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PREFACE

Our experience of teaching Indian post-graduate students during
the last seven years is that there is hardly any subject about which
they are so ignorant as that of dysentery. It is clear that the tremen-
dous advances In our knowledge of the subject which have resulted
from the work of the War and post-War years have not as yet been .
generally incorporated in the teaching of medicine in India, and the
old and erroneous belief that most of the dysentery of India is of ameebic
origin 1s still generally held.

In order to try and present to the medical profession in this country
a general résumc of the present-day knowledge of the subject, accordingly,
‘we published a small paper-covered brochure on it in 1924. The edi-
tion of this was exhausted early in 1927. In October 1927, the junior
author was asked to deliver the Burdwan Lectures early in 1928 at the
Ronaldshay Medical School, Burdwan, Bengal, and chose ‘ the dysen-
terles of India’ as hig subject. The preparation of these lectures
afforded us a most welcome opportunity to entirely re-write our pre-
vious publication, and to expand it into the present volume. We trust
- that 1n the present -volume we have succeeded in presenting to the
medical practitioner in India a comprehensive yet brief account of the
subject 1n all its phases. |

Frankly, this book is a compilation, and chiefly taken from other
sources. We have borrowed very largely and extensively, and desire
to make the fullest acknowledgment of having done so. Amongst other
sources we have borrowed from Manson-Bahr and Marrian Perry’s
article on bacillary dysentery in Byam and Archibald’s Practice of Meds-
cine 1n the Tropics ; from Dobell and Low’s articles on amoebiasis and on
balantidiosis in the same volume ; from Manson-Bahr’s very fine article
on sprue In Vol. III of the same work ; from Dobell’s Amabe lLiving in
Man ; from Fletcher and Jepps’ Dysentery in the Federated Malay



viii PREFACE.

States ; from Andrewes’ account of bacillary dysentery, and that of
ameebic dysentery by Dobell and Harvey in History of the Great War,
Medical Services, Pathology ; from Manson-Bahr’s article on dysentery
in History of the Great War, Medical Services, Diseases of the War. To
these and to other authors from whom we have borrowed, we owe an
apology ; we trust that they will realize that our motive has been the
desire to quote from authoritative and unimpeachable sources, for there

has been far too much erroneous teaching on the subject in the past
in India.

It we have committed piracy frankly in the text, we have done even
worse with regard to the illustrations. It may surprise our readers
that, working as we are in Calcutta, we have been unable to provide
original illustrations to this book. But the patients admitted to the
Carmichael Hospital for Tropical Diseases attached to the Calcutta
School of Tropical Medicine are for the most part middle class Bengalis ;
deaths {rom dysentery are very rare indeed among them, and post-
mortem examinations impossible to secure, owing to the refusal of
relatives. Major G. Shanks, 1.m.8., very kindly placed at our disposal
the collection 1n the Pathological Museum of the Calcutta Medical
- College, but, on going through it, we found that much of the material
was old, preserved in spirit, and somewhat shrunken, whilst some of
it was wrongly labelled, owing to the erroneous views as to the great
prevalence of amoebic dysentery which formerly prevailed.

Accordingly, we again had resort to the best sources of which we knew.

We owe a ‘debt of gratitude to the firm of Johann Ambrosius Barth
of Leipzig for their very generous permission to reproduce the figures
in Plates I and II, which are taken from the splendid Atlas Tropischer
Darmkrankhevten by Dr. Gustav Baermann and Dr. Otto Eckersdorff,
published by them in 1913. In reproducing-these plates we have had
to reduce the originals very considerably. Above all we are indebted
to Dr. Wilham Fletcher, m.n. (Camb.), formerly of the Institute for
Medical Research, Kuala Lumpur, and now Secretary to the Colonial
Medical Research Committee, for his immeasurable kindness in permit-
ting us to reproduce illustrations from the splendid plates by himself
‘and Miss Jepps in Dysentery in the Federated Malay States, published in
1924 ; also to Dr. A. Neave Kingsbury, Director of the Kuala Lumpur
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Institute for his permission as Director of that Institute to borrow
from its publications. Also to Messrs. John Bale, Sons and Danielsson
for the loan of blocks. Further, our most grateful-thanks in the same
matter are also due to Mr. Clifford Dobell, r.r.s., Protistologist to
the Medical Research Council, National Institute for Medical Research,
Hampstead, London, and to Messrs. Baillitre, Tindall & Cox. Our
thanks are also due to Mr. E. H. W. Flemming, Assistant Radiologist,
Carmichael Hospital for Tropical Diseases, Calcutta, for six of the
skiagrams herein reproduced.

In studying the literature on the dysenteries of India, it is sur-
prising to note that almost all the work done on this subject has been
that of individual and isolated workers, notably Timothy Lewis and
D. D. Cunningham in the very early days, more recently Sir Leonard
Rogers, F.r.s. and Lieut.-Col. J. Cunningham, rm.s. Although
dysentery 1s the third most important cause of mortality in India, yet
the disease has never been the subject of any organised research conimis-
sion. It 18 probably this fact which is chiefly responsible for the
backward state of knowledge of the subject by the medical profession
in India. If the publication of the present volume does anything to
help our brother medical men in India, we shall be only too gratified.

CALoUTTA SCHOOL OF TROPICAL MEDICINE & HYGIENE, H. W. A.
st Marck, 1928. R. K.
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CHAPTER I

Dysentery in India. Morbidity and Mortality. Seasonal Incidence.
The term *dysentery.” Causation. Relative Frequencies.

PERHAPS in 1o field of therapeutics in India to-day 1s treatment more random
and less satisfactory than in the treatment of dysentery—a problem which con-
stantly faces the medical practitioner in India, and whose solution cannot as yet
be said to be entirely satisfactory. Yet the years of the Great War and the
post-war ycars have seen so many additions to our knowledge of the subject
that it is time that these lessons were incorporated in the general body of medical
practice in India. That such knowledge has not yet been properly appreciated
i India is shown by the almost universal and entirely erroneous use of emetine
in cases of bacillary dysentery in India—a line of treatment which may inflict
irreparable damage ‘upon the patient’s cardiac mechanism, but which cannot
alleviate his symptoms.

The Morbidity and Mortality due to Dysentery tn India.

The amount of morbidity and mortality due to dysentery in India is a
fact which we do not think that the medical profession in this country has
as yet fully realised. In order to arrive at somo approxunation to the true
state of affairs we have analysed the figures given in the last six avallable
Annual Reports of the Public Health Commissioner with the Government  of
India. -

Table I shows the adwmissions and deaths per mifle for the six years 1919-
1924 from dysentery, colitis and diarrheea in (a) the British Army in India; (b)
the Indian Army; (¢) the jail population in India (including the Andamans) ;
and (d) the general civilian population (death rate only). Tt will be seen
at once from this table how important are these diseases as a cause of
morbidity ; the admission rate is 40'6 per mille for the British Army, rises to
46’5 per mille for the Indian Army, and in jails accounts for the very high

K. DI . ' 1
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TