested ; 9 houses infected
the guinea-pigs, namely, 18'4 per cent.

Of a total of 189 houses tested in this way 40, or 21 per cent.,
proved “ infective ”’ to guinea-pigs.

Series 2.~—The observations in this series were made in Bombay
in 1906 in houses which had been disinfected before the guinea-
pigs were put in. In most cases the process of disinfection car-
ried out by the Health Department of the Municipality of Bombay,
consisted in washing thoroughly the walls and floors with an acid
golution of perchloride of mercury of a strength of 1 in 750, a solution
which, as has been abundantly proved, readily kills the plague
bacillus even in organic mixtures. In a few instances gaseous
disinfection with the fumes of burning sulphur was used, while in
still a few other cases a combination of these two methods was
carried out. The results were as follow :—

Thirty-one houses were tested and in nine instances (29 per
cent.) the animals became infected. It is noteworthy that in
many instances the number of fleas trapped by the guinea-pigs
was very large, as many as 263 being taken from one house,
while the average of the 31 observations was 40 fleas per house.

The significance of this group of experiments may be stated
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as follows :— We have already seen that guinea pigs may live in
contact with plague-infected animals, may run about on floors
contaminated with the urine and feeces of these animals and may
eat food similarly contaminated, and still not contract the disease,
if fleas are excluded. In the above experiments, therefore, we
are led to conclude that the guinea-pigs which became infected
contracted plague, not from contact with plague-infected animals
nor from contaminated floors nor from contaminated food, but pos- -
sibly from fleas infected by plague rats. This conclusion receives
support from the fact that rat-fleas, as we shall see, were caught
in considerable numbers on the animals. It receives further sup-
port from the fact, which we have already mentioned, that digin-
fection with perchloride of mercury kills all plague germs
present in the walls and floors, even when the latter are covered
with cowdung, but does not affect the fleas.

Group I1I.—In this group of observations, which also is made
up of two series, fleas taken in plague houses were fed on rats or
guinea-pigs in flea proof cages in the laboratory. The two series
only differ from one another in the manner in which the fleas were
obtained.

Series 3.—In this series the fleas were taken on rats, which were
proved at the laboratory to be plague-infected. They were transfer-
red in each instance to healthy guinea-pigs. The results were as
follow :—

(a) Bombay, 1906 : 3 experiments; 3 successes,
(b) Bombay, 1907 : 3 experiments; 3 successes.
(¢) Punjab villages, 1906 : 6 experiments; 3 successes.

A total of 12 experiments with 9 successes (75 per cent.),

Series 4.—1n this series the fleas were taken on guinea-pigs, which
had been left for some time in plague houses. They were brought
to the laboratory in test-tubes and were then transferred to fresh
animals, guinea-pigs or rats, in flea proof cages.

The results of these observations were as follows :—
(#) Bombay, 1906 : 40 experiments ; 8 animals died of plague
(20 per cent.).
(b) Bombay, 1907 : 31 experiments ; 11 animals died of plague
(35 per cent.).
(c) Punjab villages, 1906 : 25 experiments; 7 animals died of
plague (28 per cent.).
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A total of 96 experiments with 26 successful transmissions,
namely, 27 per cent.

Ttis 1mporta,nt to note that the great majority of the fleas caught
on the gumea pigs placed in the houses were rat-fleas (P. cheopis),

Group III —In this group of experiments, which is also made
up of two series, the conditions were so arranged that, while all
the animals were protected from soil infection and from infection
by contact with any plague-infected rats which might be in the room
and were equally subject to aerial infection, half of them were pro-
tected from fleas and the other half were not so protected For
each experiment a pair of animals, one protected and the other
not protected, was used.

Series 5.—In this series the protection from fleas was obtained
by means of a curtain of fine metallic gauze, the mesh of which was
slightly larger than of that used for filtering petrol. In the other
cage a layer of ordinary wire netting took the place of the gauze.
The cages were left in the room for 48 hours : they were then re-
moved and the fleas taken off the animals which were segregated.
The following were the results ;—

(@) Bombay, 1906 : 42 experiments.

(1) Protected animals-—all remained healthy.
(2) Unprotected animals—4 developed plague.

(b) Punjab, 1906 : 21 experiments.

* (1) Protected animals—all remained healthy.
(2) Unprotected animals—4 developed plague.

(c)‘ Total; 63 experiments.

(1) Protected animals—all remained healthy.
(2) Upprotected animals-—8 developed plague (13 per cent.)

Series 6.~The experiments of this series differ from those of the
last series in that one of the animals instead of being protected
from fleas by means of a metallic gauze curtain was surrounded by an
area spread with tanglefoot,”” a sticky, resinous preparation used
for catching flies. The minimum width of this area was six inches,
a dlstance which no flea can jump. In the case of the control anis
mal the ‘ tanglefoot ’” was replaced by a layer of sand.

The following were the results of these experiments :—
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(a) Bombay, 1906 : 29 experiments.

(1) « Tanglefoot >’ animals—all remained healthy.
(2) “Sand” animals—7 developed plague.

Out of 247 fleas caught on the * tanglefoot *> 60 per cent. were
human-fleas, 34 per cent. were rat-fleas, and 6 per cent. were cat-fleas.

Plague bacilli were demonstrated in the stomach contents of
1 out of 85 of the human-fleas dissected and of 23 out of 77 rat-
fleas (30 per cent.).

(b) Punjab willages, 1907 : 30 experiments.

(1) ¢“ Tanglefoot > animals—all remained healthy.
(2) “8and” animals—2 developed plague.

The species of 156 of the fleas caught on the ** tanglefoot *’ was
determined ; 138 were rat-fleas, and only 18 were cat-fleas. There
were no human-fleas. Fifty-five rat-fleas were dissected, and the
gtomach contents of three were found full of plague bacilli.

The small number of successes in the experiments of Group
III in comparison with those of Group I, in which the guinea-pigs
were allowed to run free, is due to the fact that fleas did not reach
the caged animals in anything like the same number as they did the
free animals. Thus, in Series 1 the average number of fleas per
house was 20 and in Series 2, 40 ; while in Series 6 an average of
only three fleas per house were taken on the unprotected animals.

Before passing on to the last group of observations we have
to draw attention to the fact that by far the most common site of
the primary bubo in the animals which became plague-infected in
all the above experiments was the cervical region. We have
already pointed out the significance of this distribution and have
ghown that it points strongly to an infection by means.of fleas.

Group IV.—~This group consists of a series of observations,
having as its abject a comparison of the number of rat-fleas caught
in plague houses with the number taken in non-plague houses,

" - In the course of the observations of Group I with free guinea-
pigs carried out in 1906 in Bombay and in the Punjab a careful
census was made of the fleas caught in the houses. At the end of
the observations the houses were divided into two classes: (A), a
class in which the houses were definitely shown to be plague
infected, either becanse plague-infected rats had been fouund in
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the house or because one or both of the guinea-pigs developed the
disease ; and (B), a class made up of the remainder, in which the
houses were only presumably plague-infected, inasmuch as oune or
more plague cases had occurred in them. The data concerning
the flea census in these two classes of houses are summarised in
the accompanying table :—

Clags A. . Class B,
Houses definitely proved { Houses only presumably
plague-infected. plague-infected.
Bombay, Punjab. Bombay, Punjab,
Houses not Houaes ‘Housea not Houses dis-
{disinfected. | disinfected. disinfected,’ infected,
No. of houses
oxamined 13 10 is8 29 21 31
Total No. of u
flens caught 445 731 467 388 488 246
Average No. of 34 u3 26 13 23 8
fleas per house :

From thig table it is secen that the average number of fleas in
the houses which were definitely proved to be plague-infected was
in each instance about three times as great as in the houses which
were only presumably plague-infected.

During the plague epidemic in Bombay of 1907 further obser<
vations of a similar nature to those mentioned above were rade,
Tn this instance, however, a thirfl class of houses was added, namely,
houses which were definitely known not to be plague-infected. The
three classes of houses, therefore, in which the fleas were enumerated
were a8 follows 1 —

A. Houses deemed plague-infe *ed for one or more of the
following reasons: (1) a dead plague-infected rat or
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rats had been found in the house ; (2) the guinea-pig—
in this series only one animal was put into each house—
which was allowed to run fres in the house developed
plague and died ; (3) one or more of the fleas taken in
the house were found on dissection to be plague infected ;
(4) fleas taken in the house gave plague to a healthy
guinea-pig, on which they had been placed.

B. Houses presumably plague infected, either, (1) because a
plague case or cases had occurred in the house, or, (2)
because dead rats, which had not been sent for exa-
mination, were found in the house.

C. Control houses of the same type and situated in the same
neighbourhood as above, but which were definitely
known not to be plague infected.

The results of the flea census made in these three classes of
houses are set forth in the accompanying table, from which it is
seen that houses which were definitely proved to be plague
infected contained on an average nearly three tinies the nuniber
of rat-fleas-contained in houses which were only presumably
plague infected and 12 times the number contained in houses
which were free from suspicion.

Class A, Class B, Clags C.
Total No. of
houses 27 73 e, 68
Total No. of
fleas taken 784 755 169
Average No, of
fleas per house 29 10-3 25

A further point of interest which came out of these observations
is, that out of 130 fleas which were dissected and examined the
stomach contents of 41 (32 per cent.) contained abundant plague
baeilli.

198 ¢
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From & consideration of all these observations, both in Bombay
and in the Punjab, the only conclusion which can be come to is that
in a plague-infected house the infection is due to infected rat-fleas
and not to any infection of the soil or of the air.

B, The rat-flea the agent of transmassion of infection between
the rat and man,

We may now state the evidence which can be adduced in favour
of the theory that the rat-flea is the agent and the only agent of
trunsmission of the infection from the rat to man.

In the first place, we have to consider the question of the path

by which the plague bacillus effects an entrance into the human
organism.

In the case of primary pnenmonie plagne there is no question
that the infection is contracted by inhalation. Pneumonic cases
are, however, rare (2'6 per cent.) and play little or no part in
the spread of epidemic plague. While this is true of pneumonic
plague, almost all observers are agreed that, as far as the common
forms of the disease are concerned, man becomes infected through
the skin, the primary bubo developing it the glands in connection
with the lymphatics which drain the area of skin through which the
plague bacilli gain entrance. A large series of experiments in guinea-
pigs, in which infected fleas were fed on definite areas of skin,
supported this opinion, inasmuch as they showed that in this case
at any rate the bubo always developed in the glands in connection
with that area of skin on which the fleas were fed. This being
admitted, at one time it was thought that Indians, going about as
they do bare-footed, usually became infected by bacilli in the soil
getting rubbed into abrasions on the feet. This hypothesis was
founded chiefly on the observation that a large proportion of plague
cages have the bubo in the groin. The Indian Plague Commission,
however (Vol.V, p.70), pointed out that in proportion to the area
of skin which drained into them the glands of the groin were not
more commonly affected that the glands of the axilla or of the
neck. Thus, they pointed out that the areas of skin surface,
which drain respectively into the glands of the neck, the axilla
and the groin, stand to each other approzimately as the figures
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“1:18: 5, while the numbers of cervical, axillary and inguizial
buboes stand to each other severally in the relations expressed
by the figures 1: 13: 58, Further, it has also been shown
that in communities wearing shoes the percentage of groin
buboes is 1o less than in those who go about bare-footed.

It wonld appesr, then, from these considerations that in the
case of man there is no seat of election, as it were, of the skin area
through which the plague bacillus enters.

In considering other possible modes of entrance of the plague
bacillus, the Indian Plague Commission came to the conclusion that
man never or only in the very rarest instances became irfected
through the digestive tract. Within recent years, however, certain
workers in Hong-Kong, as s result of clinical experience, post-mortem
examination and feeding experiments, have favoured this method
of infection. The evidence brought forward by them is by no
means convincing, and the results of the posi-mortem examinations
and of the animal feeding experiments have not been confirmed by

other observers.

In conclusion, we may take it, therefore, that all the evidence
which is available points to man becoming infected through the
skin and is in favour of the agent of infaction being of such a nature
as the flea.

Tu the second place, we have already scen that both in Bombay
and in the Punjab there is a definite time relationship between the
rat epizootic and the epidemic.

In the case of Bombay City the average intersal, as deduceda,
from the curves showing the relation in time of the ruttus epizootic
and the epidemic, was 10—14 days, while in the case of the village
of Kasel in the Punjab the same interval was about a week. 'The
Bombay epidemic curve, however, was calculated on plague deaths,
while the Kasel curve was on plague attacks. The interval in the
latter case would, therefore, be shorter by a few days than the
Bombay interval, Further, in the village of Kasel an opportunity
was obtained of estimating the average interval between the finding
of dead plague rats in the houses and the occurrence of the first
plague case in them. In five houses, in which plague rats were

found on only one occasion prior to the human case, the average
b 3
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interval between the two was ten days. In 14 houses, in which
plague rats were found on more than one occasion prior to the
human attack, the average interval between the finding of the first
plague rat and the first case was 12 days, while the average interval
between the last plague rat and the first case was seven days.
These intervals correspond closely with those deduced from the
curves representing the raffus epizootic and the epidemic both in
Bombay and in Kasel itself. This interval is best explained on the
supposition that there is an intermediate agent between rat and
man. Assuming the truth of the flea theory it is divisible into
three periods as follows (-

(a) A period elapsing before the rat-flea, coming from the dead
rat, bites man, namely, three days.

This period of three days is deduced from a large number of ob-
servations made with rat-fleas in the laboratory. In these experi-
ments it was found that rat-fleas deprived of food for from
72 to 96 hours attack and feed on man most readily.
In this connection it is also to be noted, as will be shown
later, that the percentage of infected fleas taken from plague
rats is greatest for the first four days and after that rapidly
diminishes.

(6) Incubation period of human plague, namely, average of
three days.

(c) Duration of illness of fatal human plague cases, namely,
~average of b} days.

The periods (a), (b), and (¢) make up the interval between the
rattus epizootic and the epidemic in Bombay, and the periods
(@) and (b) the interval in the village of Kasel.

In the third place, we have already seen that in experiments
in plague-infected houses the only possible explanation of the re-
sults obtained with animals, .e., guinea-pigs, was that the rat-flea
and the rat-flea alone was the agent by means of which the animals
became infected, and that the infection in the houses was solely
due to the presence therein of infected rat-fleas. Further, in several
of these experiments and in some experiments in the godowns,
which have been referred to already, monkeys were infected under
the same conditions, that is to say, under conditicns which 2xcluded
all other means of infection but infected rat {isas, Tt has, of course,
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been impossible to make direct experiments with man of a similar
nature to those described and one is always reluctant inferen-
tially to transfer the results of experiments made on animals to
man.- “In the present instance this reluctance, it appears to us,
would be completely overcome, if it could be shown that rat-fleas
will at all readily use man as a host. With this end in view a large
number of observations have been made by the Commission which
confirm those already made by Liston in Bombay. These observa-
tions are summarized as follows—

(a) Observations made in the laboratory.

In the course of the large number of flea experiments made in
the laboratory it was often noticed that, when a man’s hand is put
into a cage containing rat.fleas, the fleas will jump on the hand and
if given time will feed on it. When the fleas are starved they will
more readily bite man and most readily when the starvation process
has lasted for from 72 to 96 hours. While this is so, it was also
noticed that unless the fleas were very numerous they would not
attack man in the prescnce of their natural host, the rat.

Further, it was found that rat-fleas may be attracted to man,
jorp on him but take some time to feed on him. This last ob-
servation is of importance in connection with the question
of importation of infected fleag frem place to place. Fleas might
be carried by man from one place to another without infecting
bim, but would, when brought near a rat, attack and infect it in
preference to man.

Finally, it was ascertained that rat-fleas could be kept alive
for some considerable time, namely, 3—-4 weeks, by feeding them
on human blood alone. Rat-fleas when starved never survive
longer than a week.

(b) Observations in the course of the godown experiments.

In the course of the godown experiments, to which reference
has been already made, fleas in considerable numbers have often
been taken on the legs of men who entered the godowns only for a
short time. As many as 44 fleas have been captured on the legs
of a man who went inside four times in quick succession and re-
mained in the godown each time no longer than was required to
pick up and remove a cage,
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{¢) Observations made in houses in Bombay.

In the course of the observations in Bombay the members of the
Commission had very often occasion to enter plague-infected houses.
On many instances they caught rat-fleas on their own persons as
well as on those of the attendants. In one house in particular, which
the inhabitants had evacuated after a very severe rat mortality,
many rat-fleas were caught on successive days on a man who
went inside only fora short time; thus, on April 18th, 5T; on
April 19th, 34, and on April 20th, 60 rat-fleas were taken in this
way.

From these various observations it is evident that the rat.flea,
P, cheopis, under certain circumstances, especially in the absence
of its true host, the rat, is attracted by man and will readily bite
and feed on him,

Additional evidence of & more indirect nature might be brought
forward in support of our present thesm but it would appear to
be unnecessary.

We can, therefore, now safely conclude that the rat.flea and the
rat-flea alone is the agent of transmission of the plague bacillus from
rat to man.

(6) Further observations on the transmission of plague by fleas.

We have now reached a stage when we may profitably pause and
consider some subsidiary problems which naturally follow on the
demonstration of the part played by the rat-flea in the transmission
of plague from animal to animal in nature. These problems are —

(a) The fate of the plague bacillus in the body of the rat-flea
and the mechanism by means of which the flea infecis a
healthy animal.

(b) Whether a single rat-flea can transmit the infection.

(¢) Whether both male and female rat-fleas can transmit the in-
fection.

(d) Whether other species of fleas, as well as P. cheopis, can
transmit the infection,
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(@) The fate of the plague bacillus in the body of the rat-flea and
the mechanism by means of which the flea infects a healthy
antmal.

A study of the anatomy of the mouth parts and of the alimentary
canal of the rat-flea shows that the blood is sucked up from the
wound made by the pricker and is then passed down the gullet by
successive waves of contraction of the muscles from before . back-
wards into the stomach, which is guarded anteriorly by a valvular
arrangement.

The stomach is & pear-shaped organ occupying a considerable
part of the abdomen of the insect. That the stomach is capable
of containing a considerable amount of blood is apparent from the
observation that after a flea has fed nearly the whole of the
abdomen is seen to be filled with a bright red mass.

In order to arrive at some conception of the chance of a flea
taking plague bacilli into its stomach and of the number likely to
be imbibed from the blood of & rat dying of plague, the Commission
made both approximate measurements of the average capacity
of the flea’s stomach and accurate estimations of the average
number of live plague bacilli contained in the blood of rats dying or
recently dead of plague. The technique of these operations is
too complicated to describe here ; it is sufficient to state the follow-
ing conclusions :—

The average capacity of a rat-flea’sstomach has been approxi-
mately estimated to be 0'5 c. mm, | The blood of a plague-infected
rat before death may contain as many as 100,000,000 bacilli
per c.c. If, therefore, a rat-flea imbibed the blood of such a rat
it wonld receive into its stomach 5,000 germs. Further, it is
evident that a flea that imbibed the blood of a rat containing
10,000 or more germs per c.c. would take some bacilli into its
gtomach. Now, it was found that the blood of about two-thirds
of plague-infected rats contains more than this number of germs,
5o that rat-fleas in sucking the blood of plague rats in nature must
have ample opportunity of taking bacilli into their stomachs,

Evidence was next obtained on the question of the multiplica-
tion of plague bacilli in the stomach of the flea. Fleas were fed
on plague-infected rats until the death of the latter animals. They
were afterwards fed on healthy animals, a fresh animal being sup-
plied each day, so that it was impossible for them to imbibe any
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more bacilli, Each day a number of the fleas was dissected and
the stomach contents examined as to the presence or absence
of plague bacilli. In a certain proportion abundant germs were
found up to the 12th day and in one instance on the 20th day. We
have good evidence in this observation that multiplication of plague
bacilli may take place in the flea’s stomach, for, if there had been
no multiplication, the bacilli-laden blood imbibed originally would
soon have been diluted to a marked degree and the bacilli washed out
by the blood taken in at each feed on the healthy animals.

The next point to determine was the approximate proportion
of fleas in the stomachs of which multiplication of plague bacilli
+akes place. This proportion was found to vary with the season
of the year, being six times greater in the epidemic season than in
the non-epidemic geason. In the epidemic season the percentage
of infected fleas was greatest for the first four days (43 per cent.)
after removal from the plague rat, but a certain number weye found
with bacilli in their stomachs up to the 12th day ; thus, on the 6th
day there were 15 per cent., on the 8th day 16 per cent. and on
the 12th day 9 per cent. On one occasion the stomach contents
of a 20th day flea were found full of plague bacili. In the non-
epidemic season no flea was found with plague bacilli in its
stomach after the 7th day and of those examined during the first
six days only 52 per cent. were infected.

It was important now to determine the duration of infectivity
of rat-fleas taken from plague rats when tested on susceptible ani-
mals, This was done by feeding fleas, which had imbibed blood
containing plague bacilli, on healthy guinea-pigs, a fresh animal
being supplied each day, until all the fleas had died. After being
in contact with the fleas for 24 hours each guinea-pig was carefully
cleared of fleas and segregated. In this way several series of experi-
ments were done with the following results :—One series done
during the epidemic plague season and in which a limited number
of fleas were used showed that, in these circumstances, fleas
could remain infective for at least 10 days. A second series, also
carried out during the epidemic season, but in the presence of a
very large number of fleas, gave the time that fleas might remain
infective as 15 days. In a third series of experiments, conducted
under the same conditions as the second series but during the non-
plague season, the fleas remained infective for only seven days and,
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further, far fewer (one-third instead of two-thirds) animals than in
the second series contracted she disease. It is to be remembered
that in these experiments the fleas were fed throughout. Starved
fleas, even when placed under the most favourable conditions, never
survive longer than a week.

The next questions which suggested themselves were, (1) are
the bacilli to be found anywhere in the body of the flea outside the
stomach ? and (2), how do the bacilli leave the flea’s body ¢ The
blood after the end of the digestive process in the stomach passes
into the rectum of the flea as a thick, slimy, dark-red mass and ap-
pears at the anus as minute, dark-red or black, tarry droplets, It is
easy to demonstrate by dissection and examination that the
rectal contents are often crowded with plague bacilli and,
it has been repeatedly shown, both by microscopical examination
and by animal tests, that the fsces may contain abundant and
virulent plague bacilli.

On the other hand, a wvery large number of fleas, which had
come off plague rats at intervals varying from a few hours to several
days, have been dissected and the various parts of the body
examined for the presence of hacili. On rare occasions a few
bacilli bave been seen in the gullet but only in these cases in which
the flea has been killed immediately after feeding. As regards the
other regions of the body, in not a single instance have any
plague bacilli been observed outside of the organs already men-
tioned. No infection of the bedy ecavity has been seen and,
althongh particular attention was paid to the salivary glands,
nothing at all resembling a plague bacillus has ever been detected
in them. It would appear, then, that nowhere outside the stomach
and the alimentary canal posterior to the stomach are plague
bacilli to be found in any numbers and that they leave the body
chiefly, if not entirely, along with the faces.

These observations have a distinet and important bearing on
the next question which we have to consider, namely, ‘the question
of how the flea transmits its infection to the healthy animal. It
is evident that several methods of transmission are possible, such
a8 (a) the animal eating the infected fleas; (b) the mechanical con.
veyance of the bacilli by the pricker ; () the injection of the baeilli
along with the saliva as the result of an infection of the salivary
glands ; (d) the regurgitation of the stomach contents or the retention
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of the infected blood about the mouth parts or in the pharynx,
the bacilli being then injected with the saliva or carried down on the
pricker or rubbed into the wounds made by the pricker ; (e) the depo-
sition of the infected fieces on the skin, the bacilli being then in

jected by the pricker or rubbed into the wounds made by the pricker,

After careful consideration of all the available evidence bear.
ing on the subject the Commission were of opinion that
it pointed to the conclusion that the bacili after multiplying
in the stomach leave the body of the flea with the fmces and then
become injected into the healthy animal either by being carried in
by the pricker or by being rubbed into the pricker wounds, In
addition to the evidence already mentioned pointing to this con-
clugion we may mention the fact, that the flea while sucking has a
habit of squirting blood per anum. Further, experiments have
shown that the wounds made by the pricker afford a sufficient
avenue for the entrance of the bacilli, even when no rubbing is re-
sorted to. While all the evidencs points  to the inoculation of the
fleas’ faeces being the method of infection, the possibility of infection
by contaminated mouth parts or by regurgitation from the stomach
cannot be altogether excluded, although no evidence could be
obtained in favour of either of these methods, Infection by the

eating of infected fleas and by infected saliva can be almost
certainly excluded.

(b) Whether a single rat-flea can transmat the infection,

Rat-fleas were taken off plague-infected rats after the death of
the latter. They were then transferred to healthy guinea-pigs in
clean flea.proof cages, one flea being added to each cage.
Sixty-seven experiments were made in this manner, but only in
one instance was there a successful transference of the disease.
As we can estimate that about half of these 67 fleas contained
plague bacilli in their stomachs, it would appear that the chances

of an animal contracting plague after being bitten by a single
infected flea are remote. :

(¢} Whether both male and female rat-fleas can transmit the
infection,

Observations were made to ascertain if both the male and
female P. cheopis could transmit plague from animal to animal.
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Six experiments were carried out with each sex, with the result that
one animal in each series became plague thfected.

(d) Whether any other species of flea, as well as P. cheopis,
can transmit the infection.

Three other species of flea were available for these observations,
namely, Ceratophyllus fasciatus, Pulex felis and Pulex irritans.

1. ExperiMents with Ceratophyllus fasciatus.

This is the common rat-flea of Northern Europe. 1t is not found
at all in Bombay, but in the cold weather was taken on rats in the
Punjab to the extent of 2 per cent. On account of its scarcity
and because the experiments were made towards the end of the
observations at Dhand and Kasel, only two experiments were com-
pleted with this flea. Both these experiments were successful,
showing definitely that Ceratophyllus fasciatus can convey plague
from infected to healthy animals.

9. ExpErIMENTS wITH Pulex felis.

This is the common flea found on cats and dogs. It was found
not to live well on guinea-pigs and rats. Transmission experiments
with it were carried out by feeding the fleas first on Bombay rats
infected with plague and on the death of the latter transferring
them to fresh guinea-pigs in clean flea-proof cages, Although 27
experiments were made in this way, not a single successful transmis-
sion was obtained. It should be added that these experiments were
made during the height of the plague epidemic in Bombay.

3. ExperiMENTS WITH Pulex irritans.

Experiments with this flea, the common species found on man,
were carried out in the same manner as those with cat fleas. Oug
of 38 experiments three of the guinea-pigs became plague infected.
This small number of successes may be explained by the fact that
this flea does not live well either on rats or on guinea.pigs. It was
found that, if kept on rats, only 1-2 per cent. of the number originally
put on could be recovered after 24 hours and that after 72 hours
this was further reduced to 1 per cent.
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Part IV.—RELATION OF THE HUMAN PLAGUE CASE TO
THE SPREAD OF THE EPIDEMIC.

A.—Introduction,

B.—Ezxperi=nce in hospituls,

C.—Influence of imported cases on the spread of the epidemic.

D.—Pyevious history of plague cases as regards contact with
other plague cases,

E —Relative frequency of the occurrence of single and muliiple
cases of plague in houses and buildings,

A.—INTRODUOTION.

Considering that we have already arrived at the conclusion
that the plague epidemic is solely attributable to the rat epizootic,
it may seem superfluous further to examine the question as to
the part played by a human plague case in the spread of the
epidemic. This question is, however, of so much importance
to the sanitarian, whois called upon to devise prophylactic
measures, that we propose now to gather fogether all the
evidence on the subject which is available, in order that such a
definite conclusion may be arrived at as to enable the administrator
to act upon it with confidence.

In the following remarks it is to be understood that pneumonic
plague cases are excluded. The contagiousness of this class of case
and the mode of transmission of the infection have never been
disputed ; but on account of their rarity pnenmonic cases can play
only a minor part in the spread of the epidemic.

A little consideration will make it evident that an ordinary plague
case can only be infectious, in so far as the excreta are in-
fectious or in so far as the infection is carried by means of a guctorial
insect such as the human flea. We have already brought forward
experimental evidence to show that the excreta of plague cases, as
well as of plague rats, are not infective when the methods of
inoculation practised are such as would occur in nature. As
regards the human flea being an agent in the conveyance of the
disease, it cannot be denied that this flea can transmit the infection
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from animal to animal in the laboratory. Other experimental data,
however, such as, the comparatively small number of plague bacilli
present in the blood of plague cases, are against this hypothesis,
so that to conclude off.hand from the transmission experiments
done in the laboratory that such a method of transmission from
case to case takes place in nature would be extremely dangerous
and, as we shall see later, would lead us into grievous error. We
do not now intend to enter again into the experimental evidence,
valuable as it is, which is opposed to the belief that a plague case
is infectious. We propose, however, to take up the question
from the epidemiological aspect, drawing our evidence from
various gources and only referring to experimental data when
necessary.

B.—ExPERIENCE IN HosPITALS.

It has long been observed in India that the attendantsin a
plague hospital remain singularly free from infection, although
they are brought frequently into intimate contact with patients in
the acute stage of the disease. 8o well is this fact recognised that
it has become a saying * that the safest place in a plague epidemic
is a hospital.” The Commission’s experience in the plague hospitals
of Bombay, as Well asin the homes where cases were treated,
forced the members to the same conclusion,

In order, however, further to investigate the point, expenments
of three different kinds were made—

(1) Two guinea-pigs were allowed to run free in the acute
plague ward of the Maratha hospital, Bombay. Although kept in
the hospital for one week these animals remained healthy.

(2) Bedding recently soiled by the excreta of acute cases just
before death was obtained daily from the hospital and put into a
confined space, namely, godown No. 5, along with 15 guinea-pigs.
Each lot of bedding was kept in the godown for 24 hours, but
the. same guinea-pigs were exposed throughout. Although the
experiment was continued for several weeks and in the intimate
contact of a confined space, a contact, which was closer and
more prolonged than any that could possibly happen in the cage
of man, none of the guinea-pigs contracted the disease.
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(3) We have already stated that neither the urine nor
freces of acute plague cases infect guinea-pigs when rubbed into
abrasions on the skin.

C.—INFLUENCE OF IMPORTED CASES ON THE SPREAD OF
THE EPIDEMIC.

When we come to deal with the subject of importation of plague
into localities hitherto uninfected, we shall see that imported plague
cases are in many instances seemingly the starting point of the
epidemic. Now, we have already arrived at the conclusion that
the epidemic is wholly dependent on the rat epizootic, so that
it follows that there must be a connection between the imported
case and the start of the epizootic. What this connection is
we shall see later on. At present, however, we wish to bring
forward some observations of  the Commission in regard to
the fate of the contacts of plague cases imported into the villages
in Bombay and in the Punjab, when there was no evidence of a rat
epizootic resulting.

(1) Out of 28 cases which ocourred in Parel village 17 were
undoubtedly imported, having acquired their infection in Bombay.
In the houses in which these cases were treated a large number
of individuals were living in the same rooms as the sick, but in
no instance did any of the healthy become infected.

(2) In the case of Wadhala village early in the year two separate
cases were imported from Bombay City. None of the inhabitants
of the housges in which these cases lived contracted the disease
and there was no extension of the infection in the village.

(3) During the year that Worli village was under observation
three cases of plagne occurred. There is no doubt that all these
cases were infected outside the village. Again the contacts remained
healthy and there was no extension of the disease.

Without entering into details we may say that similar observa-
tions were made in the Punjab.

Before leaving this question we would like to make it clearly
understood that while these observations appear to show that
an imported plague case is of no danger per se to those with
whom it comes in contact, it by no means follows that a plague
case may not import with it something, e.g., infected rat-fleas,
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which may infect the indigenous rats and thus be the starting point
of the rat epizootic and, in consequence, indirectly, of the
epidemie.

D.—PREVIOUS HISTORY OF PLAGUE OASES AS REGARDS CONTACT
WITH OTHER PLAGUE CASES.

In Bombay City it was absolutely impossible to obtain any
trustworthy information on this point. In the Punjab villages,
however, in the great majority of cases accurate information
was obtained. In Dhund there were 32 cases: 25 of these
(80 per cent.), it was definitely ascertained, did not prior to
attack come in contact with other plague cases. The remaining
7 cases had come in contact with plague cases, so the
possibility of their having been directly infected from the latter
cannot be excluded. In- Kasel out of a total of 75 cases it was
ascertained that 53 (70 per eent.) did not prior to attack come in
contact with other plague cases; that 11 cases (15 per cent.) had
been in contact with cases prior to becoming ill and that with
regard to the remaining 11 cases (15 per cent.) it could not be
determined whether or not such contact had taken place.

In these two villages, therefore, the great majority of cases
did not receive their infection from other plague cases.

Finally, it will be remembered that in the village of Sion Koli-
wada on the evacuation of the inhabitants a guinea-pig population
was put into the empty houses. A severe epizootic spread through
these animals, although there was no chance of contact in any
instance with a sick animal.

E.—RELATIVE FREQUENCY OF THE OCCURRENCE OF SINGLE AND OF
MULTIPLE PLAGUE CASES IN HOUSES AND BUILDINGS.

If plague were an infectious disease, it would certainly happen
that multiple cases in a house would be the rule and not the excep-
tion, The observations of the Commission throw much light
on this point.

(1) In Dhund the 32 cases inhabited 26 houses : of these houses
one furnished three cases, four furnished two cases each and the
remaining 21 houses a single case each. Thatis toesay, 70 per
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cent. of the cases were single cases. All the cases were treated in
their own houses throughout their illness, In the 21 houses
which furnished single cases the number of contacts was 86,
all of whom came into intimate relation with the patlents
None of these contacts contracted the disease.

(2) In Kagel the 75 cases inhabited 67 houses. One house
furnished three cases, six houses furnished two cases each and 60
houses a single case each. That is to say, 80 per cent. of the
cases were single cases. In the houses which furnished single
cases the number of contacts was 273, of whom 18 had been
inoculated against plague. In other words, out of 255 presum
ably susceptible persons who came into contact with plague cases
not one was attacked,

Further, both in Dhund and Kasel it was observed that when
multiple cases did occur in a house they were attacked practically -
simultaneously, as if from a common source of infection.

(3) In Parel village there were 28 cases, 17 of which were
imported. Of these cases 20 (71 per cent.) were single cases, the
remaining eight being divided amongst four houses, two in each.
In all the houses where cases occurred a number of inhabitants
were living in the same room as the sick. In no instance was
there any evidence to show that the sick communicated the

disease to their healthy attendants or friends.

(4) In Bombay City the experience of the Commission showed
that it is comparatively rare to find two or more cases in a
house. Attention was specially directed to this point, because -
throughout the epidemics of 1906 and 1907 a continual endeavour
was made to find instances of this kind with the purposé of using
such houses for guinea-pig experiments. The number of houses
suitable for this purpose was very small when compared with
the total number of plague houses.

A large mass of data relating to this question was ob-
tained from the municipal records for four epidemics, 1903-1906.
The records relating to the incidence of plague for these years
in all the buildings in 10 typical sections of the city were
analysed and statistics under the following headings compiled —

| .
(@) Mean number of inhabitants per building.
(b) Mean number of tenements per building.

198 ¢
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(¢) Mean - number of plague cases per building in each
epidemic.

(d) Percentage of buildings which yielded one case, two
cases, three cases, ete,, in each epidemic.

The results of a study of these statistics are very striking.

Thus, it was found that although the mean number of
inhabitants per building is as high as from 27 to 61 in the
different sections and the mean number of tenements per
building is between 4'5 and 9°1, that is to say, the buildings are
of considerable size, the mean number of plague cases per build-
ing in the epidemic season is very low, never, indeed, rising to 3
per building, and in the different sections varying between 1'5 and
29, In the non-plague season the mean number of cases per build-

ing was never in any section higher than 2 and was generally
between 1 and 1°5,

This low mean number of cases pet building, when considered
in the light of the fact that the buildings on the whole have a large
population distributed as separate families in houses or tenements
within the building, is without doubt evidence that the mean
niumber of cases per house must be a very low figure,

This conelusion is supported by the fizures which relate to the
percentage of infected buildings which yield single and multiple
cases. Thus, for example, in the epidemic of 1906 in Dongri section
49'7 per cent, and in Kumbharwada section 71 per cent. of the
buildings infected had single cases. The figures for the other
gections come in between these. In order to make the statistics

clear to our readers, the figures for the year 1906 for Dongri section
are given below.

Dongri section, 1908.

Mesn num-| Msan num- Totsl num. Mean num-
Number of POPula. berof inhabit-| ber of tene- | Total num- m'ﬁ?éf" o | berof plague
occupied | tlon, a ments per |ber of plague | ief nigeld.- cages per
buildings, .| building. building. cases. el p\aygue infecte:
ol o, bailding,
| Jan, | July | Jan, | July | Jan. | July
to ta to t0 io to
June.}| Dec, | June,} Dec, | June, | Dec,
835 32,863 61 01 436 32 107 24 22 13

Jan.——June="Plague season. -t
July—Dec, =Nun-plague season.
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Number and percentage of buildings which yielded cases.

11 canes
1 case, 2 cases, 3 cases, 4 cases, 610 cages. and

over,

Jan, | July | Jen. | July | Tan, | July | Jan, | T uly | Jan, | July | Jan, (July
to to to to to to to to to to to to
Jane | Dec, |June, | Dec. | June, | Dec, | & une, | Dec. | June. | Deo, | June, Des,

———

Num-
ber 98 20 81 2 35 1 14 v 16 1 8

Peor-
cent,-! '

oatinl 497 8%3| 157 &8 l1urs | e8| 71 81| 2 13
fected v

bufid.
ings.

" All the evidence, then, points to the conclusion that in the great
majority of instances a house during a plague epidemic yields
only a single case. Moreover, it was also found that, when two
or more cases do occur in a house, they are attacked practically
simultaneously as if from a common source of infection, and that
in houses with multiple cases the evidence regarding the rat mor-
tality is much stronger than in those instances in which only &
single case ocourred in a house,

This phase in the natural history of plague is adequately ex-
plained when we consider certain facts in connection with the
transmission of the infection from rat to man by rat-fleas, which
-have been already mentioned. Thus, we have seen that the
percentage of infected fleas rapidly diminishes from the 3rd or
4th day after the flea has imbibed the blood of the plague rat. In
this connection it is to be noted that only 21 per cent. of plague
houses were infective for guinea-pigs, although in these experi-
ments the houses were chosen as being apparently badly infected
and the tests were made as early as possible.  We have also seen
that the chances of infection being given by a single flea are remote,
an important fact when taken in conjunction with the observation
that rat-fleas will not attack man unless forced to do so,

It would appear from all these considerations that the chances
of man being infected in the course of the disease amongst the rats
are not very great, that, in other words, he only participates, as
it were, by an off chance in the rat epizootic.

It is unnecessary here to draw attention to the bearing of
these facts on the prophylaxis of the disease. Their teaching
with reference to such measures as disinfection, segregation of plague
cases, etc., is too obvious to require comment,.
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Parr V.—RELATION OF INSANITARY CONDITIONS TO
THE SPREAD OF PLAGUE.

A, ~Influence of insamitary conditions considered without refer+
ence lo rat plague upon the spread of the epidemic,

B,—Influence of tinsanitary conditions upon the spread of rat

plague and wpon the transference of infection from rats to man—

(1) The conditions which favour the spread of rat plague over a
city, or through a village.

(2) The conditions which favour the spread of rat plague into
and throughout inhabited buildings.

C.—Incidence of plague on different classes of the community.

When we consider in what manner insanitary conditions might
influence a plague epidemie, it is evident that, accepting as true
the conclusion that the epidemic is wholly dependent upon the
rat epizootic, the problem divides itself into two parts, namely,
(1) the influence of insanitary conditions considered without refer-
ence to rat plague upon the spread of the epidemic, and (2) the
influence of insanitary conditions upon the spread of rat plague and
upon the transference of infection from rats to man. These two
problems have to be kept entirely separate.

A.—INFLUENCE OF INSANITARY CONDITIONS CONSIDERED WITHOUT
REFERENCE TO RAT PLAGUE UPON THE SPREAD OF THE EPI~
DEMIC.

When we consider the manner in which insanitary conditions,
guch as defective ventilation, bad lighting, ete., may affect a plague
epidemic, it is evident, in the light of what has gone before, that
we have to consider only the possible effect of such conditions
in lowering the resistance to infection of persons who are exposed
to them. It cannot be denied that insanitary conditions may exert
such an influence. On the other hand, there can be no doubt that
plague is a disease which most frequently attacks men and womer

in full vigour of the prime of life. Leaving, however, 4 prior:
reasoning behind, the Commission examined, as far as was possible,
the question during the epidemic of 1906 in Bombay. They use
chiefly the statistical method and the results were as follow :—

(1) Personal experience of native houses in Bombay leads to
the belief that the ventilation of these houses is not on the whole
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defective. Moreover, from experience of the ventilation of houscs
in which plague cases occurred and from statistical data based on
observations of the state of ventilation of a large number of plague
houses, the Commission were led to form the conclusion that no
relation exists between the incidence of plague in these houses and
their ventilation.

(2) Similar evidence relating to the conditions as regards
lighting, which are found to obtain in plague houses, led also to
the conclusion that no relation exists between such conditions and
the incidence of plague in these houses.

(3) It is certain that in many of the sections of Bombay dense
overcrowding of the population exists. The evidence obtained
bearing upon the relation of this overcrowding to theincidence of
plague was of two kinds—

First, statistical data relating to three criteria of overcrowding
were compiled, namely—

(a) the number of inhabitants per acre ;

(b) the number of inhabited buildings per acre ;

(c) the average number of inhabitants per occupied build.
ing.

These data were compared graphically with the incidence of
plague per mille of the population for each section.

Secondly, an analysis was made of data relating to the amount
of space available for each occupant in over 4,000 houses in which
plague cases occurred.

Consideration of the whole of the evidence lsd the Com.
mission to the conclusion that, although the incidence of  plague
‘'was highest in the most crowded tenements, it was apparently
unaffected, so far as the City of Bombay is concerned, by the
density of population in the different sections of the City, the
smallest areas regarding which figures could be obtained.

(4) Tt cannot be denied that the system of the disposal of night
soil and sullage water, that is to say, the system of open drains
or gullies between the buildings, which prevails in the native
city of Bombay, is a highly insanitary one. Nevertheless, «f
the rat epizootics are excluded, the Commission were unable to
discover amy definite ryelation connecting this state of affairs
with the apread of epidemic plague. Tn confirmation of this view
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the case of the outlying villages in the island, which possess no
such system and which nevertheless are liable to severe
epidemic outbreaks, may be cited. Again, in Bombay itself
severe attacks may occur in buildings provided with an excellent
water carriage system.

In short, the Commission felt justified in coming to the
conclusion that the insanitary conditions which exist in Bombay
have no influence which acts directly on the spread of epidemic
plague.

In support of this conclusion attention can be drawn to a sever®
epidemic which occurred in a nuinber of new chawls recently built
by the Improvement Trust, buildings which in respect of theif
sanitary arrangements could not be improved upon. Reference
will be made to this outbreak later on. It is, of course, also true
that during the epidemic many buildings in the City in a highly
insanitary state escaped infection altogetlier.

B.—INFLUENCE OF INSANITARY CONDITIONS UPON THE SPREAD
OF RAT PLAGUE AND UPON THE TRANSFERENCE OF INFEC-
TION FROM RATS TO MAN.

It will be convenient fo consider this patt of our subject under
two heads, namely, (1) the conditions which favour the spread
of rat plague through a city such as Bombay and thro ugh a
village, e.g., in the Punjab ; and (2) the conditions which favour the
spread of ratplague into and throughout inhabited buildings:

1. The conditions which favour the spread of rat plague through a
city, e.g., Bombay, or through a village, e.g., in the Punjab.

T Bombay we have seen that the spread of epidemic plague
through the City is directly due to plague in Mus decumaniis. It
follows, therefore, that the conditions which favour this species of
rat will be the conditions which favour the spread of the epidemie
through the city. We have already drawn attention to the habits
of M. decumanus, so that all that is now necessary is to mention
briefly those conditions obtaining in an oriental city like Bombay
- which are favourable to its existence. '

In the first place, the structure of the buildings is for the most
part of the ﬂim_siest description. The foundations are not by any
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means rat proof and as a rule there are no solid masonry plinths.

The buildings in consequence are easily infested by Mus decu-
manus.

In “the second place, separating the buildings from one
another, there is a system of gullies, which are siniply open
drains, These gullies communicate freely, on the one hand,
with the ground floors of the buildings and, on the other hand,
with the sewers and storm.water drains. The latter come
into complete function only in the rainy season and, therefore,
during the greater part of the year are practically dry, and

must then offer excellent shelter for rats with habits like M. decu~
manuss

In the third place, scattered throughout the City there are
innumerable stables and store houses or godowns of all deseriptions,
sitnated either in detached buildings or more often on the

ground floors of inhabited buildings. These afford excellent
shelter for rats.

Finally, the food supply for rats is abundant., The stables
and godowns themselves contain & good food supply, and into
the gullies, court-yards and lanes the inhabitants throw all the
remains of their food, the sweepings of the rooms and other garbage,
It is, moreover, & common custom to tether goats, sheep and
cattle in the court-yards, lanes and entrances to the houses, A
special corps of municipal servants, the sweepers, is entertained
to keep the streets and gullies clean, but even with their best
endeavours this is an almost impossible task,

To sum up then, the flimsy structure of the houses and the lack

of solid plinths, the system of gullies and drains in general, the

stables and godowns s0 common throughout the city in close con-

~ nection with the human habitations, the abundant food supply,

all play their parts in attracting and fostering M. decumanus.

These conditions, therefore, have an indirect influence on the diffu-
sion of plague throughout the city.

As regards the Punjab villages we have already seen that the
case is simplified on account of the absence of M. decumanus. We
have seen also that the chief factors which favour M. rattus are, the
configuration of the villages, the close aggregation of the houses,
the mud walls and floors easily permeable by rats and the abun«
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dant food supply present in the court-yards and the houses them-
selves. These are the conditions, therefore, which favour the
diffusion of plague throughout the villages,

2. The conditions which favour the spread of rat plague into and
throughout inhabited buildings. ‘

We have already come to the conclusion that the rattus epizootic
in Bombay is directly attributable to the decumanus epizootic.
Now M. rattus is, as we have seen, essentially a house rat and to
plague in this species the whole or by far the greater part of the
house infection is due. It follows, therefore, that those conditions
which favour the coming together and meeting of M. decumanus
and M. rattus will be the conditions which are responsible for the
spread of plague into buildings, while those conditions which favour
the existence of M. raftus in the buildings will be responsible for
the diffusion of the disease throughout, the buildings.

As regards the first point, namely, the conditions which favour
the coming together and meeting of the two species, we have
already pointed out that M. raltus and M. decumanus in Bombay
are closely associated with each other in gullies, on the lower floors
of houses and in godowns, which localities appear to be their common
meeting ground. It is evident, therefore, that the gully system
of drainage, the unsubstantial character of the foundations and
plinths of buildings, which render the latter easy of access by
rats, the presence of godowns, stables, ete., on the ground floors of
buildings, are the conditions’ which are mainly responsible for
the spread of plague into the buildings,

In the case of the Punjab villages the same conditions, which
we have seen favour the diffusion of the epizootic through the
village, namely, the olose aggregation of the houses, their mud
walls and floors, ete., favour its entrance into the houses.

Passing on to the second question, namely, the diffusion of the.
epizootic throughout the buildings, we find present in all Indian
houses conditions which are eminently favourable for the exis-
tence of Mus rattus. <

The structure of the houses does much to favour this species,
The flimsy walls and floors, the mud walls of the Pu 1jab village
house, the country-tiled roof, the general condition of disrepair,
all offer attraction and afford good shelter to Mus rattus. But
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a8 important, if not more so, are the conditions which depend
upen the habits and customs of the people themselves.

In the first place, the natives of India are universally
indifferent to the presence of rats in their houses and in some
instances go so far as to protect them from molestation,

In the second place, the people are in the habit of filling their
bouses with all kinds of useless articles apd accumulations of
rubbish. Small lofts are improvised with planks or bamboos,
and in these lofts are stored all kinds of odds and ends, such as,
earthenware and brass jars, pieces of matting, firewood, old clothes,
ete. In the interior of the houses, therefore, there are
splendid shelters and breeding places for the house rat.

In the third place, the food supply is abundant. The supplies
of raw material, grain, seeds, ghee, ete., are stored in wooden chests,
earthenware pots, ete. (in the case of the Punjab houses there are
special grain receptacles), all of which are easily accessible to rats.
The food is cooked and eaten in the room off plantain leaves or
brass platters placed on the floor, meither tables nor chairs being
used.

As an illustration of the influence of the habits of the people
and the conditions resulting therefrom on the spread of plague
inside buildings, we may with advantage instance the case of the
Improvement Trust chawls, to which passing reference has already
been made. These chawls, 16 in number, were built recently
by the Bombay City Improvement Trust and, in fact, some of them
had only just been occupied before the plague epidemic of 1906
began. The walls are solidly built of brick and are supported
on high, solid, masonry plinths. The floors are of concrete or
~patent stone and the roofs of fiat Mangalore tiles. The verandahs
and corridors are also paved with concrete and are wide and airy,
the lighting and ventilation of the whole building leaving nothing
to be desired. There are no gullies, and excellent water closets
are provided. In short, the buildings in themselves offer no
shelter to rats. In spite of this M. rattus is commion in the houses.
It is further certain that the rat infestation of the buildings id
entirely due to the habits of the people in the matter of the dis-
possl of their Household belongings and food stores as described
above. In the plagne season of 1906 these chauls were sc badly
infested, that the people had to evacuate and live in huts made of
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bamboos and matting built on an adjoining piece of vacant ground.
They have a population of about 4,000 and no fewer than 57
cases of plague oceurred amongst the inhabitants. It may be add-
ed that at the time of the epidemic in the chawls there was a
congiderable mortality amongst the rats, several of which on
examination were proved to be plague infected.

C.—INCIDENCE OF PLAGUE ON DIFFERENT CLASSES OF THE
COMMUNITY,

It has been the general experience in India of all plague
workers that the incidence of the disease is not so great amongst
the well-to-do classes as amongst the poorer population.
Europeans are practically exempt. The Commission’s experience
bears this out, and certain statistical data which they
collected are in harmony with it. The explanation is not
far to seek. The description of the houses and habits of the
people which we have given above apply only to the poorer
~classes. As the people rise in the social scale, their houses

are of better structure and, more important still, their mode of

living becomes more like that of Europeans. The compounds
of the houses are kept clean and the household rubbish which
accumulates is relegated to a godown. There is, therefore,
little or no shelter or attraction for rats. Further, the peopl:
themselves, like Europeans, show much aversion to live in
association with rats. It can, therefore, be readily unde:-
stood that the houses of the well-to-do Indiansin a city such
as Bombay, as well as the houses of the Europeans, do not harbou
anything like the number of rats which are to be found in ti-
houses of the poor population. It would appear, in consequenc
that the explanatidn of the fact that the incidence of plague
much greater on the poor population than on the well-to-do Indi.
and European is ultimately to be found in the different conditic.
in which they live and in their difterent habits.
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Parr VI.—THE RECURRENCE OF PLAGUE IN HOUSES
IN SUCCESSIVE EPIDEMICS.

" It has often been alleged that infection may persist in a house
or in a locality apart from rats and that plague tends to recurin
certain houses in successive epidemics. It has generally been
assumed that the plague bacillus is able to live for long periods
in soil, and that infection may lie latent there until the next
plague season, when it breaks out afresh in a virulent form,
Associated with this assumption is the idea that the conditions in
certain houses are especially favourable for the persistence
of infection, so that the inhabitants of these houses are attacked
by plague year after year.

! The evidence obtained by the Commission is quite against
this view.

In the first place, all experiments show that the plague bacillus
very soon dies in soil ; it seems to have no existence in nature
outside an animal body.

In the second place, a number of houses in Bombay which were
plague infected during the epidemic of 1906 were experimentally
investigated at regular intervals during the period of one year, but
no-evidence of the persistence of infection in any of them was ob-
tained nor did plague occur in them during the subsequent season.

In the third place, the question was investigated by the stat-
istical method, both in the Punjab villages and in Bombay City.
The results obtained in the former are worth detailing.

An attempt was made to determine whether houses in Dhund
and Kasel which were infected in one epidemic were especially
liable to be again infected in any subsequent epidemic. All parti-
culars of the incidence of plague in houses during previous epidemics
were ascertained and lists of the houses in which plague cases had
occurred were prepared for each epidemic. Table 1 shows the total
number of occupied houses and the number of houses infected in
each epidemic, for both Dhund and Kasel. Table 2 shows the
actual number of houses which were infected in one epidemic only,
in any two, in any three and in all four epidemics ; while Table 3
gives the figures, which have been calculated from the data in
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Table 1, showing the probable number of houses which would have
been infected in 1, 2, 3 and 4 epidemios, on the assumption that the
houses were equally liable to infection throughout all four epi-
demics,

The close correspondence between the actual and calculated
figures suggests that the assumption on which the latter figures
were worked out is a legitimate assumption or, in other words, that
plague showed no tendency to recur in houses during successive epi-
demics.

Similar results were obtained in Bombay, so the epidemiological
evidence supports the experimental in showing that infection does
not persist in & house apart from rats and that there is no such
thing as a ¢ plague house,” in which the disesase is Hable to recur
in successive epidemics.

TasLe T

Showing the total number of occupied houses and the number of
houses infected in each epidemic in Dhund and Kasel.

No, 0? HOUSES INPECTED,
. Total No, of
Village, occupied

houaes, In fiesg Insecond | In third In fourth
epidemic, epidemic, espidemte, epidemic,

Dhund , . 418 101 108 | 40 26

Kasel . . 806 808 252 230 | a7

TasLe IT

Showing the actual number of houses in Dhund and Kasel, which were
infected in 1, 2, 3 and 4 epidemics.

NO, OP HOUSES INFECTEp,

Village. —_—
* In one epide- | In any two | In any three| In all four
mic only. epidemica, epidemics, epldemica,
Dbund . . . v 208 65 9 0
Xasel . . . 383 169 43 2
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Tapie III

Showing the probable number of houses which would have been
infected in 1, 2, 3 and 4 epidemics, tf all houses were equally
liable to infection throughout ; all epidemics calculated from

Table I.
No, OF HOUSES INFEOTED,
Village,
In one epl- | In any two | In any three| In all four
demic only, epidemics, epidemics, epidemics,
Dhund . . . 201 73 8 0-3
Kasel . . . 393 162 40 2
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Part VIL—THE IMPORTATION OF INFECTION FROM
AN INFECTED TO AN UNINFECTED LOCALITY.

A —~Conveyance of infection by rats.
B—Conveyance of infection by infected rat fleas.

- Having excluded all probable modes of spread .of infection
of plague other than the rat and the rat-flea, we are led to the
conclusion that the importation of the disease into an uninfected
locality must be attributable solely to the conveyance of the
infection ih the rat or in the rat.flea.

A ——CoONVEYANCE OF INFECTION BY RATS,

As regards this method of importation from place to place
we have already dealt with the subject of migration of rats in
general and have seen that all the evidence pointed to there being
no such thing as a general migration of rats even as a result of a
severe mortality amongst them. While this 1s so, it cannot be
denied that a plague-infected rat may be conveyed into an unin-
fected locality in merchandise, e.g. in hay, bales of cotton, grain,
etc. The Commission, however, obtained no direct evidence

on this péint.
_B.—CONVEYANCE OF INFECTION BY RAT-FLEAS,

Consideration of what has gone before will suffice to con-
vince the reader, that transportation of the plague bacillus in the
body of the rat-flea is not only conceivable, but under certain
circumstances a very likely contingency. Thus, it is conceivable -
-that~infected rat-fleas might be imported from an infected to an
uninfected locality by one or other of the following means :—
(1) On the host, namely, rats, carried in merchandise, ete.
{2) In merchandise, grain, etc., the host not being transferred
with the fleas.

(3) On the person or clothing of a man, who has been in
a plague-infected house, the man himself béing either
plague-stricken or healthy.

(4) In bundles of clothing, bedding, etc., removed from a

plague-infected house.

19 8.C. - F
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As there is no direct evidence bearing on the first two pos-
sibilities, nothing further need be said about them.

As regards the importation of infected rat-fleas by the direct
agency of man, on his person, amongst his clothing, etc., or by
bedding and such like articles cominy from a plague-infected house,
the following observations have a direct bearing—

(a) We have seen that rat-fleas will under certain circum-
stances come on to a man and in some instances will be attracted by
him, but not feed- on him for some time.

(b)) We have seen that rat-fleas fed on man may remain
alive for two or three weeks ; also, that infected rat-fleas if fod may
remain infective for 15 days. In this connection it is important to
remember that experiments have demonstrated that an animal,
€.9., & guinea-pig, may pick up fleas in a plague house and still not
contract plague, while a second animal to which the fleas are trans-
ferred may develop the disease.

(¢) Rat-fleas if starved may remain alive for several days.

(d) During the visits of the Commission to plague houses_in
Bombay the members and their assistants often carried away
fleas on their persons and clothing, soms of which proved to be rat
floas,

(¢) Experiments were made with bundles of bedding, cloth-
ing, etc., got from houses in Bombay in which plague cases had
occurred. Rat-fleas were taken on guinea-pigs brought in closo
contact with these articles; one of the guinea-pigs died of plague
with a bubo in the neck, and a rat-flea which was dissected had
abundant plague bacilli in its stomach contents,

In this connection it is to be remembered that a plague-infected
house may contain a very large number of infected rat-fleas.

(f) Histories of the probable importation of plague into an unin-
fected village in the Punjab by human agency are common.
Thus, in a district in the Punjab in which this question
was carefully investigated in 80 per cent. of the infected villages
thers was a clear history of probable importation by men eoming
from infected localities.

(9) Some observations made by the Commission in the outly-
ing villages of Bombay are worthy of reference in this connection—

(1) Inthe case of Sion Koliwada village, enquiries showed that
the origin, of the rat epizootic was probably due to the
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importation of infection from an infected quarter of
Bombay on the person of an old woman who herself
did not contract the disease.
(2) In Wadhala village the first plague-infected rat was found
" outside a house in which the coolies who worked for the
Commission lived. All these men worked amongst
plague-infected rats and fess at the laboratory and
two of them likewise assisted in the work in Sion,
which at that time was badly infected.

(3) An old woman contracted plague in s badly infected
house in Bombay City. When ill she returned to her
home in Worli village, which at that time was not
infected. Guinea-pigs placed in her house in Worli im.
mediately after her return yielded rat fleas and one of
the guinea-pigs died of plagus.

{4) A woman was brought when moribund from a badly infected
house in Bombay to a house in Parel village. She died a
few hours after her arrival.  Her friends at once removed
the body, but left behind a certain amount of clothing
and bedding. Next day two guinea-pigs were placed in
the room. They yielded rat-fleas and one of them died
of plague. There was no plague at this time in the
neighbourhood of the house.

We have already pointed out that an imported plague case
may seem to be the start of the epidemic in an uninfected locality.
The connection is now clear. The sufferer from plague imports on
his person, in clothing or in bedding, ete., infected rat-fleas from the
house where he was infected. These fleas at once take to thejr
natural host, the rat, and thus start the disease amongst these
rodents. As the mortality amongst the rate begins in the vicinity
of the house occupied by the imported case, the human cases will
aleo begin in that neighbourhood, It is of course apparent that
& healthy man may act in the same way as a plague case and may
bring infected fleas from an infected locality, and also that
bedding, clothing, ete., may do so.

In conclusion, then, we may state that all evidence points
to the usual method of the importation of plague from an in.
fected to an uninfected locality being by means of infected rat.
fleas and to the fleas being bronght in by human agency,

namely, by
bealthy men, by plague cases or in their belongings, :

¥ 2






85

Pagr VIIL—THE RECRUDESCENCE AND SEASONAL
PREVALENCE OF PLAGUE,

A.—The existence of the plague bacillus in nature during the non-
epidemic season,
1. 4 saprophytic existence of the bacillus in the soil,
2. The existence of the bacillus in man.
3. The existence of the the bacillus in the rat,
B.~-The factors which influence the rise and fall of the epidemie.
1. Temperature.
2. The number and susceptibility of the rats.
3. Variation in the number of fleas.

C.—Conclusion.

The most striking feature of plague epidemics is their seasonal
prevalence. In places where plague has once become established
the epidemic period, lasting a8 & rule about three months, tends to
recur always at the same season of the year. Now, we have
already seen that, as far as epidemics are concerned, plague depends
solely upon the transmission of the bacillus from rat to rat and
from rat to man in both cases by the rat-flea. In the light of this
well-established fact we must seek for an explanation of the phe-
nomena of recrudescence and seasonal prevalence. A little con-
sideration will show that two distinet and separate problems
are involved, namely:—(A) how the plague bacillus conti-
nues to exist in nature during the non-epidemic season, and
(B) the factors which govern the rise and fall of the

epidemic.

A.—THE XXISTENCE OF THE PLAGUE BACILLUS IN NATURE
DURING THE NON-EPIDEMIC 8EASON,

With reference to this problem we have to consider three pos-
sibilities, namely—
(1) A saprophytic existence of the bacillus in the soil,
(2) The existence of the bacillus in man.
(3) The existence of the bacillus in the rat.

1. 4 saprophytic existence of the bacillus in the sorl.

We have already seen that the work of the Commission defi-
nitely shows that the plague bacillus does not survive in soil or on
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floors for any length of time. It was found that the longest period
that floors remained infective after gross contamination was 24
hours,

In short, all experimental evidence, which need not be again
detailed, proves that there can be no question of a continued exis-
tence of the bacillus in the soil.

All the epidemiological facts accumulated by the Commission
point to there being no such thing as soil infection.

2. The existence of the bacillus in man.

We have already pointed out that human plague is dependent
upon plague in the rat, and that the only way man becomes in-
fected is by the bacilli being conveyed to him from the rat by the
rat-flea. There is no evidence that infection is ever carried from man
to rat, although the possibility of this oceurring cannot be denied.
Cases of human plague which oceur in the ofi-season must, therefore,
be dependent upon acute plague in rats. This correlation was
shown to be present in Bombay City during the off-plague season.

. Again, there is no evidence that man harbours the bacilli after
he has recovered from the disease or while he is not a sufferer.
All the evidence, in fact, is against such & contingency.

_These considerations, therefore, would negative the v{ew, that
mati was in any way responsible for the bridging over of plague
epidemics, : :

3. The existence of the bacillus in the rat.

In Bombay City it was found that the period between the
epidemics was bridged over by cases of acute plague amongst the
rats, accompanied by & few cases in man. There was never a
week in which acute rat plague was not present.

In the case of the two Punjab villages no rats were found in the
non-epidemic season suffering from acute plague nor did any
human plague cases occur. While this is so, a considerable number
of rats were caught alive, which, although apparently in good
health, harboured living and virulent plague bacilli in chronic
abscesses. It is to be carefully noted that these chronic plague-
rats, ingsmuch as the bacilli are shut up in abcesses, where floas
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cannot possibly get at them, are per se of no importance in spread.
ing the infection., After a careful study of this condition the
Commission came to the opinion that there was no reason for
believing that chronic plague in the rats; as it occurs in the Punjab
villages, possesses any significance in the seasonal recurrence
amongst the rats of the infection in an acute form,

While this is so, in the off-plague season in the Punjab there
are always plague cases occurring every week in some distriet or
other. In the year 1905 the smallest numberwas 129 in one
month, namely, September. °*It is certain also that the
number of these cases is greater and their distribution more
widespread than comes to the knowledge of the officials. Now, we
have already come to the conclusion that, if human plague cases
are oceurring, acute plague amongst the rats must also be present.
It is also probable that acute rat plague might be present and still *
no plague cases appear among human beings. That acute rat-
plague does not exist in all the villages in the off-season is shown
from the observations in Dhund and Kasel. That it does exist in
some villages, that it is widespread over the Province and that
the districts where it is present vary in different off-seasons, are
facts graphically shown by a series of weekly maps depicting
the distribution of human plague cases in the Punjab from July
to October (the non-epidemic seagon) in various years,

We can conclude, therefore, that the plague bacillus exists
during the non-epidemic season in the rat, giving rise to acute
rat-plague and being cdrried from rat to rat by the rat.flea,
the epizootic, meanwhile, being kept in check by the factors which
we are now about to consider. This conclusion holds good both for
large citiessuch as Bombay and for provinces such as the Punjab.

We may now consider the second problem namely—

B,—THE FACTORS WHICH INFLUENCE THE RISE AND FALL OF THE
EPIDEMIC.

Granted the presence of acute rat-plagne during the non-
epidemic season and the dependence of human plague on rat
plague, it is evident that we have now to enquire into the factors
which influence the rise of the disease among rats and its fall after it
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has reached a climax. If we can find an adequate explanation of
these phenomena, it is clear that in the case of a city like Bombay
we shall have answered satisfactorily the questions we set ourselves,
but that in the case of a province like the Punjab, where the
villages are scattered and where acute rat plague is present during
the off-season in only a comparatively small number of them,
simultaneously, we shall require in addition to explain the diffusion
2f the infection during the rise of the epizootic from the foci where
icute rat plague exists at the beginning of the epidemic season.

Let us then consider the factors awhich influence the rise and fall
of the epizootic, when the disease is present amongst the rats.
These factors have been shown to be as follows.

1. Temperature.

(2) A high mean temperature, i.c.; 85°F. and over, affects the
fate of the plague bacillus in the stomach of the flea. At this
temperature fewer successful transmissions from animal to animal
are obtained and, besides, the flea does not retain its power of
infecting nearly so long as it does at a lower temperature, d.e.,
70°F. At the higher temperature the plague bacilli disappear from
the stomach much more quickly than at the lower temperature,

(b) While a mean teruperature, high in comparison with
70°F., has no effect on the number of plague infected rats
which contain bacilli in the blood at death, at a low mean
temperature, such as 50°F., the number of infected rats that
die before bacilli appear in the blood is much greater than at
the higher temperature, z.e., T0°F.

(¢) Temperature may have an influence on the prevalence of
fleas in nature, It has been shown that a bhigh temperature
affects the breeding of fleas to a considerable extent. It appears
not only to restrain the adult from depositing eggs, but also to
deter the development of the eggs into larvae.

(d) Finally, from a study of the climatic conditions and
epidemic plague in six places in India it appears that plague
cannot exist in epidemic form in any place when the daily mean
temperature is high, 7.e., 85°F. and over. In some places the rise
of the mean temperature to this degree and the fall of the
epidemic coincide, while in other places, .9., Belgaum and Poona,
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the epidemic subsides when the mean temperature is most suitable,
namely, about 70°F. Another factor or factors must, in these
instances, be in operation in causing the decline of the epidemic.

In the Punjab during the winter months a low mean temperature,
such as 50°F., inasmuch as it diminishes the number of infected rats
which contain plague bacilli in their blood at death, may be a
factor in limiting plague outbreaks.

We find, therefore, that the epidemiological facts are in
harmony with the experimental data, as far as temperature is
concerned,

2. The number and susceptibility of rals.

There is evidence to show, that a plague epizootic diminishes for
the time being the total rat population of a place. There is also
evidence to show, that the effect of a plague epizootic is to increase
the proportion of immune to susceptible rats. It is evident that
these two factors would have an influence in limiting and in bring-
ing to an end plague amongst the rats.

Again, it was found both in Bombay and in the Punjab that
breeding of rats goes on all the year round, but that it is especially
vigorous during the season between the end of one epizootic and
the beginning of the next. During this interval there would, there-
. fore, be added to the rat population a large number of young
susceptible individuals, a factor which would evidently influence
the rise of the epizootic.

3. Variation in the number of fleas.

It is not only @ prior: certain, but it has also been experimentally
proved by the Commission, that the rate of progress of a plague
epizootic is in direct proportion to the number of fleas present.
The questions, therefore, to be answered are ; (a) Is there in nature
a seasonal variation in the number of rat-fleas ? and (b) if so, does
it correspond to the rise and fall of the plague epidemic ?

The Commssion have obtained answers tothese questions
In Bombay and in the Punjab it was found that there is a
very definite seasonal prevalence of rat-fleas. And it was further
found that the plague epidemic season corresponds with the
greatest prevalence of these fleas, while in the months when plague

v
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is at its minimum the fleas are fewest in number. No direct
svidence ‘was obtained to show what factors are concerned in -this

variation in the flea prevalence, except the few temperature experi-
ments already mentioned.

Other factors which might possibly influence the seasonal
prevalence of plague have been considered, but no evidence could
be obtained that they came at all into play. These factors were;
(@) other climatic conditions, such as rainfall and humidity ;
() variation in the virulence of the plague bacillus ; (¢) influence
of climatic conditions on the life history and habits of the rat or on
the life history and habits of the flea or on the habits of man.

We may in conclusion of this part of our subject sum up as
follows :— '

The rise of a plagne epizootic depends upon ;

(@) a suitable mean temperature, something below 85° F.;
{b) a sufficient number of susceptible rats; and (c) a
sufficient number of rat-fleas,

The fall of a plague epizootic is determined by some one or all
of the following factors:—

(@) a high mean temperature, 85° F. and above; (b) a dimi-
nution in the total number of rats and an increase in

the proportion of immune to susceptible animals; and
(¢) a diminution in the number of rat-fleas.

C.—CoONCLUSION.

As we have throughout insisted on the fact that the epidemio
is wholly dependent upon the rat epizootic, it is now evident that
otir conception of the seasonal prevalence of human plague in a
city such as Bombay is complete.

In the case of a large Province with scattered towns and villages,
in only a few of which the disease persists simualtneously in the off-
season as acute rat plague, we have still to explain the outward diffu-
sion from these centres during the rise of the epidemic. Granted that
the factors, which, as we have seen, govern the seasonal prevalencs
of the disease, are favourable, we have only to seek for some easy
and ready method of importation of the infection from village to
village, in order to arrive at an explanation of this diffusion. We
have already considered this question of importation and have



91

come to a very definite conclusion on the subject, which need not
now be repeated. The conception that importation from village
to village—villages which had been infected in previous epidemics
and villages which had never been infected before—is the determin-
ing factor, in addition to the factors already considered, in the rise
of the epidemic in a province such as the Punjab receives further
support from the following considerations :—

(1) First, importation is the only way in which a village first
becomes infected, If a village becomes infected in
this way to begin with, why not a second and a third
time ?

(2) Secondly, the work of the Commission shows definitely
that importation is not only possible but extremely
probable. It shows that it is the only possible way
by means of which the villages in the neighbourhood
of Bombay become infected year after year.

(3) Thirdly, a careful study of a Punjab district has shown
that a history of possible importation could be obtained
in 80 per cent. of the villages which became infected.

The question of how importation is brought about has already
‘been considered and need not now be entered into, except to
remind the reader of the conclusion that it is dependent solely
upon the conveyance in different ways of infected rat-fleas from
place to place.

Our conception of the causesof the recrudescence and of the
seasonal prevalence cf plague in a large area like the Punjab may,
therefore, be stated as follows : The non-epidemic season is bridged
over by acute rat plague accompanied by afew human plague cases
in the towns and villages, the disease being kept in check by one
or other of the factors which, as we have already shown, act in
this manner. When the conditions which are suitable for the rise
of the epizootic become established, the disease rapidly increasesin
the places where at that time it was present as acute rat pligue
and then spreads outwards from these foci by the conveyance of
infected rat-fleas from village to village, these fleas being the
starting point of the rat epizootic in the uninfected villages. The
decline of the epidemic is determined by one or more of the
three factors we have already mentioned,
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Part IX.—GENERAL CONCLUSIONS.

. Pneumonic plague is highly contagious. It is, however,

rare (less than 3 per cent. of all cases) and plays a
very small part in the general spread of the disease.

Bubonic plague in man is entirely dependent on the
disease in the rat,

. The infection is conveyed from rat to rat and from rat to

man solely by means of the rat-flea.

. A case of bubonic plague in man is not in itself

infectious.

. A large majority of plague cases ocour singly in houses.
When more than ‘one case ‘cccurs in a house, the
attacks are generally nearly simultaneous.

. Plague is usually conveyed from place to place by imported

rat-fleas, which are carrled by people on their

persons or in their baggage. The human agent not in-
frequently himself escapes infection.

. Insanitary conditions have no relation to the occurrence

of plague, except in so far as they favour infestation
by rats.

. The non-epidemic season is bridged over by acute plague

in the rat, accompanied by a few cases amongst
human beings.












THE ETIOLOGY AND EPIDEMIOLOGY OF PLAGUE.



THE ETIOLOGY AND
EPIDEMIOLOGY OF
PLAGUE

A SUMMARY OF THE WORK
OF

THE PLAGUE COMMISSION.

ISSUED UNDER THE AUTHORITY OF THE
GOVERNMENT OF INDIA BY THE SANITARY COMMISSIONER
WITH THE GOVERNMENT OF INDIA, SIMLA,

CALCUTTA:
SUPERINTENDENT OF GOVERNMENT PRINTING, INDIA
1908.



Agenis for the Sale of Books published by the Superintendent, Govern-
ment. Printing, India, Coleutla. A

IN ENGLAND.

E. A. Arvoup, 41 & 43, Maddox
Street, Bond Street, London, W.

ConstasLe & Co., 10, Orange Street,
Leicester Square, W. C.

P. B. Kma & Sow, 2 & 4, Great
Smith Street, Westminster, London,
8. W.

Kugaxy Paur TreNoH, TROBNER &

Co., 43, Cerrard Street, Soho,
London, W.
BeErNARD Quarrrom, 11, Grafton

Street, Newhond Street, W.

H, 8. Kivg & Co., 65, Comnbill, & 9,
Pall Mall, London.

GriNpLaY & Co., 64, Parliament
Street, London, 8. W.

B. H. BLACEWELL, 50 & 51,
Street, Oxford.

DrleuToN BELL & Co., Cambridge.

T. Fisugr UNWIN, 1, Adelphi Terrace,
London, W. C.

W. ToaokER & Co., 2, Creed Tane,
London. '

Broad

ON THE CONTINENT.

R. FrIEDLANDER & Ro=nN, 11, Carl-
stragse, Berlin, N. W.

Orro HarrasgowITZ, Leipzig.

Karr W. HIERSEMANN, Leipzig.

ErxEsT LEROUX, 28, Rue Bonaparte,
Paria. .

Marrinvs NiseorF, The Hague,
Holland.

Rupors Haver, Halle, a. 8., Germany.
In INDIA.

THACKER, SPINE & Co., Caloutta and
Simla.

NewMmaN & Co., Calcutta.

8, K. Lammer & Co., Caleutta.

R. CAMBRAY & Co., Calcutta,

Higemweormam & Co., Madras.

V. Kavyananama IvEr & Co., Mad-
Tas.

(. A. NaTEsAN & Co., Madras.

8. MortEY & Co., Madras.

TroMPsoN & Co., Madras.

Temrry & Co., Madras.

ComBripge & Co., Madras,

Taacker & Co., L., Bombay.

A, J. Cowsrper & Co., Bombay.

D.' B. TariroREVALA, Sons & Co.,
Bombay.

RapAABAT ATMARAM Sagooxn, Bom-
bay.

YuNpER PANDURANG, Bombay,

N. B. MATHUR, Superintendent, Naz-
air Konun Hind Press, Allahabad.

Rar Sapts M. Guias Sivam & Sons,
Mufid-i-Am  Press, Lahore.

SUPERINTENDENT, AMERICAN Bar-
qisr Missrox Press, Rangoon.

P. R. Rams Ivme & Co., Madras,

A. R. Pirar & Co., Trivandrum,

GoraL Narvay & Co., Bombay.

A. Cmaxp & Co., Lahore, Punjab,

A. M. & J. Ferousow, Ceylon.




CALCUTTA
GOVERNMENT OF INDIA CENTRAL PRINTING OFFIOR,

8, HASTINGS STBEET,



PREFACE.

IN the early days of plague in India most strenuous

éfforts were made to stamp it out by the means adopted
in European countries in dealing with epidemic disease,
but these efforts failed and they too often led directly to
the misfortunes which they were designed to avert. When
it was recognized that it was impossible to deal effectively
with the epidemic without the help of the people them-
selves, a policy of persuasion and assistance was substituted
for the more rigorous measures, but this also failed to
prevent the éxtension of the disease, although in many
places some degree of success was achieved.

Considerable progress had been made in the study of
the epidemiology of plague and valuable work had
been done in laboratories in India and elsewhere, but
there remained serious gaps in our knowledge which it was
necessary to fill in order to give greater precision to the
measures of prevention which it was possible to adopt.
In the autumn of 1904 the Government of India there-
fore addressed the Right Hon’ble the Secretary of State -
for India with a view to undertaking a more complete
enquiry into the etiology of the disease than had hitherto
been attempted. As a result of this representation the
Secretary of State replied that, on the recommendation
of the Royal Society and the Lister Institute, he pro-
posed to form a committee representing these bodies
and the India Office and to grant to them £5,000 renew-
able annually for the purposes of the investigation, which

19 B.C. *
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it was proposed should be undertaken under the direc-
tion of the committee by two experts chosen and paid
by them and two skilled bacteriologists belonging to the
Indian Medical Service. These proposals were accepted
by the Government of India, and an Adv1sory Com-
mittee was appointed consisting of the following
members :—

Burgeon-Gleneral Branfoot, C.IE., LM.S, India Office;
: . President.

Sir Michael Foster, K.C.B.,of.R.8. . ** Y Roval Societ

Professor J. Rose Bradford, M.D., F.R.S, .. } oyal Bociety

Colonel David Bruce, C.B., R.AM.C., FR.S8. § Lister Insti-

Dr. C. J. Martin, F.R.S. i, tute.

(On the death of Sir Michael Foster in January 1907
his place on the Committee was filled by the appointment
of Dr. G, H. Nuttall, F.R.8.)

The Committee decided that-Dr. Martin should visit
India to confer with the authorities there regarding
procedure and to initiate the work.

Dr. Martin arrivedin Bombay early in April 1905, and
was followed in May by Drs. Petrie and Rowland, the
experts chosen by the Committee. After visiting Kasauli
Dr. Martin decided to commence work at Parel, near
Bombay, where the Plague Research Laboratory offered
special facilities,

In May the Government of India placed Captain
Liston’s services at the disposal of the Committee.
Dr. Martin, having resolved to remain in Bombay during
the summer, dispensed with the services of the second
officer of the Indian Medical Service during his stay.
Shortly before his departure on the 14th October 1905,
the services of Major Lamb were placed at the disposal
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of the Committee. Before his departure Dr. Martin
represented the desirability of further assistance being
given, and Captain Gloster, I.M.S., was deputed to work in
the Punjab under the orders of the Committee. When
Dr. Martin left India he handed over the direction of the
working Commission to Major Lamb as Senior Member,
when the Commission consisted of the following members :—

Major George Lamb, M.D., ILLM.8,, Director of the Pasteur
Institute of India, Kasauli ; Senior Member,

Captain William Glen Liston, M.D., I.M.8,, Plague Research
Laboratory, Parel.

Captain Thomas Henry Gloster, M.B., B.Ch., LM.S.

George Ford Petrie, M.D., Assistant Bacteriologist, Lister
Institute.

Sydney Rowland, M.A,, M.R.CS.,, LR.C.P,, Assistant

. Bacteriologist, Lister Institute.

M. Kesava Pai, M.B., C.M,, Assistant Surgeon, Assistant to
the Director, Pasteur Institute, Coonoor; lent by the
Government of Madras.

V. L. Manker, L.R.C.P., LR.CS.,, D.P.H.

P. 8. Ramchandrier, Hospital Assistant, Mysore; lent by
the Government of Myasore.

C. R. Avari, Hospital Assistant, Plague Research abora-
tory ; lent by the Government of Bombay

The Commisgion thus .constituted continued to work
until May 1907, when it was considered that satisfactory
replies to the questions which had been placed before
them had been found, and the Commission was temporarily
dissolved. |

The head-quarters of the Commission remained at the
Plague Research Laboratory, Parel, the Director of which,
Lieutenant-Colonel Bannerman, ILM.S., placed every
resource of his laboratory ireely at their disposal.
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Tt ‘was arranged that reports of the work done by the
Commission should be published by the Advisory Commit-
tee in the Journal of Hygiene, of which two numbers con-
taining reports have already been published. It seemed to
the Government of India, however, necessary that an
account of the work done by the Commission should be
submitted in a simple form to the public as soon as possible,
and the following summary has been compiled for that
purpose. It is intended that the facts ascertained shall
be used by administrators in framing- measures for the
prevention of plague, and it is hoped that the knowledge
of the facts will help the people to understand the reasong
for those measures.

The summary has been compiled by Major George
Lamb, ILM.S., who is alone responsible for the form in
which the observations are set forth and for the way in
which they are interpreted. L

J.T. W, L.

SiMrLa,
The 27th October 1907.
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THE

ETIOLOGY AND EPIDEMIOLOGY OF PLAGUE:
A SUMMARY OF THE WORK OF THE PLAGUE COMMISSION.

Part I.—INTRODUCTION.,

The first duty of the Commission was by study of the liter.
ature and by careful enquiry from workers in India to ascertain
the main conclusions which had been already formed rega.rdmg
the epidemiology of plague. In the first progress report to the
Advisory Committee these conclusions were set forth and may
be briefly summarised as follows :—

(1) Plague, with the exception of .the pneumonic form,
which, however, is uncommon (2'5 per cent. of all
cases), is not particularly infectious or contagious and
man to man infection plays no important part in the
spread of epidemics in India. The disease may, how-
ever, be introduced into a new locality and so ultimately
occagion a new outbreak by the agency of man,
For this to oceur it is not necessary that the human
agent himself should be suffering from the disease.

(2) Definite localities, huts, rooms or houses, in which
plague has occurred amongst rats or man, are during
an epidemic highly infectious. Further, the infection
seems to cling to these localities for a long time.

(3) While plague can exist and spread under a great range
of climatic conditions, it exhibits a marked seasonal
prevalence, which is the most striking feature of the
epidemiology of the disease.

(4) In the great majority of instances plague in man is
associated with an epizootic among rats: and
there seemed to be the strongest reasons for regarding
the epizootic amongst rats as by far the most import-

‘ant cause of the epidemic spread of the disease.

It is necéssary to state that, although the work of the
present Commission has demonstrated the part played by the
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rat and the rat-flea in the épread of plague, this demonstration did
not surprise plague workers in India. On the contrary, the obser-
vations, both epidemiological and experimental, which had been
made in Indis pointed to this conclusion. Lieutenant-Colonel
W. B. Bannerman, LM.S., has put on record the state of know-
ledge as regards the spread of plague prioy to the commencement of
work by the Commission in a paper published in the Journal of
Hygiene of April 1906. This paper is a digest of “ many very
valuable reports made by officers of the Indian Medical Service
who have dealt personally with plague epidemics, which reports
existing in the archives of the various local Governments are not
available for reference by the public.” Colonel Bannerman
shows that the trend of opinion amongst workers in India was,
that plague is disseminated through rats and that its spread to
man is occasioned by the agency of fleas. In this connection
Captain W. Glen Liston, LM.S.  (Indian Medical Gazelle,
_February 1905) had shown that the common rat.flea in India
was Pulex cheopis and that this flea would bite man. In fact
he had taken many specimens of this flea on human beings in a
plague-infected house. He had also used guineapigs as traps
for P. cheopis in plague-infected houses and had on several
occasions observed that thess animals became infected with
plague when exposed in this way. He had made the further
observation that numerous plague bacilli were to be found
in the stomach contents of rat-fleas taken on guineapigs in
plague-infected houses. Finally, so convinced were Colonel
Bannerman and Captain Liston of the truth of the flea transmission
theory that they had designed and built at the Plague Research
Laboratory, Parel, special godowns or cabing, in which it was
proposed to carry out large series of experiments to prove this
theory. These godowns had just been completed when the
Plague Commission began work and, as we shall see, the experi-
ments which were made in them by the Commission went far
to prove that the rat-flea is the only agent of fransmission of
plague infection from animal to animal.

Tt is not then too much to say that the work of the
QCommission has been a cope-stone to careful and tedious inves-
tigations already carried out in India—and of course elsowhere—
rather than an original building, and that to the preliminary work
and to the ready and whole-hearted assistance which the Commis-
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sion received in India from all concerned the success of their
labours is largely due.

The work of the Commission consisted of both epidemiological
observations and experimental investigations. The epidemiological
observations were made in the City of Bombay itself, in four
villages in the north of the Island of Bombay within easy
distance of the Parel Laboratory and in two isolated villages in
the Amritsar district of the Punjab. The experimental work was
carried out at the head-quarters of the Commission, namely,
the Plague Research Laboratory, Parel, Bombay.






Parr IL—EPIDEMIOLOGICAL OBSERVATIONS ON
PLAGUE IN THE RAT AND IN MAN AND ON THE
RELATION BETWEEN THE EPIZOOTIC AND THE
EPIDEMIC.

A.—Methods of investigation which were adopted,
B.—Qbservations on the rat population.
C.—Observations on plague in the rat—the epizootic.
D.—Observations on plague in man—ihe epidemic,
E.—Relation of the epizootic to the epidemsc :—

1. Relation in time :—

2. Relation in place,

8. Relation in quanisty

A —METHODS OF INVESTIGATION WHICH WERE ADOPTED,

The methods which were adopted for studying the disease
in rats and in man were practically the same in the various
places where the observations were made ; they differed only in
the agencies which were unsed.

In the first place, an endeavour was made to obtain daily as -
many rats, alive and dead, as possible and to examine these in as
full detail as possible.

In Bombay City the collection of the rats was in the hands
of the staff of the Sanitary and Cleansing Department of the Muni-
cipality, which is under the direction of the Health Officer, With
this department arrangements were made for a daily supply of
several hundred rats (alive and dead) from &ll over the City.

In the four villages around Bombay and in the two Punjab
villages the collection of rats was in the hands of the Commission
staff, assistance being obtained from the village officials.

Every evening many traps were set in various situations and
were collected every morning, To evey trap was attached a label
giving the exact locality where it had been set, e.g., street, house,
ground-floor, first-floor, ete., godown, stable, gully. In this
way it was possible to allocate each trap containing rats to a par-
ticular part of a building. In the case of rats picked up dead a
ticket was attached to each rat indicating the exact place where it
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had been found., While it cannot be denied that by these
methods, which were the best available, only a percentage of the
dead rats were obtained, it is certain that this percentage was &
fairly large one and was a good sample.

In Bombay all the rats were examined at the Parel Laboratory
in the Punjab villages a small laboratory for the purpose was
fitted up in a bungalow adjoining both villages. Elaborate arrange-
ments were made for this examination, so that in Bombay
it was easily possible to deal with from 1,000 to 2,000 rats daily.

A flea census of the live rats was first made, the rats being
chloroformed to death for this purpose. They were then dealt
with in the same way as the rats brought to the laboratory dead.

A record of all rats was kept stating their weight, species and
sex ; if female, whether pregnant or not ; and if pregnant, the num-
ber of young present. Further, all rats were examined to ascertain
whether they were plague infected or not, the diagnosis of such
infection ultimately resting in the hands of one of the members
of the Commission. A careful post-mortem examination of all
plague-infected rats was made and the results deseribed on a form
gpecially drawn up for the purpose. In Bombay this detailed
examination was stopped after about 5,000 post-mortem records
had been obtained, but in the Punjab it was continued throughout
the observations, As the accuracy of the statistics depends on
the accuracy of the diagnosis of plague in the rats, particular

attention was paid to this point. Reference will be made to diagnosis
later on.

In the second place, as complete an investigation as possible
was made of every plague case which came to light.

In Bombay City the Commission relied for this infor.
mation on the staff of the Health Department. For purposes
of administration Bombay is divided by this department into ten
districts and each district into two or more sections. In charge
of each district there is a qualified Health Officer, the Registrar,
who has under him & staff of sub-registrars, inspectors and menials.
All the senior officers have an unusually wide experience of plague
on its clinical side and besides have a particularly thoréugh and
extensive knowledge of their districts, This superior staff was
trained by the Commission to fill up special plague case cards,



7

which contained all the necessary information. In addition to
the cards outline maps of each section were distributed to the
geveral offices and each plague case with the date of report was
dotted on the map. The whole organisation was supervised on
the Commission’s behalf by two selected medical officers of the
Health Department and was daily supenntended by members
of the Commission.

In the villages, both in Bombay and in the Punjab, a complete
census was made, full particulars for each house being recorded
on special census cards. These particulars included name, age,
sex, caste and occupation of every inhabitant. In the Punjab
villages with a view to ascertaining how far plague tends to
recur in partlcular houses, full particulars of the prevous inci-
dence of plague in each house were noted on the cards. Every
plague case, and in fact every case of illness, was visited by a mem-
ber of the Commission.  The same system of detailing the infor-
mation on cards and of spot maps was used asin Bombay.
Further, in order to gain the confidence of the villagers and thus
obtain early information and avoid concealment of cases a
free dispensary was opened in each village and placed in charge
of a competent medical man. At first an endeavour was made
to confirm the diagnosis by means of a bacteriological examina-
tion. .t was soon recognised, however, that any attempt to
obtain material for examination as a routine measure would
dafeat its own object by leading to concealment of cases. The
procedure was therefore abandoned and the diagnosis based on
clinical features, which are usually sufficiently typical.

In the third place, the relation of the rat epizootic to the
epidemic was investigated. .

As regards time and quantity the relation was easily ascertained
from an analysis of the daily returns of plague-infected rats and of
plague cases.

As.regards place relationship, we have already seen that ‘ite
information concerning each plague case was recorded on a special
card and that each case with its date was dotted on a map. The
plague-infected rats were treated in practlcally the same way.
Special plague-rat cards were prepared, which in the case of $he
villages were filled up by & member of the Commission, who ai the
game time indicated on the map the place where the rat was found.
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In Bombay a list of the rats found plague infected was sent each
-evening from the laboratory to the collecting agency and to the
district registrar’s office. ~Accompanying this list were sent
the corresponding plague-rat cards to be filled up. The locality,
where each rat had been found, was marked on the nearest wall by
the collecting agency, while the cards were filled up and the locality
and date dotted on the map by the senior officials of the district
registrar’s office. The cards were then returned te the laboratory.

B.—OBSERVATIONS ON THE RAT POPULATION.

In the City of Bombay five species of rodents were found,
namely, Mus rattus (the black rat), Mus decumanus (the grey rat),
Mus musculus (the mouse), Nesokia bengalensis and Nesokia bandi-
cota (the bandicoot), It is unnecessary here to enter into the minute
differentiation of these species. It was found always possible
to distinguish rats of the type of M. ratlus from rats of
the type of M. decumanus, but no distinction could be made
between the large number of varieties of M, rattus, which have
been described. Briefly, it may be said that from- a practical
point of view the important points which ought to be taken into
account in differentiating between M. raitus and M. decumanus
are the character of the tail and the relative size of the ears, These
features, together with the shape of the head and the general colour
of the fur, serve to distinguish Nesokia bengalensis from M.
decumanus. The tail in' M, rattus is always longer than the body
and head together, it is dark in colour and has well marked rings,
The ears in this species are larger in proportion to the size of the
rat than in" M. decumanus ; in the latter the tail is shorter than the
body and head together and the ventral aspect is lighter coloured
than the dorsal aspect. In Nesokia bengalensis the tail is shorter .
than the head and body together, but in appearance resembles
that of M. rattus, d.e., the rings are well marked. Further, the
hairs on the tail are shorter and less numerous in N. bengalensis
than in M. decumanus and there is no brush of hairs pro-
jecting beyond the tip of the tail, as there is in this latter species.
The head of N. bengalensis, looked at from above, is broader and
shorter than that of M. decumonus and the ears are somewhat
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larger in proportion to the size of the animal. The dolour
of the fur of N, bengalensis is uniformly darker than in M.
decumanus ; it is also coarser and with well-marked spines on the
back. There is no difficulty in distinguishing M. musculus (the
mouse) and the ordinary bandicoot (Nesokia bandicola) from the
-other species.

Mus rattus and Mus decumanus are by far and away the
commonest rodents in Bombay. N. bengalensis is comparatively
rare, making up only about 1 per cent. of the total. The mouse
appears not to be a common animal in Bombay. '

Mus rattus, which is found in large numbers in every part of
Bombay City, is essentially a house rat; it may almost be called
a domesticated animal, living and breeding as it does in the houses
where the people live. While it-is typically a climbing rat, it is
also able to burrew, e.g., in earthen floors and walls. Its nests
ure as a rule to be found in little-disturbed accumulations of
material, such as stacks of firewood, cotton-waste, etc., and in
recesses, such as cupboards.

There is no doubt that the rat infestation of houses in Bombay
is very great. There is, however, a definite relation between the
rat infestation of the building and the character of the building,
she features which especially favour rat infestation being earthen
floors and country tiled roofs, a state of disrepair, accumulations
«of rubbish and food, such as stores of grain, ete.

Tt was found that, while M. rattus breeds all the year round
in Bombay, breeding was most vigorous during the months June
to October, so that the hottest months of the year represent
the breeding season. The mean number of young per rat was
found to be 52, while the largest number noted in a single rat
was 9.

Mus decusnanus, which is numerous in every quarter of Bombay -
and especially numerous in the native town, lives for the
most part outside houses, in sewers, storm water drains,
stables, etc. While it is a burrowing animal with remarkable
power of gnawing through hard materials, e.g., brick and
concrete, it is also a good climber. Its nest is to be found inone
of the burrows which it makes, The breeding season corres-
ponds clogely with that of M, ratius, except that there is apparently
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a second breeding season in March. This species, however, like
M. rattus, breeds all the year round, The average number of young'
per pregnant female is 8'1, the largest number found in & single rat:
being 14.

As regards the relative numbers and haunts of Mus rattus and
Mus decumanus, the {following statements are founded on the
trapping of nearly 12,000 rats of these two species in the native:
city.

M. rattus is apparently much more common in Bombay
than M. decumanus, as, taking all traps set, seven of the former
species to every three of the latter were caught. They are found
in this proportion on ground floors of houses, but M. raftus in-
creases relatively to M. decumanus a s one ascends the building. M.
decumanus has never been found above the third floor, so that on the
fourth floor and upwards M. ratfus is alone present. In gullies,
compounds of houses, stables, godowns and food and tea
shops the number of M. decumanus relatively increases, so much
g0 in the case of compounds, that in traps set in them twice as many
of this species as of M. 7raftus were taken, Further, it "is evident
that these two species of rats are closely associated with each other—
gullies, the lower floors of the houses and godowns appearing to
be their common meeting ground.

The Commission have observed nothing to show that the rats
of Bombay, even during the epizootic season, are in the habit of
migrating from one quarter of the city to another. There
may be desertion of infected buildings, but there is certainly no
general migration.

Finally, it is necessary to emphasise two important facts con-
cerning the rats of Bombay which, as we shall see, have a great
significance in relation to plague. The first fact is the widespread
* distribution of M. rattus in buildings in the city. - The Commis-
sion do not think it an exaggeration to state that every inhabited
building in Bombay City and Island, not excepting even the better
class bungalows, shelters its colony of M. rattus. The second
important fact is that to a certain extent M. decumanus, 88 we have
seen, is a house rat and even forms extensive burrows in the floors
and walls of buildings,
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As regards the other rodents in Bombay little need be said
a8 they do not influence the plague epidemic.

Nesokia bengalensis is not common as it appears to be in
Caleutta. It was taken in those sections of Bombay city where there
are fairly large areas of waste ground and was trapped in the
ground-floors of houses, in gullies, in stables and in godowns

The bandicoot is now an extremely rare animal in Bombay.

It was caught only in the open country and palm groves in the
northern part of the Island.

Mice were taken on all the floors of buildings, in stables and in
godowns,

In none of the villages in the neighbourhood of Bombay,
with the exception of Parel, was M. decumanus obtained during
the year they were under observation. A few of this ‘species
were taken in Parel, a village, in which the buildings are very
similar to those of Bombay and where there are a certain number
of sewers and storm water drais.

A few specimens of Nesokia bengalensis were taken in these
villages.

M. rattus was found to be very common in the villages, ~Its
habits and haunts were the same as in Bombay, In two of
the villages, namely, Parel and Worli a very thorough and
systematic examination of the rat infestation was made
during the period they were under observation. This was
done by setting daily a number of traps in the different . houses
and recording the number of rats caught in each trap. The traps

were sent in the houses in rotation according to the census num-
bering,

In Parel 2,195 M. raftus, a number equal to two-thirds of the
human population, were captured during the year. This number
gives an average of 15 rats per building. From one building,
which was divided into 16 tenements and sheltered 70 inhabitants,
a8 many as 393 rats were taken. At the beginning of the- opera-
tions 65 rats per 100 traps set were captured, while at the end of the
year this number had been reduced to 34 rats per 100 traps set—
not a very great reduction. We can conclude, then, that the rat
infestation of Patel is very considerable, and that, despite the capture
and removal from the village during the year’s operations of a
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large number of rats, équivalent to two-thirds of the human popu-
lation, the number at the end of the year was apparently not very
greatly diminished.

Very similar observations were made in Worli. This is an
_isolated village on the west coast of the Island and is chiefly inha-
bited by fisher folk. The buildings are huts constructed of rough
stones. The roofs of the huts are generally covered with palm
leaves and offer excellent shelter for M, ratfus. During the
year’s operations 2,603 rats of this species were taken in the village,
a number larger than the human population (2,508). At the
beginning of the trapping as many as 70 rats per 100 traps were
caught, while at the end of the year this number had been reduced,
only 17 rats per 100 traps set being taken. There is no doubt that
the rat population had been considerably diminished. The inhabi-
tants themselves recognised this fact and five months after
the operations had been stopped begged that the routine setting
of traps might be continued, as the rats had again become a
nuisance.

It would appear, then, that the fecundity of M. raftus is so great
that nothing but extensive and persistent efforts to destroy it
can materially reduce its numbers in any village. The same con-
clusion was arrived at as the result of the observations in the Punjab,
which we shall now consider.

From November 1905 to December 1906 continuous observations
on the rat population were carried out in the Punjab villages of
Dhund and Kasel. Four species of rats were found, namely, M.
ratius, M. decumanus, Nesokia bengalensis and Gerbillus indicus
{(the Indian field rat).

. Only five mice were taken. This small number may be due
to the traps being unsuitable for catching them. Twenty-
five N. bengalensis were captured, all in the fields at harvest
time. Of 9 Gerbilly two were taken in the fields and the remaining
seven in the villages, most of them in houses on the outskirts.

Mus rattus, therefore, is the common rat of the Punjab villages
and is the only one which has any influence on the plague epidemie,
In all 7,525 specimens were examined during the year. The type
very closely resembles that found in Bombay. The colour of the
.dorsal fur is usually brown, while the belly is greyish, dirty yellow or
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occasionally quite white. During the cold weather the fur is longer
and thicker than that of the M. raitus found in Bombay. Mus rattus
in the Punjab as in Bombay is essentially a house rat. The houses
are closely packed together, often back to back, and at the best with
only narrow lanes separating them. The walls are built of sun-dried
bricks or of large clods of caked mud. The roofs are flat, made of
beaten earth supported by twigs, matting or cane. The floor con-
sists merely of beaten earth, which may or may notbe plastered
with cowdung. On account of this mud construction of the houses
M. rattus adopts burrowing habits. The mud walls, floors and
roofs, present no obstacle, and it is indeed the exception to
find a village house in which rat burrows cannot be found.
These burrows are very extensive. They have been followed
extending the entire length of the wall and into the wall of an
adjoining house. In short, a Punjab village may be looked upon
for our present purpose as being honey-combed with rat
burfows which ramify in all directions. Further, the nests
of M. rattus sre to be found in these burrows and seldom
in the interior of the house as in Bombay. In the houses
themselves there is kept an abundant food supply for the rats.
Each house has its granary, in which is stored the grain supply
for the household. In earthen vessels there are also kept such
articles as flour, sugar, ghee, potatoes, etc. All these are easily
accessible to rats,

From what has been said above it will not surprise the reader
to find that the rat infestation of & Punjab village is very great, and
that the rats live in close relation with the human population, so
much so indeed, that a common complaint of the villagers is that
their sleep is disturbed by rats running over them at night.
As further evidence of the enormous rat infestation it is only neces-
sary to state that during the year in Kasel the total number of M.
rattus trapped was 4,639, an average of 1'2 rats per inhabitant, the
corresponding figures for Dhund being 2,518 and 1'3. Vigorous
trapping was continued during the year in both these villages. At
the beginning of the- operations in Kasel 148 rats per 100 traps
set were taken. This proportion gradually diminished until
seven months after the commencement, namely, in July, only 17
rats per 100 traps set could be obtained. From this date until
the end of the operations in November the numbers caught steadily
increased, until during November 69 rats per 100 traps set were taken,
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or about half the number caught at the beginning. In Dhund the
Tesult was similar, so that there is no doubt that in both villages
at one season of the year breeding more than compensated
for the loss sustained by trapping. In this connection it was found
that while breeding goes on all the year round, during the cold
weather months (November-March, inclusive), it takes place to a
less extent than during the hot weather and that the most favour-
able months are April, September and October, when the mean tem-
perature is about 80°F. The average number of young bomn
at one time was found to be 6 per rat.

The question of migration of the rats from village to village
and from villages into the fields at harvest time was also investi-
gated. Traps were set around Kasel for one and a half months and
in one ingtance only, and that when the traps were placed close to a
house, were a few M. roifus caught. During the harvesting of the
spring crops in April, May and June, when the rat epizootic in Kasel
was steadily progressing, no rats, except a few specimens of
N. bengalensis, were found in the fields. In short, no evidence of
migration of any kind could be obtained and the more intelligent
villagers, who recognise the distinction between M, raitus and N.

Bengalensis, are emphatic in denying that the former species -ever
jeaves the villages.

Before passing on to the question of plague amongst the rats, a
few words on the fleas infesting the rats in Bombay and in the
Punjab are necessary.

On the rats in Bombay and in the Bomba,y villages practically
only one species of flea was found, namely, Pulez cheopis. The degree
of infestation of M. decumanus was found to be considerably greater
than that of M. raftus ; throughout the year more than twice as
many fleas being taken on the former as on the latter,

In the Punjab villages as well as P. cheopis another species of
flea, namely, Ceratophyllus fasciatus, was found on the rats,  This
species, however, made up only about 2 per cent. of the- total,
and during the months May to November entirely disappeared.

Another point of interest and importance which comes out
of the flea census is that M. rattus in the Punjab harbours con-
siderably more fleas than it does in Bombay. In the Punjab
its degree of flea infestation approximates that of M. decu-
smanus in Bombay. It has also been a common observation that sick
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tats habour many more fleas than healthy ones. Tt is not uncommon
to find 100 fleas and even more on a sick, plagne-infected rat.

The question of the seasonal prevalence of fleas will be dealt
with later on when discussing the seasonal prevalence of plague.

The Commission examined the physiological anatomy of the
mouth parts and alimentary canal of P. cheopis, investigated the
external anatomy of this flea and its differentiation from some other
common fleas and enquired into its habits and life history. Papers on
these subjects have appeared in the reports,* to which we
refer the reader whose interests lie in these directions. We shall
note those points which are essential for our present purpose
in their proper place.

C,—OBSERVATIONS ON PLAGUE IN THE RAT—THE EPIZOOTIC,

As the accuracy of the data which have reference to the rat
epizootic and to its relation with the epidemic depends upon the
aceuracy with which plague-infected rats can be diagnosed, a few
remarks on natural rat plague and its diagnosis will not be out of
place. The following statements on this subject are founded on the
detailed post-mortem examination of over 5,000 plague-infected rats,
both M. decumanus and M. rattus, found dead in Bombay and in
the Punjab. C

Plague rats may be divided into two classes, according as to
whether or not a bubo is present.  The bubo if present, and it is
present in 85 per ceat. of the: cases, i the most important sign of
plague. Its most common situation is, as we shall see, the neck, the
next most common being the armpit. Subcutaneous congestion is
common (69 per cent.) and when combined with a purplish red
uppearance of the muscles affords strong suspicion of the animal
_ being plague infected. Of other characteristic appearances those
* ocourring in the liver are the most important ; it has a waxy, mot.
tled or finely granular appearance, in the latter case asif dusted

over with grey pepper. Hsmorrhages in various parts of the body
are commonly found and an abundant pleural effusion constitutes
when present a noteworthy sign of plague in the rat. In putrid
rats at least three of these signs may persist and when recognised
are of the greatest assistance, namely, a bubo, granular liver and
" pleural effusion.

* Journal of Hygiene, Vol. 8, page 486, and Vol, 7, page 448,
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If recourse be had to the microscope, the bubo is the best
place to find plague bacilli in large numbers, the spleen next and
then the blood.

As the result of a number of severe tests it was found that the
naked eye is markedly superior to the microscopical method as.
an aid in diagnosis, that is to say, in the case of an experienced
observer. Such an expert would be prepared to make a diagnosis.
of plague on the strength of the macroscopical appearances alone,
even though the other tests were negative and the animal showed
raarked signs of putrefaction. ‘

In short, it may be said that neither in Bombay nor in the
Punjab did the Commission experience any difficulty in diagnosing:
plague from other diseases among rats.

The bacilli found in naturally infected rats, both during the epi-
gootic and during the non-epizeotic seagons, were fully virulent, 62
per cent, of the inoculated animals dying of acute plague in five
days or less, Further, the bacilli retained their full virulence
after passage through a latge number of rats, no matter whether the-
subcutaneous or cutaneous method of inoculation was used.
Finally, it was ascertained that a considerable percentage of wild.
Bombay rats were immune to plague infection, this insusceptibility
being also observed, when fleas were used as the agent of trans-
mission, As a point of epidemiological importance we shall have
occasion later on to refer to the relative infectivity of the blood,
urine and faces of plague rats.

With these few remarks on the disease as seen in the rat and its.
diagnosis, we may proceed to record these facts concerning the
epizootic which have a direct bearing on the epidemiology of the-
disease.

In Bombay City, for which a large mass of data has been
accumnlated and analysed, M. decumanus and M. rattus are by far-
the most important species in relation to the spread of plague.
Both these species were found plague infected, but from the
statistics it could be concluded that M. decumanus was twice as.
liable as M. rattus to plague infection. The explanation of this.
difference of plague incidence in the two species does not lie in any-
difference between them of susceptibility to plague infection, but
in the fact, already mentioned, that the degree of flea infestation of
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M. decumanus is more than double that of M. raftus. Before
going further we would insist that in Bombay City, just as there
are two common species of rats, so there are two epizootics,
namely, a M. decumanus epizootic and a M, raitus epizootic,
which have to be considered separately. The infection
amongst the rats in Bombay must be characterised as being
- exceedingly severe, 4,381 M. raftus and 13,377 M. decumanus
being shown to be plague infected during the year, a total of
nearly 18,000 plague-rats out of a total of' 117,000 rats examined,
The year, however, may be roughly divided into two seasons, (a) the
non-epizootic season, June to November inclusive, and (b) the epi-
zootic season, December to May inclusive, During the epizootic
seasion the largest number of infected M. rattus for one week waa
432, the largest number of M. decumanus for a similar period
being 1,334. This was in March. During the non-epizootic season
never less than 20 to 30 plague.infected rats were examined during
any one week. We see, therefore, that even during the off-
plague season acute plague persists antongst the rats, but to a much
less extent than in the plague season. The factors which govern
this seasonal prevalence will be discussed later on.

A study of the sect'on maps, the method of preparng which
has been described, leads to the conclusion that M. decumanus
is chiefly respons’ble for the diffusion of the infection throughout
the city, as might be expected in consideration of the out-door
life and wandering habits of this species, While this is so, it is to be
carefully noted that the infection does not spread in any definite
manner from one section to another ; infection amongst the rats
persists during every month of the year in most of the sections.
Further, in this connection we have already mentioned that no evi-
dence of a general migration of rats from one place to another,
when plague breaks out amongst them, could be found.

As regards the relation of the decumanus epizootic to the rattus
epizootic it wounld appear from a study of the curves which were pre-
pared from the figures collected during the year, that the former
preceded the latter by a mean interval of about ten days. Further,
the evidence obtained by the Commission led them to the
conclusion that the decumanus epizootic was directly accountable
for the rattus epizootic. By this statement the general relation
between the two epizootics is expressed, but it is not for one moment:

198¢C 0
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to be supposed that in every instance M. raftus received its infection
from M. decumanus. It was also considered that the persistence in
the off-season was due ult'mately to plague in M. decumanus.

These conclusions can be adequately explained, if it be granted
that the condit ons for epizootic preva'ence are more favourable in
the decumanus population than in the reftus popu'ation. Now, the
only factor concerned in the severity of epizootic prevalence
which does not affect the two species equally is, as far as can be as-
certained, the degree of flea infestation of each, M. decumanus har-
bouring & much larger number of fleas than M. raftus. In this fact,
therefore, is to be found the key to the elucidation of the relationship
of the two epizootics, It is scarcely necessary to point out the
extreme importance of this relationship in the problem of the
organisation of measures for combating plague in Bombay.

As regards the four villages on the outskirts of Bombay nothing
need be said with respect to the natural disease in the rat. It is
necessary, however, to refer to certain points of epidemiological
jmportance which came out of the investigations in these villages.

In the first place, it was found that the infection was not main-
tained in the rats (M. rottus) during the off-season, either in the
acute or in the chronic form. It could, therefore, be concluded,
as we shall see later, that the annual epizootics in these villages
must be ascribed to importation of infection, generally, no doubt,
from Bombay. All the evidence pointed to such importation taking
place, and we shall return to this question later on.

In the second place, in one of the villages, Sion Koliwada,
as soon as the mortality amongst the rats began and one or two
human cases had ocourred, almost the entire population evacuated
the village. The human population was replaced by the Com-
mission by a guinea-pig population. We shall have occasion
later on to refer more in detail to this experiment, and in the
meantime would only draw attention to a few of the facts concerning
‘the rat epizootic.

First, in proportion to the severity of the epidemic the number
wof plague-rats found was very small, notwithstanding the very
thorough and extensive search made. The experience both in Sion
Koliwada and in the Punjab village of Dhund in this respect points
to the danger of concluding that plague-rats are absent from
an infected locality unless a very thorough search is carried out.
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Secondly, it was found that the infection persisted among the
Tats in the village for two months and that in the case of two
individual huts it lingered amongst the house rats, in one for at
" Teast ten days and in the other for 13 days.

Thirdly, a study of the map showed that the epizootic spread
from a central focus towards the periphery and the rate of
spread is indicated in the statement that the infection in the rats
took six weeks to travel 300 feet.

We have already seen that in the Punjab villages M. rattus "is
the only rodent commonly present. QOur remarks, therefore, refer
to plague in this species.

The outstanding fact as regards rat-plague in the two Punjab
villages which were under observation is, that during the non-
epizootic season, when no plague cases were occurring, rats suffering
from a chronic form of the disease were caught alive. These rats
showed abscesses in various parts of the body, but chiefly in the
abdomen and more especially in connection with the spleen. These

. abscesses contained plague bacilli, in small numbers certainly, but
still virulent. Otherwise the rats appeared to be quite healthy and
it is remarkable that no rats with this form of the disease were found
.dead. The two main conclusions at which the Commission arrived
after ‘a careful study of this condition were, first, that these rats
had been infected by fleas in the same way as plague-rats which
develop the acute disease ; and, secondly, that, from the evidence
bearing on the question, no reason could be discovered for believing
that chronic plague, as it occurs in the Punjab villages, possesses
any significance in the seasonal recurrence amongst the rats of the
infection in the acute form. It is to be carefully noted that the
absence of acute rat-plague during the off-season in the two villages
of Kasal and Dhund does not warrant our concluding that it is
absent in all Punjab villages at this time. On the contrary, there is
no question, as we shall see, that in some villages the disease
persists in the rats in the acute form, as indicated by the occurrence
of a certain number of human plague cases throughout the non-
epidemic season.

In the village of Dhund the first acute plague-rat was found on
the 27th January and the last on the 21st April : the epizootic may,

o2
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therefore, be said to have lasted about three months. In Kasel it
‘lasted from 2nd April till 17th July, namely, about three and a.
half months.

In Dhund the epizootic was of very moderate severity, only
34 plague-infected rats being found. In Kasel, on the other hand,
253 rats were proved to be plague-infected and 89 more, too putrid:
for examination, were brought to the laboratory. The lightness of
the epizootic in Dhund is probably due to the large number of rats.
whlch had been removed by trapping before it began,

The mode of spread of the epizootic in both villages was charac--
terised by considerable irregularity. It cannot be said to have ex-
tended outwards from the original focus as a wave with a definite
margin leaving the area passed over free from infection. On the
eontrary some plague-rats were found at a considerable distance
from the original focus of infection early in the epizootic and also.
infected rats continued to be found in the vicinity of the original
focus at a time when the epizootic had spread considerably 1In
spite, however, of these irregularities it may be admitted that the-
general direction was centrifugal and that the areas furthest from.
the original focus were the last to become infected.

D.—OBSERVATIONS ON PLAGUE IN MAN—THE EPIDEMIO,

We may dismiss this part of our subject in very few words, as
the results of the observations differed in no particular from those
already published by numerous observers. Thus, the figurcs both
in Bombay and in the Punjab which have reference to the incidence
of the disease in the population classified according to sex, age and
caste are in harmony with what is already well known. In Bombay
City during the year there were reported 12,245 cases and
11,010 deaths. Data concerning 10,880 ot these cases were antered’
in the case cards, already mentioned, and analysed by the Commis-
gion. Deaths from plague were reported from the City during every
week of the year, the smallest number, 5, being in the week
ending 25th November and the largest number, 925, in the.

weelk-ending 28th April.

In the village of Dhind the last case of plague before the present.
epidemic was attacked on 14th July 1905. During the epidemie:
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which was now observed there were 32 cases; the date of the first
attack being 6th February 1906 and of the last 2nd May. There
were 19 deaths, a case-mortality of 60 per cent.

As regards Kasel the last plague case in 1905 occurred on the
928th April. The epidemic of 1906 consisted of 75 cases with 41
deaths, a case-mortality of 55 per cent, The first case oceurred
on 5th April and the last on 6th July.

E.—RELATION OF THE EPIZOOTIC TO THE EPIDEMIC,

We now come to the most important part of the epidemiological
observations, that is to say, the relationship between the epizootio

and the epidemic.

In Bombay City we have seen that it was concluded
that the ratfus epizootic was dependant upon the decumanus
epizootic. The conclusion which we shall now come to is that the
.epidemic is directly attributable to the ralus epizootic. The same
conclusion holds good for the villages, both in Bombay and in the
Punjab, but in these villages the problem is not complicated by the
spresence of the decumanus epizootic. This conclusion has been
arrived at after a careful consideration of the relation of the
.epizootic to the epidemic in time, in place and in quantity,

1. Relation of epiznotic to epidemic in time,

In Bombay City we have seen that the decumanus epizootic pre-
.oedes the rattus epizootic by an average interval of ten days. Using
the same methods of observation it was found that the curve of the
raftus epizootic was separated from that of the epidemic by an
.average interval of 10 to 14 days. The explanation of thi
interval on the basis of the flea theory will be dealt with

Jater,

In the maps for the sections the same time relations of the
-epizootic and the epidemic are well illustrated. It need hardly be
:mentioned again that during the non-epizootic season, that is, when
there are only fow plague-rats, there are also few plague cases.

This time relationship is also well shown in the case of the two
Punjab villages. In both villages during the season when no acute
plague-rats were found, there were no plague cases. ‘When acute
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plague appeared amongst the rats, human cases immediately began:
to appear.

In Dhund both plague-rats and cases were too few in number-
to allow of curves being constructed. It will be remembered,
however, that the first acute plague-rat was caught on 27th January
and the last on 21st April, while the first human case was attacked’
on 6th February and the last on 2nd May.

For Kasel curves were constructed in the same manner as for-
Bombay. These curves of rat-plague and human plague exihibit
avery close correspondence, the variations of the ocurve of
human plague following those of the rat-plague curve at an interval:
of about a week.

In both these villages, therefore, rat-plague preceded human:
plague and human plague ceased shortly after or just before the-
cessation of acute plague amongst the rats.

Observations of the same nature were made in the Bombay-
villages in which plague occurred. :

2. Relation of the epizootic to the epidemic in place.

In the case of Bombay it was practically impossible to obtain:
direct evidence bearing upon this point. Still, in a considerable-
number of instances plague infected M. ratius were found in
houses in association with plague cases. There are, however, two.
valuable pieces of indirect evidence which show that there cannot.
be the slightest doubt that the place infection of man is in-
timately related to that of M. rattus. Fjrst, we have already in.-
sisted upon the fact that M. ratius is essentially a house rat and that
it lives in close association with man. It necessarily follows that.
the place infection of M. rattus must correspond closely with that.
of man—in other words, that both must be referred to inhabited.
buildings. This association is shown in & general way in the-
maps of the sections. Secondly, statistics collected and analysed.
for the whole of Bombay and for the different sections separately-
show that the incidence of plague on persons living on different floors.
in bnildingsis the same. Now, we have already seen that M. rattusis.
found on every floor of the buildings, Moreover, the construction
of the buildings is such that there are abundant facilities for the-
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spread of infection amongst the rats living in different parts of a
building, It would seem that these facts confirm the conclusion
that the place infection of man and of M. rattus is the same.

Inthe case of the Punjab villages direct evidence of the place rela-
tionship of the epizootic and the epidemic was obtained.

In Dhund the 32 cases can be divided into two groups as
follows—Group 1 comprises 22 cases inhabiting 18 houses, in which,
or in the vicinity of which, plague-rats were found before or at the
time of the occurrence of the cases; Group 2 comprises ten cases
from eight houses, in which, or in *the vicinity of which, no plague
rats were found before or at the time the cases were attacked.
Three of these eight houses (four cases) were, however, shown by
guinea.pig experiments to contain infected rat-fleas. Of the other six.
cases two were imported, two lived in the neighbourhood of one of the.
houses shown to contain infected rat-fleas and the remaining two were.
children, whose movements before their illness could not be exactly
ascertained. Plague-rats, however, were found in the vicinity of the-
dwellings of these two children a few days after they fell ill.

In Kasel we may summarize the  data which have reference to-
our present point as follows:—

{@) Of 75 cases, four were imported.

(b) Of the 71 indigenous cases, 61 occurred in houses, in which,
or in the vichity of which, plague-infected rats had
been found prior to the attacks.

(¢) Plague-rats were not found in or near the residences of the
remaining ten cases prior to their attacks, but six of these
persons had visited houses where plague-rats had been
found. :

(d) Of the remaining four cases, one was doubtful, and
plague.rats were found in the vicinity of the houses of the
three other infected persons some ddys after they fell ill,

It would appear, then, that a more intimate association between
plague cases and plague-rats was traced in Kasel than in Dhund.
There is no doubt that this difference in the results obtained m the
two villages can be in part explained by the fact that information
of rats having died was obtained more readily in Kasel than in
Dhund, as the Kasel people had ceased to look on the Commission
with suspicion at the time the epizootic began in that village.
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Pinally, in attempting to estimate the closeness of the associa-
tion between rat-plague and human plague in a Punjab village we
must take into account the small size and close aggregation of the
houses and the free communioations by means of rat burrows between
neighbouring houses. It will then be readily apparent that the
association which exists between a plaguecase in a house and
plague-rats found in an adjoining house or in a house near by,
but not immediately adjoining, may have been more intimate than
that which obtains between cases and plague-rats found in different
rooms or even on different floors of large buildings such as
exist in cities. Further, it is also certain that many plague-rats die
in the burrows and do not come to view. That thisisso is shown
by the trapping of infected rat-fleas on guinea-pigs in houses in
which no dead rat had been found.

In conclusion, it is important to point out that plague cases do
not necessarily follow the finding of dead plague-rats in a house.
In Dhund there were eight houses in which plague-rats were
found and none of the inmates of which, 31 in number, contracted
the disease. In Kasel out of 86 oceupied houses, in which plague-rats
were found and which were not evacuated, only 15, or 17 per cent.,
furnished ' cases.

3. Relation of the epizootic to the epidemic in quantity.‘

Little need be said on the quantitative relationship of the
epizootic and epidemic. In Bombay City during the non-plague
season, when there are few plague-infected rats found, there are also
few plague cases. In the Bombay and Punjab villages during the
non-plague season, if there are no acute plague-rats, there are no
human cages, During the plague season in Bombay the quantita-
tive variations of the epidemic curve followed very closely those of
the raltus epizootic curvej, The same relationship was observed in
the curves of the Kasel epizootic and epidemic.

Further, in Dhund there were far fewer plague-infected rats
both actually and in  proportion to the size of the village than in
Kasel. There were also far fewer plague cases in Dhund thanin
Kasel.

Lastly, it was soon apparent that the risk of infection of the occu-
pants of a house increased with the number of plague-rats found.
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Thus, in Kasel out of 80 houses in which single plague-rats were
found only three, or four per cent. of the whole, furnished cases,
whereas plague cases among the occupants followed in 16 out of 57
« {28 per cent.) of the houses in which more than one plague-rat

wasfound. Ttwagalsothe experience of the Commission in Bombay
that if multiple cases of plague occurred ina house more than
onedead rat had been found in it, and the greater the number of
dead rats, the greater the number of cases.

Before finishing this part of the subject brief reference must
be made to an experiment that was madein the village of Sion
Koliwada which shows well the relationship between the rat
epizootic and the epidemic.

Sion is a small isolated. village to the north of the Island
of Bombay. The huts are well separated from one another

and there is no crowding together as thereis in a Punjab
village.

In January 1906, plague was introduced into the village by
importation from Bombay. Assoon a8 a few dead rats had
been found and one or two humen cases had occurred, almost
the entire population, which numbered 375, evacuated the village
and occupied & temporary camp in the adjoining fields.
Taking advantage of the voluntary evacuation of the
village by its inhabitants the Commission substituted in as
many houses as possible a guinea-pig population. These animals
were confined in wire cages in the houses and were fed daily by the
staff of the Commission, so that there could be no possible communi-
-cation between the animals in different #houses. Corresponding
to the rat epizootic there was a guinea-pig “ epidemic.”
‘This ““ epidemic,” moreover, was roughly co-extensive with the rat
epizootic and coincided with it in point of time. Further,in certain
of the houses the number of plague-rats found corresponded to
the degree of infectivity of the houses, as judged by the success of
-experiments carried out in them. We may, although perhaps some-
what prematurely, draw attention to the fact, that all the evidence
in this experiment pointed to the rat-flea being the agent of trans-
mission of the infection to the guinea-pigs and excluded contact ag
playing any part in the dissemination of the disease among the
guinea-pigs. .
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In conclusion, before considering the means by which the
infection is conveyed from animal to animal, it would be well
to state the very definite conclusion which was arrived at as.
regards the relation of the rat epizootic to the epidemic as follows :
The rat epizootic precedes and is alone accountable for the human.
epidemic. In Bombay City it is the rattus epizootic which deter-

mines the epidemic.
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Parr III.-METHOD OF TRANSMISSION OF THE INFEC-
TION FROM RAT TO RAT AND FROM RAT TO MAN.

A.—Transmission of infection by direct contact.
B.—Aerial transmission of infection.

C.—Transmissivn of infection through the.soil.
D.—Transmission of infection by means of food.
E.—T'ransmission of infection by means of the rat-flea :

1. Experiments ¢n the laboratory .

2. EBaxperiments in godowns or cabins.

3. The rat-flea ihe agent of - transmission of infection from
rat to ra? vn nalure.

4, Infection in plague houses due to infected rat-fleas.

5. The rat-flea the agent of transmission of infeciion between
rat and man. :

6. Further observations on the transmission of plague by
fleas,

(a) The fate of the plague bacillus in the body of the rat-flea
and the mechanism by means of which the flea infects
a healthy animal.

(b) Can a single rai-flea  transmit the infection ?

() Can both male and female rat-fleas transmit the
wnfection ?

(d) Can other species of fleas transmit the infection ?

We have seen that the plague epidemic is dependent upon
the epizootic amongst the rats, It is obvious, therefore, that
the next problem to be solved is the method of transmission of
the infection, that is to say, of the plague bacillus, from rat to rat
and from rat to man. Several possibilities will at once suggest
themselves to the reader, as they did to the Commission. These:
possibilities have been carefully examined and experiments con-
ducted with the view either of disproving them or of proving
them to be true. It is the result of this work which we would
now bring forward.
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A,—TRANSMISSION OF INFEOTION BY DIRECT CONTACT,

It is conceivable that a sick or dead plague-infected animal
‘might infect a healthy animal by merely coming in contact with it.
The work of the Commission, however, definitely proves that this
method of conveyance may be excluded. The evidence which
‘bears on this question may be briefly summarised as follows:—

1 A very large series of experiments was made with guinea-pigs
in specially construeted godowns or cabins. As we shall have
‘to refer constantly hereafter to these observations in the godowns,
it will be well to give a brief account of their structure.

The godowns are six in number and with the exception of the
roofs are of exactly the same construction. In the case of godowns
1 and 2 the roofs, being of country tiles, offer good protection and
shelter to the wild rat of Bombay ; the flea supply in the interior
is abundant and regular. In the case of godowns 3 and 4 the
roofs, being of flat Mangalore tiles, offer only poor protection
to rats and in consequence the flea supply is more or less scanty
and intermittent. The roofs of godowns 5 and 6 are made of
reinforced concrete and are quite rat and flea proof. These
.godowns, therefore, could be easily kept quite free of fleas.

The experiments to which we would now refer were carried out
‘in godowns 5 and 6. In these godowns plague-infected animals
were kept in close contact with healthy animals, that is to
‘say, running about together in a confined space and eating out of
the same dishes. The plague-infected animals were allowed to
die and the corpses were not removed until some time after
‘death, In some instances the concentration of infection was
very great, in one case 21 infected animals being at one time in
-contact with 25 healthy ones. Further, the infection was often
kept up for a long period by the daily addition of freshly infected
-animals. Itis also to be noted that, as the godowns were never
-cleaned out, close contact includes contact with urine and fmces
-of infected animals and contact with, and eating of, food con-
‘taminated with fsces and uyine of infected animals,

In all these experiments, done under various conditions, the
result was always the same, namely, if fleas were rigorously ex-
cluded not one of the healthy animals contracted plague. As
thess observations are of great importance a typical example
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will be given, which will help their being understood. On.
8th January, 1907, in godown No. 5 there were placed 25.
healthy guinea-pigs and five guinea.pigs which had been inoculated:
with a virulent culture of the plague bacillus. By 11lth January,
1907, all the inoculated guinea-pigs had died of plague. After
this date more infected guinea-pigs were added daily, 25 in all being.
put in between 15th January, 1907, and 24th January, 1907. All
these guinea.pigs died of plague, the last death taking place on
31st January, 1907. Itis to be noted that on 18th January, 1907,
there were 21 plague-infected animals in contact with the 25 un-
inoculated guinea-pigs. Ihe latter, however, remained healthy
until the experiment was ended on 21st February, 1907. No fleas.
were observed on the guinea-pigs throughout the course of the

experiment,

3. Young guinea-pigs in the absence of fleas may be suckled by
plague-infected mothers up till the death of the latter and still not
contract the disease. This observation has been made on several:

occagions,

3. Contact of healthy animals with plague-infected animals is.
not necessary to start an epizootic emong the former. Thus, in,
godowns Nog, 1 and 2, in which abundant rat-fleas were present,
the following experiment has often been made. A few plague-in-.
fected animals have been put into the godown. A day or two after:
the last of these guinea-pigs had died and been removed, a
number of healthy animals have been placed in the godown.
An epizootic at once breaks out amongst these animals, In
these experiments the healthy animals, it is evident, were never-
in contact with the plague-infected animals,

4. In plague-infected houses animals, placed in cages so con-
structed as to prevent contact with plague-infected animals which
might be present in the house, have in many instances contracted
the disease. Similar observations have been made with monkeys.
in the godowns which contained fleas and in which plague-infected
animals had been present a short time previously.

We shall deal with the infectivity by contact of human;
plazue cases later.
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B,—ARRIAL TRANSMISSION OF INFECTION.

The same experiments which have been noted above as evidence
against contact infection may with equal force be brought forward
88 evidence against wrial infection. In addition to these experi-
ments we can, however, cite the following observations, which
all point to the same conclusion :— '

1. In godown No. 1 or 2, in which many fleas were
-present and which had recently contained plague-infected animals,
guinea-pigs were suspended in cages two feet above the ground.
Not one of these animals contracted plague, while animals exposed
in the same godown at the same time, but suspendedin cages two
inches above the floor or running about on the ground readily
sickened and died of the disease. It is to be noted that s flea
cannot jump more than 4 inches. All these groups of animals
were equally exposed to serial infection. ‘

9. Animals placed in infected godowns or in plague-infected
houses in cages protected by a curtain of fine wire gauze or surrounded
by a strip of ‘¢ tanglefoot *’ never contracted .plague. Their
neighbours in similar cages, but not protected as described, often
succumbed to the disease. The animals of both these groups were
equally exposed to terial infection.

We shall bave occasion to refer more in detail to all these
.experiments when we come to spesk of the conveyance of
infection by means of fleas. In the meantime we may note
that we may exclude serial infection as playing any partin the
.conveyance of the infection from animal to animal in nature.

(.——TRANSMISSION OF INFECTION THROUGH THE SOIL.

The conception which can be formed of this method of infec-
‘tion is as follows :—Rats or human beings may contaminate the
.s0il or floors of houses with their infected excreta. Healthy *
animals or man may become infected by the rubbing into skin
abrasions of soil or dust contaminated in this way.

This has been in recent years generally accepted as
the most probable way in which man becomes infected. As it
was recognised that the infection was inside the houses it was
conly natural to suppose that it was in thesoil. This deduction
,seemed to receive support from the fact that in the great majority
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of human cases the position of the primary bubo is in the groin,
indicating that the bacilli had gained entrance through the skin
of the legs or lower part of the body. Such a mode of entrance
 geemed to be in harmony with the well-known customs of the
native of India, namely, that he is practically always bare-footed
in the house and as a rule takes his food squatting on the floor
and also sleeps thereon, The theory of goil infection, moreover,
offered an explanation of the problem of recrudescence, inasmuch
as it was supposed that the bacillus had an existence during the
non-plague season in the soil. We ghall return to the question of
the position of the primary bubo in man ; but, in the meantime,
we have to draw attention to the fact that up to date no com-
petent worker has ever recovered the plague bacillus from
the soil of infected houses, and now the work of the present Com-
mission definitely proves that this method of infection can be
excluded. The evidence which justifies this conclusion is briefly
summarised as follows :—

1. The urine of both infected rats and human beings may
contain plague baeilli in large numbers, but they are never
present in them in such large numbers as in the blood. The urine
can in some cases infect guinea-pigs when injected in consider-
able amount under the skin, but in no instance, out of a large
number of experiments, did it infect an animal when tested by
natural methods, e.g., rubbed into abrasions and scarifications.
1t is of course evident that in nature injection of infected urine
under the skin could not occur, the only probable way of
infection being through abrasions. A large number of experi-
ments on the infectivity of the fmces of both rats and man
were made, These tests were carried out by rubbing the fmces into
scarified surfaces on the skin of susceptible animals. Only on
one or two occasions oub of several hundred experiments did
infection result, even when the blood of the animal, of which
the faeces were used contained abundant plague bacilli. ‘

9. We have already seen that in godowns 5 and 6, from which
fleas were excluded, healthy animals ran about and lived on the
floors which were continually being contaminated with the urine
and faces of plague-infected animals and still did not contract
the disease. A large number of such experiments were: carried
out and always yielded the same result.
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3. Several series of experiments were made to ascertain the dura«
tion of infectivity of floors which had been grossly contaminated:
with virulent cultures of the plague bacillus. In these experiments-
the contamination was made artificially and was extremely gross,
the . floors being flooded with thick cultures of the bacillus.
Such gross contamination could never possibly occur in nature.
When the test of infectivity employed was to allow healthy
susceptible animals to run about on the floors, it was found
that cowdung floors remained infective for 12 but not for
24 hours after contamination, while chunam floors kept their infec-
tivity for 6 but not for 12 hours. In these experiments only a very
small percentage of the animals exposed to infection contracted
the disease and those only when the floors were still wet when the
animals were put on. It is again to be noted that the contamina.
tion in these experiments was very gross, much more so than
could ever possibly occur in nature.

Further, when we come to analyse the data which refer to.
the distribution of the primary bubo in the few animals which
did become infected through soil contamination and compare this
distribution with the distribution in the same species of animals,
namely, guinea-pigs, infected in nature, e.g, by running about
in plague houses, we find a marked contrast, which points to a
different method of infection. Thus, in the case of the soil
infected animals the position of the bubo was in the great
majority of instances in the groin, or in the axilla, the neck glands
being involved in only 22 per cent, of the animals, while in the
animals infected in nature the bubo was situated in the neck im
over 90 per cent. of the cases,

4 That animals may become infected with plague, although
they are carefully protected from soil infection, is definitely shown
by experiments which were made both in infected godowns in the-
presence of fleas and in plague-infected houses. These animals
were placed in cages of such a description that they were provected:
from soil infection, and still, in the instances in which' the accessof
fleas was permitted, some of the animals contracted the disease.
Again, in the experiments in infected-flea godowns, in which the
animals were suspended two inches from the floor and were never
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allowed to come in contact with the ground, they readily contracted
the disease. Two inchesis an easy jump for a flea.

.5, The last argument which we shall bring forward against
goil infection playing any part in the epidemiology of plague is
afforded by two series of experiments made in plague.infected
houses. In one series the houses had not been disinfected, while
in the other series disinfection had been thoroughly carried out
with an acid solution of perchloride of mercury of strength 1: 750, a
solution which, as has been abundantly proved, kills the
plague bacillus even in organic mixtures, Thesame proportion of
disinfected as of non-disinfected houses, namely, 30 per cent,, wae
found to be infective to guinea-pigs allowed to run free over the
floors. If the infection had resided in the soil it is only reason.
able to suppose that the disinfection would have rendered
the houses non-infective. It will be observed that the
disinfection had no effect on the fleas in the rooms.

D.—TRANSMISSION OF INFECTION BY MEANS OF FOOD,

It has been frequently asserted lately, especially in respect of
rats, that infection is intrcduced by means of food. Thus, it has
been supposed that rats might become infected by eating the
excreta either of plague rats or of human plague cases or perhaps
by eating food contaminated with such dejecta. It has also been
stated that a common way of infection of rats might be
the eating of the carcases of their dead infected comrades.
In the case of man it is held by several observers that infection
takes place through eating food contaminated either with the
excreta of infected rats or by flies, etc., coming from infected

material.

These hypotheses receive a certain amount of support from
successful feeding experiments carried out by various workers
in the laboratory. But the evidence which has been accumula.
ted by the present Commission goes far to prove that infection
does not thus occur in nature. Let us briefly consider this
evidence ; first as regards rats—

1. We have already seen that the feces and urine of plague
infeoted rats and of human plague cases are not at all or only slightiy

1980 —n
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infective when rubbed into abrasions of the skin. It is surely ’
justifiable to suppose that these excreta would be still less infective

when diluted with food and brought in contact with a healthy

mucous membrane. This supposition is borne out by a series of

experiments which was made on rats. A large number (194)

of rats were given the urine of human plague cases, in

many of which bacilli were present in the blood at the time the urine

was drawn off, but not one of these animals contracted plague.

2. We have already drawn attention to the contact experiments
which were carried out in godowns 5 and 6 in the absence of fleas.
In these experiments the food of the healthy animals was being
continually contaminated with the urine and feces of their plague-

infected comrades and still not one of the former developed the
disease. ' '

3. We have also mentioned ' the ohservations made with
young guinea-pigs, which were suckled by their plague-infected
mothers until the death of the latter. Not one of these sucklings
contracted plague, although it is reasonable to suppose that the
milk of some at least of the mothers contained plague bacilli.

4. Many observers have shown that it is possible to infect rats
in the laboratory by feeding them with grossly contaminated
material, such as the organs or carcases of animals dead of plague.
On these grounds and on these' grounds only it has been held
that in a state of nature rats generally hecome infected in this way,
the bacilli gaining access through the mucons membrane of the
mouth, throat or intestine. On account of those observa.

tions the Commission devoted particular attention to this question
with the following result—

Tt was found possible to infect rats with plague by feeding them
with grossly contaminated material of a soft nature, 21-4 per cent. of
wild Bombay rats being susceptible to this method of infection. In
a series of similar experiments made with M, rattus in the Punjab
67-8 per cent, of the rats were susceptible, but in this series a
much larger dose of infected material was given. Further, a large
number of wild Bombay rats were infected by feeding them on
the carcases of their plague-infected comrades. No difference as
regards the posi-mortem appearances or the distribution of the
primary bubo was found between rats infected in this latter way and
rats infected by feeding on soft contaminated material, But, while
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the general pathological lesions found in all rats infected by feeding
were in the main the same as those found in rats naturally in-
fected, there were observed two most important differences.
First, in naturally infected rats, while the primary bubo was as a
ule in the neck (74 per cent.), the axillary and inguinal glands
being also often affected (25 per cent.), in not one single instance,
out of 6,000 post-mortem examinations, was a bubo found in con-
nection with the mesenteric glands in the abdomen. On the other
hand, in the rats infected by feeding, the neck glands were in-
volved in only 29 per cent. of the cases, the inguinal and axillary
glands were practically never affected, while the mesenteric glands
were the site of the primary bubo in no less than 72 per cent,
of the infected animals. Secondly, in the case of naturally infected
rats the stomach and intestines showed, as a rule no marked patholo-
gical change, while in the case of rats infected by feeding, well.
marked lesions were found in the intestines. It would appear jus-
tifiable to conclude, then, that in nature, infection of rats by feeding
rarely or never takes place and that rats do not become infected
by eating the carcases of their comrades. At least this method of
infection can play no part in the epizootic spread of plague.

As regards man becoming infected through eating plague-
infected food all competent observers are agreed that the evidence
is against such a method of infection. The first Indian Plague
Commission were not able to discover any fact which would
support the suggestion that plague may effect an entrance
into the human organism through the stomach or intestinal
canal. They concluded that, if infection takes place at all
through this channel, it can be only in the very rarest
instances. There is on record no post-moriem examination which
points to the bacilli having gained entrance through the intestine
and there is no description of primary mesenteric buboes having
heen observed.

[ Further, it is evident that man could never receive

with his food anything like the number of bacilli which were in-

gested by the experimental rats mentioned above. In this con-

nection it is also to be remembered that in the experiments in

the flea-free godowns none of the guinea-pigs that ate food

contaminated with the urine and fmces of their infected comrades
: D2
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contracted the disease, and none of the rats which were fed on
food contaminated with the urine of human plague cases developec
the disease.

We are, therefore, now in the position to conclude thai.
the transmission of infection by food plays no part in the
spread of plague in nature either from ratto rat orfrom rat to
man. '

E.—TRANSMISSION OF INFECTION BY MEANS OF THE RAT-FLEA.

We have now to consider the possibility of the plague bacillus
being conveyed from rat to rat and from rat to man by means of
some biting insect, such as the flea. A number of observers had
already suggested and had brought forward a certain amount of
evidence in support of their suggestion, that the rat.flea was the:
insect responsible. With the exception of two Frenchmen, Gau-
thier and Raybaud, no wotker had, however, succeeded in an un-
equivocal manner in conveying the disease from animal tor
animal in the laboratory by means of fleas.

It was soon apparent to the Commission that, if any biting
insect was the agent of the transmission of the bacillus from rat.
to rat and from rat to man, fleas, and those species of flea which
infested rats, were practically the only insects which need
be considered. .

Investigation then showed that practically the only species of flea.
to be found on Bombay rats was Pulex cheopis, a flea first described
by Rothschild, who has expressed the opinion that this species,
except in Northern and Central Europe, is the commonest ratflea—
in some localities almost the only species, found upon rats.
All the experiments which are now to be summarised were made
with thisflea and when werefer to the rat-flea itisthis species.
which is meant. o

1. Experiments in the laboraiory.

After several failures a command of the conditions necessary
was ottained and it soon became a simple matter to transmit:
plague from animal to animal by means of rat.fleas. '
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In the first series of successful experiments a.glass case contain.
~ ing two wire cages side by side, each standing in a tin tray which
.collected the urine, was used. Both tray; were filled with sand,
in order to provide dryness and shelter for the fleas, Each
cage way furnished with a lid through which the rats were
introduced and food and water given to them. The whole appar-
atus was covered in with fin> muslin to prevent the escape of the
fleas. From this description it is seen that a rat placed in one of
these wire cages could not come in contact with a rat in the other
cage or with its urine and feeces. :
The method of experiment was as follows. A plague-infected
rat and & number of rat-fleas were placed in one of the wire
cages. A'ter the rat died, a fresh healthy rat was put into the other
cage, the corpse of the infected rat being left in for 24 hours longer.

Sixty-six experiments with English white rats and with
Bombay wild rats were done in this way, with the result that 30
healtEy rats contracted plague ; thatis to say, there were 45 per
cent. of successful transmissions. In all cases a fairly abundant
supply of fleas was present ; these could pass freely between the
cages and, except for the air, formed the only apparent means of
transmission of the bacilli from rat to rat.

In order to exclude aerial infection a s:cond series of experi-
ments was carried out, in which fleas were taken from a rat which
had died of p'ague and were placed on & fresh rat in a clean flea
proof cage of similar construction to that already described, but
containing only one wire cage. Twenty-one (55 per cent.) successful
transmissions out of 38 experiments were obtained in this way,
both English white rats and Bombay wild rats being again used.
The possibility of the rat-flea carrying plague from one rat to
another was therefore demonstrated directly.

Following on these successes & comprehensive scheme of flea
transmission experiments was at once started with the object of
investigating several important questions which suggested them-
selves. The teaching of these experiments will be referred to
faterin their proper place. Itis sufficient to state here, that many
hundred successfu! flea transmission experiments were carried out
with guinea-pigs, an animal which is an excellent host for P. cheopis.
Finally, a considerable number of success’ul transmissions were
obtained by confining fleas, taken from plague-infected rats, in test
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tubes and allowing them to feed on definite areas of skin of healthy
animals through a layer of muslin covering ‘the mouth of the tube.

It is thus demonstrated, that, when the proper conditions
are obtained, it is an easy matter to infect susceptible snimals
by means of rat-fleas taken from plague animals, all other means
of iufection being rigorously excluded.

2. Experiments in godowns or cabins.

- We have already made passing reference to the experiments
which were carried out in godowns or cabins especially constructed
for the purpose. Attention has been drawn to the fact that these
godowns differed from one another only in the structure of their
roofs, which were so constructed, that in the interior of godawns.
Nos. 1 and 2 the supply of rat-fleas was abundant and regular,
in Nos. 3and 4 it was more or less scanty, and in Nos.5 and &
there wee no fleas, We have already seen that .if fleas are
rigorously excluded, as they were in godowns 5 and 6, close
contact of plagne-in‘ected animals with healthy animals does
not give rise to an epizootic among the latter. We have now
to see what happens unde:  simi'ar circumstances if fleas are
present, With this object in vi w a large number of observa-
tions were carried out in godowns 1 and. 2 at all seasons
of the year., . When the experiments were carried out during
the plague epidemic season, the disease at once started amongst
the healthy animals and rapidly spread from animal to animal
until not one was left alive. When, on the other hand, the experi-
ments were made during the non-epidemic season, e.g., in June
or July, either none of the healthy animals became infected or only
two or three contracted the disease and died. These experiments
have been many times repeated and always with the same results.
It will parhaps render the subject more easily understood if one
experiment of each type is detailed as an example, ’

(@) Godown No 2, January, 1907.—This experiment was made
at the same time as the one already described as having been car-
ried out in godown 5, that is to say, at the beginning of the plague
epizootic season in Bombay.

On 8th January, 1907, there were placed in the godown five
guinea-pigs which had been inoculated with a virulent culture of
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the plague bacillus. By 11th January, 1907, these five animals
had succumbed to acute plague.

On 11th January, 1907, after the last inoculated guinea-pig had
died and been removed from the godown, there were put in 25
healthy guinea-pigs, which were allowed to run free. An epizootic
of plague of the mostrapid description at once broke out amongst
these healthy animals, the first dying on 15th January, 1907, and in
a fortnight from their being placed in the godown the last one
had succumbed to the disease.

Fleas were present in great numbers in the godown through-
out this experiment.

(b) Godown No. 2, June, 1905.—On June 13th, 1905, that is dur-
ing the non-epidemic season, 50 healthy and 10 ineculated guinea-
pigs were placed in godown No. 2. The inoculated animals had
all succumbed to plague by June 29th. Of the uninoculated
guinea-pigs four died of plague, the fiist on the 2nd July and the
last on 12th July. All the other animals remained healthy.

Fxperiments done in June and July, 1906, gave similar results,
although in some instances not asingle uninoculated guinea-pig
became infected.

Again, by making contemporaneous experiments during the epi-
demic season in a godown with many fleas and in another,.
godown with few fleas it was shown that the rate of pro-
gresy of the epizootic is in direct proportion to the number of
fleas present. Thus in an experiment carried out in godowns 2 and
4 during the rise of the plague epizootic of 1907 the following re-
sult was obtained. In godown 2, in which fleas were very aban-
dant, the epizootic spread through 25 guinea-pigs in nine days,
while in godown 4, in which few fleas were present, it lasted 68
days, the same number of guinea pigs being present.

If further proof were necessary to prove that the fleas present
in the godowns were the agents of transmission of infection, this
proof is afforded by the following observations :—

(1) Fleas taken from infected godowns, placed in test-tubes
and fed through muslin on bhealthy guinee-pigs, infected the
latter.

(2) We Have already referred in passing to some experiments
which were carried out in godowns 1and 2,in which three
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groups ol guinea-pigs were exposed to infection in different ways,
one group being allowed to run about on the floor, the second
group being placed in wire cages two inches from the floor and
the third being suspended two feet from the ground, also in
open wire cages. It was already known that a flea could not
jump more than from four to six inches. This experiment has been
repeated on several occasions and a'ways with the same result.
The following may be taken as a typical example :—

On 28th January, 1907, into godown 2, in which a plague epi-
zootic had just come to an end by killing all the animals, three
groups of four guinea-pigs each were distributed as follows :—

(@) four guinea-pigs running free on the floor;

(b) four guinea-pigs in wire cages two inches above the ground ;

(¢) four guinea-pigs in wire cages suspended two feet above
the ground.

On 30th January, 1907, these guinea-pigs were removed from the
godown, freed from fleas under chloroform and segregated.
One hundred and twenty-five fleas were taken on the guinea-pigs
of Group A, 27 on those of Group B and none on those of Group C.
‘The eight animals of Groups A and B were observed to be ill and
to have buboes in the neck. The four guinea-pigs of Group C
appeared to be quite well. i

The fate of the animals of these three groups was as follows :—

Group A.—OQOne died under the chloroform ; it was proved bac-
teriologically to be plague-infected, The other three all died of
plague,

. Group B.-—All four animals died of plague.

Group C,—All four animals remained healthy.

In short, the animals which were within the limit of a flea's
jump all died of plague, while none of those which were outside
this limit contracted the disease.

(3) On several occasions monkeys were placed in pairs in cages
in an infected godown. Both animals were protected from " soil
infection and were equally exnosed to aerial infection. One
aninal was, however, protected from fleas, either by a broad (six in-
ches) strip of sticky material, namely, ¢ tanglefoot,”” or by a fine
metallic ganze curtain, while the other was not so protected. They

. were left in the godowns for 48 hours,
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The result of these experiments wes that not one of 11 ani-
mals protected from fleas contracted plague, while six out of 13
unprotected developed the disease.

It will be seen that these godown experiments were of the
‘most - exhaustive nature and yielded most convincing proof of the
part played by the rat-flea in plague epizootics, As the
references made to these observations have of necessity been
somewhat scattered, it will be well to summarize the con-
clugions which may be drawn from them. These conclusions

are—

(@) Close and continuous contact of plague-infected animals
with healthy animals, if fleas are excluded, does not give rise
to an epizootic among the healthy animals. As the godowns
were never cleaned out, close contact includes contact with feces
and urine, and eating of food contaminated with fieces and urine
of infected animals, Close contact, even the suckling of young
by plague-infected mothers, does not give rise to the disease.

(b) When fleas are present, the epizootic, if it does start,
varies in severity and rate of progress according to the season of
the year and the number of fleas present. The season, in which
-epizootics are readily produced experimentally and spread rapidly,
corresponds with that of the plague epidemic.

(¢) An epizootic of plague can occur in a8 godown containing
infected fleas without direct contect of healthy animals and infected
animals.

(# In an infected godown the infection is -effective in pro-
portion as the test animals are accessible to fleas.

(¢) Infection can take place without any contact with conta-
aninated soil. '

(/) Aerial infection is excluded.

{(9) The experiments lead to™ the conclusion that fleas and
fleas alone were the transmitting agents of infection.

8. The rat-flea the agent of transmission of infeciion from rat to
ral wn nature.

-We have already seen from experiments in the laboratory and in
the godowns, that the only meansof transmitting plague from
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animal to animal at all comparable to what would occurin nature
are— :

(a) by feeding on grossly contaminated material, and
(b) by rat-fleas,

Further, we have excluded the possibility of the first of these-
methods ever happening in nature.

We propose now to bring forward more evidence in sup.-
port of the second of these methods, namely, flea transmission,
This evidence is obtained from a comparison of the distribution.
of the primary bubo in animals, rats and guinea-pigs, infected:
in nature with its distribution in the same animals infected in the-
laboratory by means of fleas. Let us first consider the case of rats.

In Bombay, during both the plague season and the non-plague
seagon, it was found that the great majority of rats that died of
plague in nature had the primary bubo in the neck, the next:
" most common sites being the armpit and the groin. This state-
ment holds good both for M. decumanus and for M. rattus.
The same distribution of the primary bubo was found to be-
present in plague-infected rats in the Punjab villages,

When we compare this distribution with the distribution in rats-
infected in the laboratory by means of fleas we find a remarkable:
similarity, the neck glands being again most commonly involved,
those in the axilla and groin next. The following table shows a¥
a glance this comparative distribution :—

Naturally infected. Infected by fleas.

Rats examined . . . . 5,188 . 117 ‘

per cent. per cent
Rats without bubocs . . . 16 18
Cervfealbubo. . . . . 72 61
Axillary bubo . . . . 23 22
Inguninal bubo . . . . 18 35.
Mesenteric bubo . . . . 0 .0

Material evidence is here adduced that the rats in nature are-
infected by means of fleas,
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Among guinea-pigs the distribution of the primary bubo in.
three groups was as follows :—

{a) A group of 87 animals, naturally infected in plague houses.
() A group of 253 animals, infected in the course of the
godown experiments already referred to. (It will be
remembered that the conclusion was come to that these
snimals were infected by rat-fleas, all other means of
infection being excluded.) '

(¢) A group of 108 animals, experimentally infected in the
laboratory by means of fleas.

The following table summarizes very shortly the distribution’
of the primary bubo in these three groups of guinea-pigs,

T | s | e
Guinea- pige oxawined 87 253 108

per cent, per cent, per cent.
Without bubges . . . 1 1 1
Cervical bubo . . d 92 92 91
Axillary bubo . . i 1 3 | 8
Tuguinal bubo . : 14 13 ) 22
wlesenteric bubo . . . 0 "0 0

The close correspondence between the distribution of the buboes
in these three groups of animals points to the conclusion that
the mode of infection was the same in all cases. It would follow
that both in the experimental godowns and in plague-infected
houses the infection was conveyed to the guinea-pigs by fleas.

4. Infection in plague houses due to infected rat-fleas.

We have now to consider certain observations which
prove both indirectly and directly that in a plague-infected
. house the infection is due to the presence therein of rat-fleag
which are capable of transmitting the disease to animals. These
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observations, which were carried out in Bombay and in the
Punjab, fall naturally into four groups.

Group I —In this group, which is divided into two series, guinea-
pigs were allowed to run free for about 18 to 40 hours in houses
in which one or more plague cases had occurred or in which dead
rats had been found. They were then removed, cleared of fleas and
segregated in the laboratory. In the first series the houses had
not been disinfected, whilein the second series disinfection had
been carried out.

Series 1.—~In this series we have to record observations made
in Bombay during the plague season of 1906 and again during that
of 1907, and also observations made in the Punjab villages of Dhund
and Kasel in 1906. The results were as follow :—

(a) Bombay 1906 : 42 houses tested ; 12 houses infected the
guinea-pigs, namely, 29 per cent. '

(b) Bombay 1907 : 100 houses tested; 19 houses infected
the guinea-pigs, namely, 19 per cent.

{c) Punjab villages 1906 : 49 houees tested ; 9 houses infected
the guinea-pigs, namely, 184 per cent.

Of a total of 189 houses tested in this way 40, or 21 per cent.,
proved ““ infective ” to guinea-pigs.

Series 2.—The observations in this series were made in Bombay
in 1906 in houses which had been disinfected before the guinea-
" pigs were put in. In most cases the process of disinfection car-
ried out by the Health Department of the Municipality of Bombay,
consisted in washing thoroughly the walls and floors with an acid
golution of perchloride of mercury of a strength of 1 in 750, a solution
which, as has been abundantly proved, readily kills the plague
bacillus even in organic mixtures. In a few instances gaseous
disinfection with the fumes of burning sulphur was used, while in
still a few other cases a combination of these two methods was
carried out. The results were as follow :—

Thirty-one houses were tested and in nine instances (29 per
cent.) the animals became infected, Itis noteworthy that in
many instances the number of fleas trapped by the guinea-pigs
was very large, as many as 263 being taken from one house,
while the average of the 31 observations was 40 fleas per house.

The significance of this group of experiments may be stated
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as follows :— We have already seen that guinea pigs may live im
contact with plague-infected animals, may run about on floors
contaminated with the urine and fieces of these animals and may
eat food similarly contaminated, and still not contract the disease,,
if fleas are excluded. In the above experiments, therefore, we
are led to conclude that the guinea-pigs which became infected:
contracted plague, not from contact with plague-infected animals.
nor from contaminated floors nor from contaminated food, but pos-
sibly from fleas infected by plague rats. This conclusion receives.
support from the fact that rat-fleas, as we shall see, were caught
in considerable numbers on the animals. It receives further sup-
port from the fact, which we have ‘already mentioned, that disin-
fection with perchloride of mercury kills all plague germs.
present in the walls and floors, even when the latter are covered
with cowding, but does not affect the fleas.

Group II.—In this group of observations, which also is made
up of two series, fleas taken in plague houses were fed on rats or
guinea-pigs in flea proof cages in the laboratory The two series
only differ from one another in the manner in which the fleas were
cbtained.

Series 3.—1In this series the fleas were taken on rats, which were
proved at the laboratory to be plague-infected. They were transfer-
red in each instance to healthy guinea-pigs. The results were as
follow :—

(a) Bombay, 1906 3 experiments ; 3 successes.
(b) Bombay, 1907 : 3 experiments; 3 successes.
(c) Punjab villages, 1906 : 6 experiments; 3 successes,

A total of 12 experiments with 9 successes (75 per cent.).

Series 4.~In this series the fleas were taken on guinea.pigs, which
had been left for some time in plague houses. They were brought
to the laboratory in test-tubes and were then transferred to fresh
animals, guinea-pigs or rats, in flea proof cages.

The results of these observations were as follows :—

(@) Bombay, 1906 : 40 experiments ; 8 animals died of plague
(20 per cent.).

(6) Bombay, 1907 : 31 experiments ; 11 animals died of plague
(35 per cent.).

(¢) Punjab villages, 1906 : 25 expenments 7 animals died of
plague (28 per cent.),
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A total of 96 experiments with 26 successful transmissions,
namely, 27 per cent.

It is important to note that the great majority of the fleas caught
on the guinea-pigs placed in the houses were rat-fleas (P. cheopis).

Group I1I.—In this group of experiments, which is also made
up of two series, the conditions were so arranged that, while all
the animals were protected from soil infection and from infection
by contact with any plague-infected rats which might be in the room
and were equally subject to aerial infection, half of them were pro-
tected from fleas and the other half were not so protected. For
each experiment a pair of animals, one protected and the other
not protected, was used.

Series 5.—In this series the protection from fleas was obtained
by means of a curtain of fine metallic gauze, the mesh of which was
slightly larger than of that used for filtering petrol. In the other
cage a layer of ordinary wire netting took the place of the gauze.
The cages were left in the room for 48 hours: they were then re-
moved and the fleas taken off the animals which were segregated.
" The following were the results :—

(a) Bombay, 1906 : 42 experiments.

(1) Protected animals—all remained healthy.
(2) Unprotected animals—4& developed plague.

b) Punjab, 1906 : 21 experiments.

(1) Protected animals—all remained healthy.
(2) Unprotected animals—4 developed plague

(c) Total; 63 experiments,

(1) Protected animals—all remained healthy.
(2) Unprotected animals—8 developed plague (13 per cent.)

Series 6.—The experiments of this series differ from those of the
last series in that one of the animals instead of being protected
from fleas by means of a metallic gauze curtain was surrounded by an
area apread with °‘ tanglefoot,”” a sticky, resinous preparation used
for catebing flies. The minimum width of this area was six inches,
& distance which no fles can jump. In the case of the control ani.
mal the ‘¢ tanglefoot ’’ was replaced by a layer of sand. |

The following were the results of these experiments :—
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(a) Bombay, 1906 :29 experiments,

(1) * Tanglefoot ** animals—all remained healthy.
(2) “8and” animals—7 developed plague.

Out of 247 fleas caught on the * tanglefoot ** 60 per cent. were
fuman-fleas, 34 per cent. were rat-fleas, and 6 per cent. were cat-fleas,

Plague bacilli were demonstrated in the stomach contents of
1 out of 85 of the human-fleas dissected and of 23 out of 77 rat-
fleas (30 per cent.).

(b) Punjab wvillages, 1907 : 30 experiments,

(1) * Tanglefoot *’ animals—all remained healthy.
(2) “Sand” animals—2 developed plague. ‘

The species of 156 of the fleas canght on the ‘¢ tanglefoot ** was
.determined ; 138 were rat-fleas, and only 18 were cat-fleas. There
were no human-fleas. Fifty-five rat-fleas were dissected, and the
stomach contents of three were found full of plague bacilli.

The small number of successes in the experiments of Group
III in comparison with those of Group I, in which the guinea-pigs
‘were allowed to run free, is due to the fact that fleas did not reach
the caged animals in anything like the same number as they did the
dree animals, Thus, inSeries 1 the average number of fleas per
- house was 20 and in Series 2, 40 ; while in Series 5 an average of
- ouly three fleas per house were taken on the unprotected animals.

Before passing on to the last group of observations we have
to draw attention to the fact that by far the most common sits of
+the primary bubo in the animals which became plague-infected in
all the above experiments was the cervical region. We have
-already pointed out the significance of this distribution and have
shown that it points strongly to an infection by means of fleas.

Group IV.—This group consists of a series of observations,
having as its object a comparison of the number of rat-fleas caught
n plague houses with the number taken in non-plague houses. -

In the course of the observations of Group I with free guinea-
pigs carried out in 1906 in Bombay and in the Punjab a careful
census was made of the fleas caught in the houses. At the end of
the observations the houses were divided into two classes : (A), a
<lassin which the houses were definitely shown to be plague
dnfected, either because plague-infected rats had been found in
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the house or because one or both of the guinea-pigs developed the
disease ; and (B), a class made up of the remainder, in which the
houses were only presumably plague-infected, inasmuch as one or
more plague cases had occurred in them, The data concerning
the flea census in these two classes of houses are summarised in
the accompanying table :—

Class A, Class B,
Houses definitely proved | Houses only presumably
plague-infected. plague-infected.
j
Bombay. Punfab, Bombay, Tunjub,
1" S D F.
'B t15 5 | dis
uges no -
‘disinfootod, . disinfested, Citutoctad. nieoted.
No. of houses 3 ’ "
‘examined t di ' 18 29 21 8
— e |
Total No. of 5 | 246
fleas caught 44 731 ' 467 388 488 4
: T
Average No. of 34 73 ‘[ o6 13 23
fleas per house ! 8

From this table it is seen that the average number of fleas in
the houses which were definitely proved to be plague-infected was.
in each instance about three times as great:as in the housez which
were only presumably plague-infected.

During the plague epidemic in Bombay of 1907 further opser-
vations of a similar nature to those mentioned above were made.
In this instance, however, a third class of houses was added, naniely,
houses which were definitely known not to be plague-infected. The
three classes of houses, therefore, in which the fleas were enumerated
were as follows ~=

A. Houses deemed plague-infected for one or more of the
following reasons: (1) a dead plague-infected rat or
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rats had been found in the house ; (2) the guinea.pig—
in this series only one animal was put into each hounse—
which was allowed to run free in the house developed
plague and died ; (3) one or more of the fleas taken in
the house were found on dissection to be plague infected ;
(4) fleas taken in the house gave plague to a healthy
guinea-pig, on which they had been placed.

B. Houses presumably plague infected, either, (1) because a
plague case or cases had occurred in the house ; or, (2)
because dead rats, which had not been sent for exa-
wination, were found in the house.

C. Control houses of the same type and situated in the same
neighbourhood as above, but which were definitely
known not to be plague infected.

The results of the flea census made in these three classes of
houses are set forth in the accompanying table, from which it is
seen that houses which were definitely proved to be plague
infected contained on an average nearly three tinies the number
of rat-fleas-contained in houses which were only presumably
plague infected and 12 times the nmumber contained in houses
which were free from suspicion.

i’l Class A, Class B, l, Class C.
Total No. of l
houses 27 73 ‘ 68
Total No. of
fleas taken : 784 755 169
t
Average No. of
fleas per house 29 10-3 2-5

A further point of interest which came out of these observations
is, that out of 130 fleas which were dissected and examined the
stomach contents of 41 (82 per cent.) contained abundant plague
bacilli,
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From & consideration of all these observations, both in Bombay
and in the Punjab, the only conclusion which can be come to is that
in a plague-infected house the infection is due to infected rat-fleas
and not to any infection of the soil or of the air.

5. The rat-flea the agent of transmission of infection between
~ the rat and man.

We may now state the eviderce which can be adduced in favour
of the theory that the rat-flea is the agent and the only agent of
transmission of the infection from the rat to man, :

In the first place, we have to consider the question of the path
by which the plague bacillus effects an entrance into the human
organism. ? '

In the case of primary pneumonic plague there is no question
that the infection is contracted by inhalation. Pneumonic cases
are, however, rare (2'5 per cent.) and play little or no part- in
the spread of epidemic plague. While this is true of pneumonic
plague, almost all observers are agreed that, as far as the common
forms of the disease are concerned, man becomes infected through
the skin, the primary bubo developing iu the glands in connection
with the lymphatics which drain the area of skin through which the
plague bacilli gain entrance. - Alarge series of experiments in guinea-
pigs, in which infected fleas were fed on definite aress of skin,
supported this opinion, inasmuch as they showed that in this case
at any rate the bubo always developed in the glands in connection
with that ares of skin on which the fleas were fed. This being
admitted, at one time it was thought that Indians, going about as
they do bare-footed, usually became infected by bacilli in the soil
getting rubbed iuto abrasions on the feet. This hypothesis was
founded chiefly on the observation that a large proportion of plague
cases have the bubo in the groin. The Indian Plagne Commission,
however (Val. V, p. 70), pointed out that in proportion to the atea
of skin which drained into them the glauds of the groin were not
more commonly affected that the glands of the axilla or of the
neck. Thus, they pointed out that the areas of skin surface,
which drain respectively inte the glands of the neck, the axilla
and the groin, stand to each other approximately as the figures
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1:1'8: B, while the numbers of cervical, axillary and inguinal
buboes stand to each other severally in the relations expressed
by the figures 1: 18: 58. Further, it has also been shown
that in communities wearing shoes the percentage of groin
buboes is no less than in those who go abuut bare-footed.

It would appeaf, then, from these considerations that in the
case of man there is no seat of election, a8 it were, of the skin area
through which the plague bacillus enters.

In considering cther possible modes of entrance of the plague
bacillus, the Indian Plague Commissiun came to the conclusion that
man never or only in the very rarest instances became infected
through the digestive tract. Within recent years, however, certain
workers in Hong-Kong, as a result of clinical experience, post-morten
examination and feeding experiments, have favoured this method
of infection, The evidence brought forward by them is by no
means convincing, and the results of the post-mortem examinations
and of the animal feeding experiments have not been cunfirmed by
other obgervers.

In conclusion, we may take it, therefore, that all the evidence
which is available points to man becoming. infected through the
skin and is in favour of the agent of infection being of such a nature
as the flea.

In the second place, we have already seen that both in Bombay
and in the Punjab there is a definite time relationship between the
rat epizootic and the epidemic.

In the case of Bombay City the average interval, ag deduced
from the curves showing the relation in time of the rattus epizootic
and the epidemic, was 10—14 days, while in the case of the village
of Kasel in the Punjab the same interval was about a week. The
Bombay epidemic curve, however, was calculated on plague deaths,
while the Kasel curve was on plague attacks. The interval in the
latter case would, therefore, be shorter by a few days than the
Bombay interval. Further, in the village of Kasel an opportunity
was obtained of estimating the average interval between the finding
of dead plague rats in the houses and the occurrence of the first
plague case in them. In five houses, in which plague rats were
found on only one occasion prior to the human case, the average

2
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interval between the two was ten days. In 14 houses, in which
plague 1ats were found on more than one occasion prior to the
human attack, the average interval between the finding of the firat
plague rat and the first case was 12 days, while the average interval
between the last plague rat and the first case was seven days.
These intervals correspond closely with those deduced from the
curves representing the rafius epizootic and the epidemice both in
Bombay and in Kasel iteelf, This interval is best explained on the
supposition that there is an intermediate agent between rat and
man. Assuming the truth of the flea theory it is divisible.into
three periods as follows :—

(@) A period elapsing before the rat-flea, coming from the dead
: rat, bites man, namely, three days.

This period of three days is deduced from a large number of ob-
gervations made with rat-fleas in the laboratory. In these experi-
meuts it was found that rat-fleas deprived of food for from
72 to 96 hours attack and feed on man most readily.
In this conmnectivn it is also to be noted, as will be shown
later, that the percentage of infected fleas taken from plague
rate is greatest for the first four days and after that rapidly
diminishes.

(3) Incubsation period of human plagne, namely, average of
three days.

(¢) Duration of illness of fatal human plague cases, namely,
average of 5% days,

The periods (a), (b), and (¢) make up the interval between the
rattus epizootic and the epidemic in Bombay, and the periods
(2) and (b) the interval in the village of Kasel.

In the third place, we have already seen that in experiments
in plague-infected houses the only possible explanation of the re.
sults obtained with animals, 4.e., guinea-pigs, was that the rat-flea
and the rat-flea alone was the agent by means of which the unimals
became infected, and that the infection in ths houses was solely
due to the presence therein of infected rat-fleas. Further, in several
of these experiments und in some experiments in the godowns,
which have been referred to already, monkeys were infected under
the same conditions, that is to say, under conditicns which exeluded
all other means of infection but infected rat fleas. It has, of course,



53

been impossible to make direct experiments with man of a similar
nature to those described and one is always reluctant inferen.
tially to transfer the results of experiments made on animals to
man. Inthe present instance this reluctance, it appears to us,
would be completely overcome, if it could be shown that rat-fleas
will at all readily use manasa hoqt With this end in view a large
number of observations have been made by the Commission which
confirm those already made by Liston in Bombay. These observa-
tions are summarized as follows—

(a) Observations made in the laboratory,

In the course of the large number of flea experiments made in
the laboratory it was often noticed that, when a man’s hand is put
into a cage containing rat-fleas, the fleas will jump on the hand and
if given time will feed on it. When the fleas are starved they will
more readily bite man and most readily when the starvation process
has lasted for from 72 to 96 hours. While this is so, it was also
noticed that unless the fleas were very numerous they would not
attack man in the presence of their natural host, the rat.

Further, it was found that rat-fleas may be attracted to man,
jurip on him but take scme time to feed »n him. This last ob.
servation is of importance in conmection with the question
of importatron of infected fleas from place to place. TFleas might
be carried by man from one place to another without mfectmg
bim, but would, when brought near a rat, attack and infeet it in
preference to man’

Finally, it was ascertained that rat-fleas could be kept alive
for some considerable time, namely, 3—4 weeks, by feeding them
on human blood alone. Rat-fleas when starved never survive
longer than a week,

(b) Observations in the course of the godown experiments.

In the course of the godown experiments, to which reference
has been already made, fleas in considerable numbers have often
been taken on the legs of men who entered the godowns only for a
short time. As many as 44 fleas have been captured on the legs
of a man who went inside four times in quick succession and
remained ir the godown each time no longer than was required to
sick up and remove a cage
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(¢) Observations made in houses in Bombay.

In the course of the observations in Bombay the members of the
Commission had very often occasion to enter plague-infected houses.
On many instances they caught rat-fleas on their own persons &s
well as on those of the attendants. In one house in particular, which
the inhabitants had evacuated after a very severe rat mortality,
many rat-fleas were caught on successive days on a man who
went inside only fora short time; thus, on April 18th, 51; on
April 19th, 34, and on April 20th, 60 rat.fleas were taken in this
way.

From these various observations it is evident that the rat-flea,
P. cheopis, under certain circumstances, especially in the absence
of its true host, the rat, is attracted by man and will readily bite
and feed on him.

Additional evidence of & more indirect nature might be brought
forward in support of our present thesis, but it would appear to
be unnecessary.

, We can, therefore, now safely conclude that the rat-flea and the
rat-flea alone is the agent of transmission of the plague bacillus from
rat to man.

(6) Further observations on the transmission of plague by fleas.

We have now reached a stage when we may profitably pause and
consider some subsidiary problems which naturally follow on the
demonstration of the part played by the rat-flea in the ‘transmission
of plague from animal to animal in nature. These problems are —

(a) The fate of the plague bacillus in the body of the rat-flea
and the mechanism by means of which the flea infects &
healthy animal.

(b) Whether a single rat-flea can transmit the infection,

(¢) Whether both male and female rat-fleas can transmit the in-
fection.

(d) Whether other sPecie‘s of fleas, as well as P. cheopis, can
transmit the infection.
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(a) The fate of the plague bacillus in the body of the ral-flea and
the mechanism by means of which the flea infects a healthy
animal. ,

A study of the anatomy of the mouth parts and of the alimentary
canal of the rat-flea shows that the blood is sucked up from the
wound made by the pricker and is then passed down the gullet by
successive waves of contraction of the muscles from before back-
wards into the stomach, which is guarded anteriorly by a valvular
arrangement,

The stomach is a pear-shaped organ occupying a considerabl
part of the abdomen of the insect. That the stomach is capable
of containing a considerable amount of blood is apparent from the
obseryation that after a flea has fed nearly the whole of the
abdomen is seen to be filled with a bright red mass.

In order to arrive at some conception of the chance of a flea
taking plague bacilli into its stomach and of the number likely to
be imbibed from the blood of a rat dying of plague, the Commission
made both approximate measurements of the average capacity
of the flea’s stomach and accurate estimations of the average
number of live plague bacilli contained in the blood of rats dying or
recently dead of plague. The technique of these operations ig
too complicated to describe here ; it is sufficient to state the follow-
ing conclusions :—

The average capacity of a rat-flea’s stomach has been approxi-
mately estimated to be 0'5 ¢. mm. The blood of a plague-infected
rat before death may contain as many as 100,000,000 bacilli
per c.c. If, therefore, a rat.flea imbibed the blood of such a rat
it would receive into its stomach 5,000 germs. Further, it is
evident that a flea that imbibed the blood of a rat conteining
10,000 or more germs per c.c. would take some bacilli into its
stomach. Now, it was found that the blood of about two-thirds
of plague-infected rats containg more than this number of germs,
_ 8o that rat-fleas in sucking the blood of plague rats in nature must
have ample opportunity of taking bacilli into their stomachs.

Evidence was next obtained on the question of the multiplica-
tion of plague bacilli in the stomach of the flea. Fleas were fed
on plague-infected rats until the death of the latter animals. They
were afterwards fed on healthy animals, a fresh animal being sup-
plied each day, so that it was impossible for them to imbibe any
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more bacilli., Each day a number of the fleas was dissected and
the stomach conténts examined as to the presence or absence
of plague bacilli. In a certain proportion abundant germs were
found up to the 12th day and in one instance on the 20th day. We
have good evidence in this observation that multiplication of plague
bacilli may take place in the flea’s stomach, for, if there had been
no multiplication, the bacilli-laden blood imbibed originally would
soon have been diluted to a marked degree and the bacilli washed out
by the blood taken in at each feed on the healthy animals.

The next point to determine was the approximate proportion
of fleas in the stomachs of which multiplication of plague bacilli
takes place. This proportion was found to vary with the season
of the year, being six times greater in the epidemic seagon than in
the non-epidemic season. In the epidemic season the percentage
of infected fleas was greatest for the first four days (43 per cent.)
after removal from the plague rat, but e certain number were found
with bacilli in their stomachs up to the 12th day ; thus, on the 6th
day there were 15 per cent., on the 8th day 16 per cent, and on
the 12th day 9 per cent. On one occasion the stomach contents
of a 20th day flea were found full of plague bacilli. In the non-
epidemic season no flea wag found with plagué bacilli in its
stomach after the 7Tth day and of those examined during the first
gix days only 52 per cent. were infected.

It was important now to determine the duration of infectivity
of rat-fleas taken from plague rats when tested on susceptible ani-
mals. This was done by feeding fleas, which had imbibed blood
containing plague bacilli, on healthy guinea-pigs, a frésh animal
being supplied each day, until all the fleas had died. After being
in contact with the fleas for 24 hours each guinea-pig was carefully
cleared of fleas and segregated. In this way several series of experi-
ments were done with the following results :—One series done
during the epidemic plague season and in which a limited number
of fleas were used showed that, in these circumstances, fleas
could remain infective for at least 10 days. A second series, also
carried out during the epidemic season, but in the presence of a
very large number of fleas, gave the time that fleas might remain
infective as 15 days. In a third series of experiments, conducted
under the same conditions as the second series but during the non-
plague season, the fleas remained infective for only seven days and,
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further, far fewer (one-third instead of two-thirds) animals than in
the second series contracted the disease. It is to be remembered
that in these experiments the fleas were fed throughout. Starved
fleas, even when placed under the most favourable conditions, never
survive longer than a week.

The next questions which suggested themselves were, (1) are
the bacilli to be found anywhere in the body of the flea outside the
stomach ? and (2), how do the bacilli leave the flea’s body ? The
blood after the end of the digestive process in the stomach passes
inta the rectum of the flea as a thick, slimy, dark-red mass and ap-
pears at the anus as minute, dark-red or black, tarry droplets. It is
easy to demonstrate by dissection and examination that the
rectal contents are often crowded with plague bacilli, and
it has been repeatedly shown, both by microscopical examination
and by animal tests, that the fwces may contain abundant and
virulent plague bacilli. ‘

On the other hand, a very large number of fleas, which had
come off plague rats at intervals varying from a few hours to several
“days, have been dissected and the various parts of the body
examined for the presence of bacilli., On rare occasions a few
bacilli have been seen in the gullet but only in these cases in which
the flea has been killed immediately after feeding. As regards the
other regions of the body, in not a single instance have any
plague bacilli been observed outside of the organs already men--
tioned. No infection of the body ecavity has been seen and,
although particular attention was paid to the salivary glands,
nothing at all resembling a plague bacillus has ever been detected
in them. It would appear, then, that nowhere outside the stomach
and the alimentary canal posterior to the stomach are plague
bacilli to be found in any numbers and that they leave the body
chiefly, if not; entirely, along with the fmces.

These observations have a distinet and important bearing on
the next question which we have to consider, namely, ‘the question
of how the flea transmits its infection to the healthy animal. It
is evident that several methods of transmission are possible, such
a8 (@) the animal eating the infected fleas; (b) the mechanical con.
veyance of the bacilli by the pricker ; (c) the injeetion of the bagilli
along with the saliva as the result of an infection of the ealivary
glands ; (d) the regurgitation of the stomach contents or the retention
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of the infected blood about the mouth parts orin the pharynx,
the bacilli being then injected with the saliva or carried down on the
pricker or rubbed into the wounds made by the pricker ; (e) the depo
sition of the-infected feces on the skin, the bacilli being then in
jected by the pricker or rubbed into the wounds made by the pricker, -

After careful consideration of all the available evidence bear-
ing on the subject the Commission were of opinion that
it pointed to the conclusion that the bacilli after multiplying
in the stomach leave the body of the flea with the freces and then
become injected into the healthy animal either by being carried in
by the pricker or by being rubbed into the pricker wounds. In
addition to the evidence already mentioned pointing to this con-
clusion we may mention the fact, that the flea while sucking has a
habit of squirting blood per anum. Further, experiments have
shown that the wounds made by the pricker afford a sufficient
avenue for the entrance of the bacilli, even when no rubbing is re-
sorted to. While all the evidence points to the inoculation of the
fleas’ fooces being the method of mfection, the possibility of infection
by contaminated mouth parts or by regurgitation from the stomach
cannot be altogether excluded, although no evidence could be
obtained in favour of either of these methods. Infection by the
eating of infected fleas and by infected saliva can be almost
certainly excluded.

(bY Whether a single rat-flea can transmit the infection.

Rat-fleas were taken off plague-infected rats after the death of
the latter. They were then transferred to healthy guinea-pigs in
clean flea-proof cages, one flea being added to each cage.
Sixty-seven experiments were made in this manner, but only in
one instance was there a successful transference of the disease.
As we can estimate that about half of these 67 fleas contained
plague bacilli in their stomachs, it would appear that the chances
of an animal contracting plague after being bitten by a single
infected flea are remote.

(¢) Whether both male and female rat-fleas can transmait the
wnfection.

Observations were made to ascertain if both the male and
female P. cheopis could transmit plague from animal to animal,
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Six experiments were carried out with each sex, with the result that
one animal in each series became plague infected.

(d) Whether any other species of flea, as well as P. cheopss,
can transmit the infection.

Three other species of flea were available for these observations,
namely, Ceratophylius fasciatus, Pulex felis and Pulex irritans.

1. Experments wite Ceratophyllus fasciatus.

This is the common rat-flea of Northern Europe. It is not found
at all in Bombay, but in the cold weather was taken on rats in the
Punjab to the extent of 2 per cent. On account of its scarcity
and because the experiments were made towards the end of the
observations at Dhand and Kasgel, only two experiments were com-
pleted with this fles. Both these experiments were successful,
showing definitely that Ceratophyllus fasciatus can convey plague
from infected to healthy animals,

2. ExpermMENTS WITH Pulex felis.

This is the common flea found on cats and dogs. It was found

not to live well on guinea-pigs and rats. Transmission experiments

" with it were carried out by feeding the fleas first on Bombay rats

infected with plague and on the death of the latter transferring

them to fresh guinea-pigs in clean flea-proof cages. Although 27

experiments were made in this way, not a single successful transmis.

sion was obtained. It should be added that these experiments were
made during the height of the plague epidemic in Bombay.

3. FxpERIMENTS WITH Pulex drritans,

Experiments with this flea, the common species found on man,
were carried out in the same manner as those with cat fleas. Out
of 38 experiments three of the guinea-pigs became plague infected.
This small number of successes may be explained by the fact that
this flea does not live well either on rats or on guinea pigs. It was
found that, if kept on rats, only 1-2 per cent. of the number originally
put on could be recovered after 24 hours and that after72 hours
this was further reduced to 1 per cent.
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Parr IV.—RELATION OF THE HUMAN PLAGUE CASE TO
THE SPREAD OF THE EPIDEMIC.

A . ~Introduction,

B.—Ezperience in hospitals,

C.—~Influence of smported cases on the spread of the epidemic.

D.—Previous history of plague cases as regards contact with
other plague cases, :

E.—Relative frequency of the occurrence of single and multiple
cases of plague in houses and buildings,

A.—INTRODUCTION.

Considering that we have already arrived at the conclusion
that the plague epidemic is solely attributable to the rat epizootic
it may seem superfluous further to examine the question as t(;
the part played by a human plague case in the spread of the
epidemic. This question is, however, of so much Importance
to the sanitarian, whois called upon to devise prophylactic
measures, that we propose now to gather together all the
evidence on the subject which is available, in order that such a
definite conclusion may be arrived at as to enable the administrator
to act upon it with confidence.

In the following remarks it is to be understood that pneumonio
plague cases are excluded. The contagiousness of this class of case
and the mode of transmission of the infection have never been
disputed ; but on account of their rarity pneumonic cases can play
only a minor part in the spread of the epidemiec.

A little consideration will make it evident that an ordinary plague
case can only be infectious, in so far as the excreta are in-
fectious or in so far as the infegtion is carried by means of a suctorial
insect such as the human flea.© We have already brought forward
~xperimental evidence to show that the excreta of plague cases, ag

vell as of plague rats, are not infective when the methods of
noculation practised are such as would occur in nature, As
regards the human flea being an agent in the conveyance of the
Jisease, it cannot be denied that this flea can transmit the infection
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from animal to animal in the laboratory. Other experimental data,
however, such as, the comparatively small number of plague bacilli
present in the blood of plague cases, are against this hypothesis,
go that to eonclude off-hand from the transmission experiments
done in the laboratory that such a method of transmission from

~ case to case takes placein nature would be extremely dangerous
and, as we shall see later, would lead us into grisvous error. We
,do not now intend to enter again into the experimental evidence,
valuable as it is, which is opposed to the belief that a plague case
is infectious. We propose, however, to take up the question
from the epidemiological aspect, drawing our evidence from
various sources and only referring to experimental data when
Decessary.

B.—ExprriENoE IN Hosprrars,

It has long been observed in India that the attendantsin a
plague hospital remain singularly free from infection, although
they are brought frequently into intimate contact with patients in
the acute stage of the disease. So well is this fact recognised that
it has become a saying “ that the safest place in a plague epidemio
is a hospital.” The Commission’s experience in the plague hospitals

of Bombay, as well asin the homes where cases were treated,
~ forced the members to the same conclusion.

In order, however, further to investigate the point, experiments
of three different kinds were made—

(1) Two guinea-pigs were allowed to run free in the acute
plague ward of the Maratha hospital, Bombay. Although kept in
the hospital for one week these animals remained healthy.

{2) Bedding recently soiled by the excreta of acute cases just
before death was obtained daily from the hospital and put into a
confined space, namely, godown No. 5, along with 15 guinea-pigs.
Each lot of bedding was kept in the godown for 24 hours, but
the same guinea-pigs were exposed throughout. Although the
experiment was continued for several weeks and in the intimate
contact of a confined space, a contact, which was closer and
more prolonged than any that could possibly happen in the cage
of man, none of the guinea.pigs contracted the disease.
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(3) We have already stated that neither the urine nor

fmces of acute plague cases infect guinea-pigs when rubbed into
abrasions on the skin,

C.—INFLUENCE OF IMPORTED CASES ON THE SPREAD OF
THE EPIDEMIC,

When we come to deal with the subject of importation of plague
mnto kocalities hitherto uninfected, we shall see that imported plague
cases are in many instances seemingly the starting point of the
epidemic. Now, we have already arrived at the conclusion that
the epidemic is wholly dependent on the rat epizootic, so that
it follows that there must be a connection between the imported
case and the start of the epizootic. What this connmection is
we shall see later on. At present, however, we wish to bring
forward some observations of the Commisgion in regard to
the.fate of the contacts of plague cages imported into the villages

in Bombay and in the Punjab, when there was no evidence of a rat
epizootic resulting.

(1) Out of 28 cases which occurred in Parel village 17 were
undoubtedly imported, having acquired their infection in Bombay,
In the houses in which these cases were treated a large number
of individuals were living in the same rooms as the sick, but in
no instance did any of the healthy become infected.

(2) In the case of Wadhala village early in the year two separate
cases were imported from Bombay City. None of the inhabitants
of the houses in which these cases lived contracted the disease
and there was no extension of the infection in the village.

(3) During the year that Worli village was under observation
three cases of plague occurred. There is no doubt that all these
cages were infected outside the village. Again the contacts remained
healthy and there was no extension of the disease.

Without enteringinto details we may say that similar observa-
tions were made in the Punjab.

Before leaving this question we would like to make it clearly
understood that while these observations appear to show that
an imported plague case is of no danger per se to those with
whom it comes in contact, it by no means follows that a plague
cafe may not import with it something, e.g., infected rat-fleas



64

which may infect the indigenous rats and thus be the starting point
of the rat epizootic and, in consequence, indirectly, of the

epidemie,

D.—PREVIOUS HISTORY OF PLAGUE OASES AS REGARDS CONTAOT
WITH OTHER PLAGUE CASES.

In Bombay City it was absolutely impossible to obtain any
trustworthy information on this point. In the Punjab villages,
however, in the great majority of cases accurate information
was obtained. In Dhund there were 32 cases: 25 of these
(80 per cent,), it was definitely ascertained, did not prior to
attack come in contact with other plague cases. ” The remaining
7 cages had come in contact with plague cases, so the
possibility of their having been directly infected from the latter
cannot’ be excluded. In~Kasel out of a total of 75 cases it was
ascertained that 53 (70 per cent.) did not prior to attack come in
contact with other plague-cases; that 11 cases (15 per cent.) had
been in contact with cases prior to becoming ill and that with
regard to the remaining 11 cases (15 per cent.) it could not he
determined whether or not such contact had taken place.

In these two villages, therefore, the great majority of cases
did not receive their infection from other plague cases.

Finally, it will be remembered that.in the village of Sion Koli.
wada on the evacuation of the inhabitants a guinea-pig population
was put into the empty houses. A severe epizootic spread through
these animals, although there was no chance of contact in any
instance with a sick animal.

E.—RELATIVE FREQUENCY OF THE OCCURRENCE OF SINGLE AND OF
MULTIPLE PLAGUE CASES IN HOUSES AND BUILDINGS.

If plague were an infectious disease, it would certainly happeh
that multiple cases in a house would be the rule and not the excep-
tion, The observations of the Commission throw much light

on this point.
(1) Tn Dhund the 32 cases inhabited 26 houses : of these houses

one furnished three cases, four furnished two cases each and the
remaining 21 houses a single case each. Thatis tosay, 70 per
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cent. of the cases were single cases. All the cases were treated in
their own houses throughout their illness, In the 21 houses
which furnished single cases the number of contacts was 86,
all of whom came into intimate relation with the patients.
None of these contacts contracted the disease.

(2) In Kasel the 75 cases inhabited 67 houses. One house
furnished three cases, six houses furnished two cases each and 60
houses a single case each. That is to say, 80 per cent. of the
cases were single cases. In the houses which furnished single
cases the number of contacts was 273, of whom 18 had been
inoculated against plague. In other words. out of 255 presum-
ably susceptible persons who came into contact with plague cases
not one was attacked.

Further, both in Dhund and Kasel it was observed that when
multiple cases did occur in a house they were attacked practically
gimultaneously, as if from a common source of infection.

(3) In Parel village there were 28 cases, 17 of which were
imported. Of these cases 20 (71 per cent.) were single cases, the
remaining eight being divided amongst four houses, two in each.
In all the houses where cages occurred a number of inhabitants
were living in the same room as the sick. In no instance was
there any ,evidence to show that the sick communicated the
disease to their healthy attendants or friends.

(4) In Bombay City the experience of the Commission showed
that it is comparatively rare to find two or more cases in a
house. Attention was specially directed to this point, because
throughout the epidemics of 1906 and 1907 a continual endeavour
" was made to find instances of this kind with the purpose of using
such houses for guinea-pig experiments. The number of houses
suitable for this purpose was very small when compared with
the total number of plague houses.

A large mass of data relating to this question was ob-
tained from the municipal records for four epidemics, 1903-1906,
The records relating to the incidence of plague for these years
in all the buildings in 10 typical sections of the city were
analysed and statistics under the following headings compiled "—

(a) Mean number of inhabitants per building.
(b) Mean number of tenements per building.

19scC



66

(¢) Mean number
epidemic.

(d) Percentage of buildings which yielded one case, two
cases, three cases, ete., in edch epidemie.

The results of a study of these statistics are very striking.

Thus, it was found that although the mean number of
inhabitants per building i as high as from 27 to 61 in the
different sections -and the mean number of tenements per
building is between 4'5 and 9-1, that is to say, the buildings are
of considerable size, the mean number of plague cases per build.
ing in the epidemic season is very low, never, indeed, rising to 3
per building, and in the different sections varying between 1'5 and
2°9. In the non-plague season the mean number of cases per build-

ing was never in any section higher than 2 and was generally
between 1 and 1°5,

of plague cases per building in each

This low mean number of cases per building, when considered
in the light of the fact that the buildings on the whole have a large
population distributed as separate families in houses or tenements
within the building, is without doubt evidence that the mean
number of cases per house must be a very low figure.

This conclusion is supported by the figures which relate to the
percentage of infected buildings which yield single and multiple
cages. Thus, for example, in the epidemic of 1906 in Dongri section
49'7 per cent. and in Kumbharwada section 71 per cent. of the
buildings infected had single cases. The figures for the other
sections come in between these. In order to make the statistics

clear to our readers, the figures for the year 1906 for Dongri section
are given below,

Dongm' section, 1906.

i Mean num-| Mean num- To%a‘.!lr g;lm- Mean num-
Number of | Popula- betof inhabit«| ber of tene- | Total num- bultdinga ber of plague
accapled | tlon, ants per ments per  ber of plague | 10 nigeld cases per
buildings, bullding, building. cages. ol plzgua infected
cages, bufiding,
T =
Jan. | July | Jan, | July | Jan, ' July
to to to t0 to | _to
June.| Deec, {June,| Dec, .Tu.na. Dee,
. 585 42,063 61 o1 ’ 436 82 197 24 2:2 | 13

Jan~June="Plague season.
July--Dec, =Non-plague season,
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Number and percentage of buildings which yielded cases.

1loages
1 case, 2 cases, 8 casges, 4 cases. 6—10 cases. and
_ over,
Jan, | July | Jen. l July | Jan, | July | Jan, | July | Jan, | Juy Jan, |.Tu!
o Dty |pfe io ) to o ) to’ | to |t | to | “to |'tf
Tane | Dec, |June. | Dec. | Tune,| Dec, | Tune. | Doc. June. | Dec, | June, {Deo,
Num l
ber .98 20 81 ‘ 2 | 8 1 14 18 )
Per. {
cenrf ,
age o . . | . . . .. . g .
togalin-| 497 | 838, 157;‘ 178 | 42| 171 81| 42| 13
Itected |
build ’
ings.

All the evidence, then, points to the conclusion that in the great
majority of instances a house during & plague epidemic yields
ouly a single case. Moreover, it was also found that, when two
or more cases do occur in a house, they are attacked practically
simultaneously as if from & common source of infection, and that
in houses with multiple cases the evidence regarding the rat mor-
tality i3 much stronger than in those instances in which only a
single case occurred in a house.

This phase in the natural history of plague is adequately ex.
plained when we consider certain facts in connection with the
transmission of the infection from rat to man by rat.fleas, which
have been already mentioned, Thus, we have seen that the
‘percentage of infected fleas rapidly diminishes from the 3rd or
4th day after the flea has imbibed the blood of the plague rat. In
this connection it is to be noted that only 21 per cent. of plague
houses were infective for guinea-pigs, although in these experi-
ments the houses were chosen ag being apparently badly infected
and the tests were made as early as possible. We have also seen
that the chances of infection being given by a single flea are remote,
an important fact when taken in conjunction with the observation
that rat-fleas will not attack men unless forced to do 80, .

It would appear from all these considerations that the chances
of man being infected in the course of the disease amongst the rats
are not very great, that, in other words, he only participates, as
it were, by an off chance in the rat epizootic.

« It is unnecessary here to draw attention to the bearing of
these facts on the prophylaxis of the disease. Their teaching
with reference to such measures ag disinfection, segregation of plague
cases, etc., is too obvious to require comment.
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Parr V.—RELATION OF INSANITARY CONDITIONS TO
THE SPREAD OF PLAGUE.

A, —Influence of insanitary conditions considered without refer-
ence 1o rat plague wpon the spread of the epidemic.

- B.—Influence of insanitary conditions upon the spread of rat
plague and upon the transference of infection from rals to man—
(1)- The conditions which favour the spread of rat plague over a

city, or through a village.
(2) The conditions which favour the spread of ra: plague into
 and throughout inhabited buildings.

C.—Incidence of plague on different classes of the community.

When we consider in what manner insanitary conditions might
influence a plague epidemic, it is evident that, accepting as true
the conclusion that the epidemic is wholly dependent upon the
rat epizootic, the problem divides itself into two parts, namely,
(1) the influence of insanitary conditions considered without refer-
ence to rat plague upon the spread of the epidemic, and (2) the
influence of insanitary conditions upon the spread of rat plague and
upon the transference of infection from rats to man. These two
problems have to be kept entirely separate.

A —INFLUENCE OF INSANITARY CONDITIONS CONSIDERED WITHOUT
REFERENCE TO RAT PLAGUE UPON THE SPREAD OF THE EFPI-
DEMIC.

When we consider the manner in which insanitary conditions,
such as defective ventilation, bad lighting, etc., may affect a plague
epidemie, it is evident, in the light of what has gone before, that
we have to consider only the possible effect of such conditions
in lowering the resistance to infection of persons who are exposed
to them. It cannot be denied that insanitary conditions may exert
such an influence. On the other hand, there can be no doubt that
plague is a disease which most frequently attacks men and women
in full vigour of the prime of life. Leaving, however, d priors
reasoning behind, the Commission examined, as far as was possible,
the question dunng the epidemic of 1906 in Bombay. They used
chiefly the statistical method and the results were as follow :—

i (1) Personal experience of native houses in Bombay leads 30
the belief that the ventilation of these houses is not on the whole
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defective. Moreover, from experience of the ventilation of houses
in which plague cases occurred and from statistical data based on
observations of the state of ventilation of a large number of plague
houses, the Commission were led to form the conclusion that no
relation exists between the incidence of plague in these houses and
their ventilation.

~ (2) Bimilar -evidence relating to the conditions as regards
lighting, which are found to obtain in plague houses, led also to
the conclusion that no relation exists between such conditions and
the incidence of plague in these houses.

(8) It is certain that in many of the sections of Bombay dense
overcrowding of the population exists. The evidence obtained
bearing upon the relation of this overcrowding to the incidence of
plague was of two kinds—

First, statistical data relating to three criteria of overcrowding
were compiled, namely—
(2) the number of inhabitants per acre ;
(b) the number of inhabited buildings per acre ;
- {¢) the average number of inhabitants per occupied build-
ing.
These data were compared graphically with the incidence of
‘plague per mille of the population for each section.

Secondly, an analysis was made of data relating to the amount
of space available for each occupant-in over 4,000 houses in which
plague cases occurred.

Congideration of the whole of the evidence led the Com-
mission to the conclusion that, although the incidence of plague
was highest in the most crowded tenements, it was apparently
-unaffected, so far as the City of Bombay is concerned, by the
density of population in the different sections of the City, the
smallest areas regarding which figures could be obtained.

(4) It cannot be denied that the system of the disposal of night
soil and sullage water, that is to say, the system of open drains
or gullies between the buildings, which prevails in the unative
‘city of Bombay, is a highly insanitary one. Nevertheless, if
the rat epizootics are excluded, the Commission- were unable to
discover any definite relation connecting this state of affairs
:with the spread of epidemic plague. In confirmation of this view
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the case of the outlying villages in the island, which possess no
such system and which nevertheless are liable to severe
~ epidemic outbreaks, may be cited. Again, in Bombay itself
severe attacks may occur in buildings provided with an excellent
water carriage system.

In short, the Commission felt justified in coming to the
conclusion that the insanitary conditions which exist in Bombay
have no influence which acts directly on the spread of epidemic
plague.

In support of this conclusion attention can be drawn to a severe
epidemic which occurred in a number of new chawls recently builb
by the Improvement Trust, buildings which in respect of their
sanitary arrangements could not be improved upon. Reference
will be made to this outbreak later on. It is, of course, also true
that during the epidemic many buildings in the City in a highly
. insanitary state escaped infection altogether.

B.—INFLUENCE OF INSANITARY CONDITIONS UPON THE SPREAD
OF RAT PLAGUE AND UPON THE TRANSFERENCE OF INFEC-
TION FROM RATS TO MAN,

It will be convenient to consider this part of our subject under
two heads, namely, (1) the conditions which favour the spread
of rat plague through a city such as Bombay and through a
village, e.g., in the Punjab ; and (2) the conditions which favour the
spread of rat plague into and throughout inhabited buildings.

1. The conditions which favour the spread of rat plague through a
city e.g., Bombay, or through a village, e.g., in the Punjab.

In Bombay we have seen that the spread of epidemic plague
through the City is directly due to plague in Mus decumanus. It
follows, therefore, that the conditions which favour this species of
rat will be the conditions which favour the spread of the epidemic
through the city., We have already drawn attention to the habits
of M. decumanus, so that all that is now necessary is to mention
briefly those conditions obtaining in an oriental city like Bombay
which are favourable to its existence.

In the first place, the structure of the buildings is for the most
-part of the flimsiest description. The foundations are not by any
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means rat proof and as a rule there are no solid masonry plinths.
The buildings in consequence are easily infested by Mus decu-
manus.

In the second place, separating the buildings from one
another, there is s system of gullies, which are simply open
drains. These gullies communicate freely, on the one hand,
with the ground floors of the buildings and, on the other hand,
with the sewers and storm-water drains. The latter come
into complete function only in the rainy season and, therefore,
during the greater part of the year are practically dry, and
must then offer excellent shelter for rats with habits like M. decu-
manus,

In the third place, scattered throughout the City there are
innumerable stables and store houses or godowns of all descriptions,
situated either in detached buildings or more often on the
ground floors of inhahited buildings. These .afford excellent
shelter for rats.

Finally, the food supply for rats is abundant. The stables
and godowns themselves contain a good food supply, and into
the gullies, court-yards and lanes the inhabitants throw all the
remains of their food, the sweepings of the rooms and other garbage.
It is, moreover, a common custom to tether goats, sheep and
cattle in the court-yards, lanes and entrances to the houses. A .
special corps of municipal servants, the sweepers, is entertained
to keep the streets and gullies clean, but even with their best
endeaveurs this is an almost impossible task.

To sum up then, the flimsy structure of the houses and the lack
of solid plinths, the system of gullies and drains in general, the
stables and godowns 8o commeon throughout the city in close con-
nection with the human habitations, the abundant food supply,
all play their parts in attracting and fostering M. decumanus,
These conditions, therefore, have an indirect influence on the diffy-
sion of plague throughout the city.

As regards the Punjab villages we have already seen that the
case i simplified on account of the absence of M. decumanus. We .
have seen also that the chief factors which favour M. raftus are, the
configuration of the villages, the close aggregation of the houses,
the mud walls and floors easily permeable by rats and the abun-
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dant food supply present in the court-yards and the houses them-
gelves. These are the conditions, therefore, which favour the
diffusion of plague throughout the villages.

2. The conditions which favour the spread of rat plague inio and
throughout tnhabited budldings.

We have already come to the conclusion that the raitus epizootic
in Bombay is directly attributable to the decumanus epizootic.
Now M. rattus is, as we have seen, essentially a house rat and to
plague in this species the whole or by far the greater part of the
house infection is due. It follows, therefore, that those conditions
which favour the coming together and meeting of M. decumanus
and M. rattus will be the conditions which are responsible for the
spread of plague into buildings, while those conditions which favour
the existence of M. raftus in the buildings will be responsible for
the diffusion of the disease throughout the buildings.

As regards the first point, namely, the conditions which favour
the coming together and meeting of the two species, we have
already pointed out that M. raltus and M. decumanus in Bombay
are closely associated with each other in gullies, on the lower floors
of houses and in godowns, which localities appear to be their common
meeting ground. It is evident, therefore, that the gully system
of drainage, the unsubstantial character of the foundations and
plinths of buildings, which render the latter easy of access by
rats, the presence of godowns, stables, ete., on the ground floors of
buildings, are the conditions which are mainly responsible for
the spread of plague into the buildings.

In the case of the Punjab villages the same conditions, which
we have seen favour the diffusion of the epizootic through the
village, namely, the elose aggregation of the houses, their mud
walls and floors, etc., favour its entrance into the houses.

Passing on to the second question, namely, the diffusion of the
epizootic throughout the buildings, we find present in all Indian
houses conditions’ which are eminently favourable for the exis-
tence of Mus rattus.

The structure of the houses does much to favour this species.
The flimsy walls and floors, the mud walls of the Punjab village
house, the country-tiled roof, the general condition of disrepair,
all offer attraction and afford good shelter to Mus rattus. But
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as important, if not more so, are the conditions which depend
upon the habits and customs of the people themselves.

In the first place, the natives of India are universally
indifferent to the presence of rats in their houses and in some
instances go so far as to protect them from molestation,

In the second place, the people are in the habit of filling their
houses with all kinds of useless articles and accumulations of
rubbish. Small lofts are improvised with planks or bamboos,
and in these lofts are stored all kinds of odds and ends, such as,
earthenware and brass jars, pieces of matting, firewood, old clothes,
ete, In the interior of the houses, therefore, there are
splendid shelters and breeding places for the house rat.

In the third place, the food supply is abundant. The supplies
of raw material, grain, seeds, ghee, etc., are stored in wooden chests,
earthenware pots, ete. (in the case of the Punjab houses thers are
gpecial grain receptacles), all of which are easily accessible to rats.
The food is cooked and eaten in the room off plantain leaves or
brass platters placed on the floor, neither tables nor chairs being
used.

As an illustration of the influence of the habits of the people
and the conditions resulting therefrom on the spread of plague
inside buildings, we may with advantage instance the case of the
Improvement Trust chawls, to which passing reference has already
been made. These chawls, 16 in number, were built recently
by the Bombay City Improvement Trust and, in fact, some of them
had only just been occupied before the plague epidemic of 1906
began. The walls are golidly built of brick and are supported
on high, solid, masonry plinths. The floors are of concrete or
patent stone and the roofs of flat Mangalore tiles. The verandahs
and corridors are also paved with concrete and are wide and airy,
the lighting and ventilation of the whole building leaving nothing
to be desired. There are no gullies, and excellent water closets
are provided. In short, the buildings in themselves offer no
shelter to rats. In spite of this M. raftus is common in the houses.
It is further certain that the rat infestation of the buildings is
entirely due to the habits of the people in the matter of the dis-
posal of their household belongings and food stores as described
above. In the plague season of 1906 these chauls were so badly
infected, that the people had to evacuate and live in huts made of
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bamboos and matting built on an adjoining piece of vacant ground.
They have a population of about 4,000 ‘and no fewer than 57
cases of plague occurred amongst the inhabitants, It may be add-
ed that at the time of the epidemic in the chawls there was a
considerable mortality amongst the rats, several of which on
examination were proved to be plague infected.

C.—INCIDENCE OF PLAGUE ON DIFFERENT CLASSES OF THE
COMMUNITY.

It has been the general experience in India of all plague
workers that the incidence of the disease is not so great amongst
the well-to-do classes as amongst the poorer population.
Europeans are practically exempt, The Commission’s experience
bears this out, and certain statistical data which they
collected are in harmony with it.. The explanation is not
far to seek. The description of the houses and habits of the
people which we have given above apply only to the poorer
classes. As the people“rise in the social scale, their houses
are of better structure and, more important still, their mode of
living becomes more like that of Europeans. The compounds
of the hofises are kept clean and the household rubbish which
accumulates is relegated to a godown. There is, therefore,
little or no shelter or attraction for rats. Further, the people
themselves, like Europeans, show much aversion to live in
association with rats. It can, therefore, be readily under-
stood that the houses of the well-to-do Indiansin a oity such
as Bombay, as well a3 the houses of the Europeans, do not harbour
anything like the number of rats which are to be found in the
houses of the poor population. It would appear, in consequence,
that the explanation of the fact that the incidence of plague is
much greater on the poor population than on the well-to-do Indian
and European is ultimately to be found in the different conditions
in which they live and in their different habits.
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Parr VI—THE RECURRENCE OF PLAGUE IN HOUSES
IN SUCCESSIVE EPIDEMICS.

It has often been alleged that infection may persist in a house
or in a locality apart from rats and that plague tends to recur in
certain houses in successive epidemics. It has generally been
assumed that the plague bacillus is able to live for long periods
in soil, and that infection may lie latent there until the next
plague season, when it breaks out afresh in a virulent form.
Associated with this assumption is the idea that the conditions in
certain houses are especially favourable for the persistence
of infection, so that the inhabitants of these houses are attacked

by plague year after year,

The evidence -obtained by the Commission is quite against
this view.

In the first place, all experiments show that the plague bacillus
very soon dies in goil ; it seems to have no existence in nature
outside an animal body.

In the second place, a number of houses in Bombay which were
plague infected during the epidemic of 1906 were experimentally
investigated at regular intervals during the period of one year, but
no evidence of the persistence of infection in any of them was ob-
tained nor did plague occur in them during the subsequent season.

In the third place, the question was investigated by the stat-
igtical method, both in the Punjab villages and in Bombay City.
The results obtained in the former are worth detailing.

An attempt was made to determine whether hounses in Dhund
and Kasel which were infected in one epidemic were especially
liable to be again infected in any subsequent epidemic. All parti-
culars of the incidence of plague in houses during previous epidemics
were ascertained and lists of the houses in which plague cases had
occurred were prepared for each epidemic. Table 1 shows the total
number of occupied houses and the number of houses infected in
each epidemic, for both Dhund and Kasel. Table 2 shows the
_actual number of houses which were infected in one epidemic only,
in any two, in any three and in all four epidemics ; while Table 3
gives the figures, which have been calculated from the data in



78

Table 1, showing the probable number of houses which would have
been infected in 1, 2, 3 and 4 epidemics, on the agsumption that the
houses were equally liable to infection throughout all four epi-
demics,

The close correspondence between the actual and calculated
figures suggests that the assumption on which the latter figires
were worked out is a legitimate assumption or, in other words, that

plague showed no tendency to recur in houses during successive epi-
demics. '

Similar results were obtained in Bombay, so the epidemiological
evidence supports the experimental in showing that infection does
not persist in & house apart from rats and that there is no such
thing as a “ plague house,” in which the disease is liable to recur
in successive epidemics.

Tasre I

Showing the total number of occupied houses and the number of
houses infected in each epidemic in Dhund and Kasel.

No. oF HOoUSES INPECTED,

Total No, of -
Village. occupied
houses, In first Ingecond | In third In fourth
epidemlc, epidemie, epidemie, epidemio,
Dhund . . 418 101 198 40 26
Kasel . .| 806 308 252 230 67
Tasre II

Showing the actual number of houses tn Dhund ond Kasel, which were
infected in 1, 2, 3 and 4 epidemics.

- No, OF HOUSES INFROTED,

Viliage,

In onepide- | In any two | In any three| In all f
. mic only. | epidemics, epidgmlc:? eglgem?c‘:f
Dhund . . 208 85 9 0
Kasel v . ' 383 169 43 2
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TasLe III

Showing the probable number of houses which would have been
infected in 1, 2, 3 and 4 epidemics, if all houses were equally
liable to infeciion throughout ; all epidemics calculated frowm

“Table I.
No. or H0USES INFEOTED.
Yillage,
In one epl- | In any éwo | In any three | In all four
demie only. epldemics, epidemics, epidemics,
Dhynd . . 201 73 8 0-3
Kasel . . 393 2
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Parr VIL—THE IMPORTATION OF INFECTION FROM
AN INFECTED TO AN UNINFECTED LOCALITY.

A.—Conveyance of infection by rats,
B.—Conveyance of infection by infected rat fleas.

Having excluded all probable modes of spread of infection
of plague other than the rat and.the rat-flea, we are led to the
conclusion that the importation of the disease into an uninfected
locality must be attributable solely to the conveyance of the
infection in the rat or in the rat-flea.

A,—CONVEYANCE OF INFEOTION BY RATS,

As regards this method of importation from place to place
we have already dealt with the subject of migration of rats in
general and have seen that all the evidence pointed to there being
no such thing as a general migration of rats even as a result of a
severe mortality amongst them. While this is so, it cannot be
denied that a plague-infected rat may be conveyed into an unin-

fected locality in merchandise, e.g. in hay, bales of cotton, grain,
eto. The Commission, - however, obtained no direct evidence
on this point. )

B.—CONVEYANCE OF INFECTION BY RAT-FLEAS.

Consideration of what has gone before will suffice to con-
vince the reader, that transportation of the plague bacillus in the
body of the rat-flea is not only conceivable, but under certain
circumstances a very likely contingency. Thus, it is conceivable
that infected rat-fleas might be imported from an infected to an
uninfected locality by one or other of the following means :—
(1) On the host, namely, rats, carried in merchandise, eto.
(2) In merchandise, grain, etc., the host not being transferred
with the fleas.

(3) On the person or clothing of & man, who has been in
a plague-infected house, the man himself being either
plague stricken or healthy.

(4) In bundles of clothing, bedding, etc., sremoved from a

plague-infected house.

198 C. G
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As there is no direct evidence bearing on the first two pos-
sibilities, nothing further need be said about them.

As regards the importation of infected rat-fleas by the direct
agency of man, on his person, amongst his clothing, ete., or by
bedding and such like articles coming from a plague-infected house,
the following observations have a direct bearing—

(a) We have seen that rat-fleas will under certain ecircum-
stances come on to a man and in some instances will be attracted by
him, but not feed on him for sonie time.

(b) We have seen that rat-fleas fed on man may remain
alive for two or three weeks ; also, that infected rat-fleas if fed may
remain infective for 15 days. In this connection it is important to
‘remember that experiments have demonstrated that an animal,
e.g., a guinea-pig, may pick up fleas in a plague house and still not
contract plague, while a second animal to which the fleas are trans-
ferred may develop the disease.

(¢) Rat-fleas if starved may remain alive for several days

(d) During the visits of the Commission to plague houses in
Bombay the members and their assistants often carried away
fleas on their persons and clothing, some of which proved to be rat-
fleas.

(¢) Experiments were made with bundles of bedding, cloth-
ing, ete., got from houses in Bombay in which plague cases had
occurred. Rat-fleas were taken on guinea-pigs brought in close
contact with these articles ; one of the guinea-pigs died of plague
with a bubo in the neck, and a rat-flea which was dissected had
abundant plague bacilli in its stomach contents.

Tn this connection it is to be remembered that a plague-infected
house may contain a very large number of infected rat-fleas.

(f) Histories of the probable importation of plague into an unin-
fected village in the Punjab by human agency are common.
Thus, in a district in the Punjab in which this question
was carefully investigated in 80 per cent. of the infected villages
there was a clear history of probable importation by men coming
from infected localities.

(9) Some observations made by the Commission in the outly-
ing villages of Bombay are worthy of reference in this connection—

(1) Inthe case of SionKoliwada village, enquiries showed that
the origin, of the rat epizootic was probably due to the
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importation of infection from an infected quarter of
Bombay on the person of an old woman who herself
did not contract the disease.

(2) In Wadhala village the first plague-infected rat was found
outside a house in which the coolies who worked for the
Commission lived. All these men worked amongst
plague-infected rats and fleas at the laboratory and
two of them likewise assisted in the work in Sion,
which at that time was badly infected.

(3) An old woman contracted plague in a badly infected
house in Bombay City. When ill she returned to her
home in Worli village, which at that time was not
infected, Gruinea-pigs placed in her house in Worli im-
mediately after her return yielded rat fleas and one of
the guinea-pigs died of plague.

(4) A woman was brought when moribund from a badly infected
house in Bombay to a house in Parel village. She died &
few hours after her arrival. Her friends at once removed
the body, but left behind a certain amount of clothing
and bedding. Next day two guinea.pigs were placed in
the room, They yielded rat-fleas and one of them died
of plague. There was no plague at this time in the
neighbourhood of the house.

We have already pointed out that an imported plague case
may seem to be the start of the epidemic in an uninfected locality.
The connection is now clear.  The sufferer from plague imports on
his person, in clothing or in bedding, etc., infected rat-fleas from the
house where he was infected. These fleas at once take to their
natural host, the rat, and thus start the disease amongst these
rodents. As the mortality amongst the rats begins in the vicinity
of the house occupied by the imported case, the human cases will
also begin in that neighbourhood, It is of course apparent that
a healthy man may act in the same way as a plague case and may
bring infected fleas from an infected locality, and also that
bedding, clothing, etc., may do so.

In conclusion, then, we may state that all evidencé points
to the usual method of the importation of plague from an in-
fected to an uninfected locality being by means of infected rat-
fleas and to the fleas being brought in by human agency, namely, by
healthy men, by plague cases or in their belongings.

a2
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Parr VIIL—THE RECRUDESCENCE AND SEASONAL
PREVALENCE OF PLAGUE.

A.—The existence of the plague bacillus in nature during the non~
epidemic season.

1. A saprophytic existence of the bacillus in the soil.
2. The existence of the bacillus in man.
3. The existence of the the bacillus in the rat,
B.-~The factors which influence the rise and fall of the epidemic.
. 1. Temperature.

2. The number and susceptibility of the rats,
3. Variation in the number of fleas.

© C.—Conclusion.

The most striking feature of plagne epidemics is their seasonal
prevalence. In places where plague has once become established
the epidemic period, lasting as a rule about three months, tends to
recur always at the same season of the year. Now, we have
already seen that, as far as epidemics are concerned, plague depends
solely upon the transmission of the bacillus from rat to rat and
from rat to man in both cases by the rat-flea. In the light of this
well-established fact we must seek for an explanation of the phe-
nomena of recrudescence and geasonal prevalence. A little con-
sideration will show that two distinet and separate problems
are involved, namely :—(A) how the plague bacillus conti-
nues to exist in nature during the non-epidemic season, and
(B) the factors which govern the rise and fall of the
epidemic.

A.—THE EXISTENCE OF THE PLAGUE BACILLUS IN NATURE
DURING THE NON-EPIDEMIC SEASON.

With reterence to this problem we have to consider three pos.
sibilities, namely— ‘

(1) A saprophytic existence of the bacillus in the soil.
(2) The existence of the bacillus in man.
(3) The existence of the bacillus in the rat.

1. A saprophytic existence of the bacillus in the soil.

We have already seen that the work of the Commission defi.
nitely shows that the plague bacillus does not survive in soil or on
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floors for any length of time. It was found that the longest period
that floors remained infective after gross contamination was 24
hours.

In short, all experimental evidence, which need not be again
detailed, proves that there can be no question of a continued exis -
tence of the bacillus in the soil.

All the epidemiological facts accumulated by the Commission
point to there being no such thing as soil infection,

2. The existence of the bacillus in man. ]

We have already pointed out that human plague is dependent
upon plague in the rat, and that the only way man becomes in-
fected is by the bacilli being conveyed to him from the rat by the
rat-flea. There is no evidence that infection is ever carried from man
to rat, although the possibility of this oceurring cannot be denied.
Cases of human plague which occur in the off-season must, therefore,
be dependent upon acute plague in rats. This correlation was
shown to be present in Bombay City during the off-plague season.

Again, there is no evidence that man harbours the bacilli after
he has recovered from the disease or while he is not a sufferer.
All the evidence, in fact, is against such a contingency.

These considerations, therefore, would negative the view, that
man was in any way responsible for the bridging over of plague
epidemics, \

3. The existence of the bacillus in the rat.

In Bombay City it was found that the period between the
epidemics was bridged over by cases of acute plague amongst the
rats, accompanied by a few cases in man. There was never a
week in which acute rat plague was not present,

In the case of the two Punjab villages no rats were found in the
non-epidemic season suffering from acute plague nor did any
human plague cases occur. While this is so, a considerable number
of rats were caught alive, which, although apparently in good
health, harboured living and virulent plague bacilli in chronie
abscesses. It is to be carefully noted that these chronic plague-
rats inasmuch as the bacilli are shut up in abcesses, where fleas
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cannot possibly get at them, are per se of no importance in spread-
ing the infection. After a careful study of this condition the
Commission came to the opinion that there was no reason for
believing that chronic plague in the rats, as it occurs in the Punjab
villages, possesses any significance in the seasonal recurrence
amongst the rats of the infection in an acute form,

While this is so, in the off-plague season in the Punjab there
are always plague cases occurring every week in some district or
other, In the year 1905 the smallest number was 129 in one
month, namely, September. Tt is certain also that the
number of these cases is greater and their distribution more
widespread than comes to the knowledge of the officials. Now, we
have already come to the conclusion that, if human plague cases
are occurring, acute plague amongst the rats must also be present.
It is also probable that acute rat plague might be present and still
no plague cases appear among human beings. That acute rat-
plague does not exist in all the villages in the off-season is shown
from the observations in Dhund and Kasel. That it does exist in
some villages, that it is widespread over the Province and that
the districts where it is present vary in different off-seasons, are
facts graphically shown by a series of weekly maps depicting
the distribution of human plague cases in the Punjab from July
to Qctober (the non-epidemic season) in various years.

We can conclude, therefore, that the plague bacillus exists
during the non-epidemic season in the rat, giving rise to acute
rat-plague and being carried from rat to rat by the rat-flea,
the epizootic, meanwhile, being kept in check by the factors which
we are now about to consider. This conclusion holds good both for
large citiessuch as Bombay and for provinces such as the Punjab.

We may now consider the second problem namely—

3,—THE FACTORS WHICH INFLUENCE THE RISE AND FALL OF THE
EPIDEMIC. '

Granted the presence of acute rat-plague during the non-
spidemic season and the dependence of human plague on rat
olague, it is evident that we have now to enquire into the factors
which influence the rise of the diseasee among rats and its fall after it
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has reached & climax. If we can find an adequate explanation o
these phenomena, it is clear that in the case of a city like Bombay
we shall have answered satisfactorily the questions we set ourselves,
but that in the case of a province like the Punjab, where the
villages are scattered and where acute rat plague is present during
the off-season in only a comparatively small number of them,
simultaneously, we shall require in addition to explain the diffusion
of the infection during the rise of the epizootic from the foci where
acute rat plague exists at the beginning of the epidemic season.

Let us then consider the factors which influence the rise and fall
of the epizootic, when the disease is present amongst the rats.
These factors have been shown to be as follows,

1. Temperature.

(2) A high mean temperature, .., 85°F, and over, affects the
fate of the plague bacillus in the stomach of the flea. At this
temperature fewer successful transmissions from animal to animal
are obtained and, besides, the flea does not retain its power of
infecting nearly so long as it does at a lower temperature, i.e.,
70°F. At the higher temperature the plague bacilli disappear from
the stomach much more quickly than at the lower temperature.

(b) While a mean temperature, high In comparison with
70°F., has no effect on the number of plague infected rats
which contain bacilli in the blood at death, at a low mean
temperature, such as 50°F., the number of infected rats that
die hefore bacilli appear in the blood is much greater than at
the higher temperature, s.e., 70°F.

(¢) Temperature may have an influence on the prevalence of
fleag in nature. It has been shown that a high temperature
affects the breeding of fleas to a considerable extent. It appears
not only to restrain the adult from depositing eggs, but also to
deter the development of the eggs into larvae,

(d) Finally, from a study of the climatic conditions and
epidemic plague in six places in India it appears that plague
cannot exist in epidemic form in any place when the daily mean
temperature is high, /.., 85°F. and over. In some places the rise
of the mean temperature to this degree and the fall of the
epidemic coincide, while in other places, e.g., Belgaum and Poona,
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the epidemic subsides when the mean temperature is mosts surtable,
namely, about 70°F. Another factor or factors must, in these
instances, be in operation in ¢ausing the decline of the epidemic.

In the Punjab during the winter months a low mean temperature,
such as 50°F., inasmuch as it diminishes the number of infected rats
which contain plague bacilli in their blood at death, may be a
factor in limiting plague outbreaks.

We find, therefore, that the epidemiological facts are in
harmony with the experimental data, as far as temperature is
concerned. :

2, The number and susceptibility of rats.

There is evidence to show, that a plague epizootic diminishes for
the time being the total rat population of a place. There is also
evidence to show, that the effect of a plague epizootic is to increase
the proportion of immune to susceptible rats. It is evident that
these two factors would have an influence in limiting and in bring-
ing to an end plague amongst the rats,

Again, it was found both in Bombay and in the Punjab that
breeding of rats goes on all the year round, but that it is especially
vigorous during the season between the end of one epizootic and
the beginning of the next. During this interval there would, there-
fore, be added to the rat population a, large number of young
susceptible individuals, a factor which would evidently influence
the rise of the epizootic.

3. Variation in.the number of fleas.

It is not only & priors certain, but it has also been experimentally
proved by the Commission, that the rate of progress of a plague
epizootic is in direct proportion to the number of fleas present.
The questions, therefore, to be answered are ; (a) Is there in nature
a seasonal variation in the number of rat-fleas ? and (b) if 8o, does

it correspond to the rise and fall of the plague epidemic ?

The Commission have obtained answers to these questions
In Bombay and in the Punjab it was found that there is a
very definite seasonal prevalence of rat-fleas, And it was further
found that the plague epidemic season corresponds with the
greatest prevalence of these fleas, while in the months when plague
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is at its minimum the fleas are fewest in number,  Na direct
evidence was obtained to show what factors are concerned in this
variation in the flea prevalence, except the few temperature experi-
ments already mentioned.

Other factors which might possibly influence the seasonal
prevalence of plague have been considered, but no evidence could
be obtained that they came at all into play. These factors were;
(a) other climatic conditions, such as rainfall and humidity ;
(b) variation in the virulence of the plague bacillus; (c) influence
of climatic conditions on the life history and habits of the rat or on
the life history and habits of the flea or on the habits of man.

We may in conclusion of this part of our subject sum up as
follows :—

The rise of a plague epizootic depends upon ;

(a) a suitable mean temperature, something below 85° F.;
-(b) a sufficient number of susceptible rats; and (c) a
sufficient number of rat-fleas.

The fall of a plague epizootic is determined by some one or all
of the following factors :—

(2) a high mean temperature, 86° F. and above; (b) a dimi-
nution in the total number of rats and an increase in

the proportion of immune to susceptible animals; and
{c) & diminution in the number of rat-fleas,

C.—CONOLUSION.

As we have throughout insisted on the fact that the epidemic
is wholly dependent upon the rat epizootic, it is now evident that
our conception of the seasonal prevalence of human plague in a
city such as Bombay is complete.

In the case of a large Province with scattered towns and villages,
in only a few of which the disease persists simultaneously in the off.
geason as acute vat plague, we have still to explain the outward diffu.
sion from these centres during the rise of the epidemic. Granted that
the factors, which, as we have seen, govern the seasonal prevalence
of the disease, are favourable, we have only to seek for some easy
and ready method of importation of the infection from village to
village, in order to arrive at an explanation of this diffusion. We
have already ~onsidered this ghestion of importation and have
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come to a very definite conclusion on the subject, which need not
now be repeated. The conception that importation from village
to village—villages which had been infected in previous epidemics
and villages which had never been infected before—is the determin-
ing factor, in addition to the factors already considered, in the rise
of the epidemic in a province such as the Punjab receives further
support from the following considerations : —

(1) First, importation is the only way in which a village first
becomes mfected. If a village becomes infected in
this way to begin with, why not a second and a third
time ?

(2) Secondly, the work of the Commission shows definitely
thdt importation is not only possible but extremely
probable, It shows that it is the only possible way
by means of which the villages in the neighbourhood
of Bombay become infected year after year.

(3) Thirdly, a careful study of a Punjab district has shown
that a history of possible importation could be obtained
in 80 per cent. of the villages which became infected.

The question of how importation is brought about has already
been considered and need not now be entered into, except to
remind the reader of the conclusion that it is dependent solely
upon the conveyance in different ways of infected rat-fleas from
place to place.

Our conception of the causesof the recrudescence and of the
seasonal prevalence cf plague in a large area like the Punjab may,
therefore, be stated as follows : The non-epidemic seagon is bridged
over by acute rat plague accompanied by afew human plague cases
in the towns and villages, the disease being kept in check by one
or other of the factors which, as we have already shown, act in
this manner. When the conditions which are suitable for the rise
of the epizootic become established, the disease rapidly increasesin
the places where at that time it was present as acute rat plague
and then spreads outwards from these foci by the conveyance of
infected rat-fleas from village to village, these fleas being the
staiting point of the rat epizootic in the uninfected villages. The
decline of the epidemic is determined by one or more of the
three factors we have already mentioned.
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Part IX.—GENERAL CONCLUSIONS.

1. Pneumonic plague is highly contagious. It is, however,
rare (less than 3 per cent. of all cases) and plays a
very small part in the general spread of the disease.

2, Bubonic plague in man is entireiy dependent on the
disease in the rat.

8. The infection is conveyed from rat to rat and from rat to
man solely by means of the rat-flea.

4. A case of bubonic plague in man is not in itself
infectious,

5. A large majority of plague cases occur singly in houses.
When more than one case occurs in a house, the
attacks are generally nearly simultaneous.

6. Plague is usually conveyed from place to place by imported
rat-fleas, which are carried by people on their
pexsons or in their baggage. The human agent not in-
frequently himself eseapes infection. -

7. Tnsanitary conditions have no relation to the occurrence,
of plague, except in go far as they favour infestation
by rats.

8, The non-epidemic season is bridged over by acute plague
in the rat, accompanied by a few cases amongst
human beings.
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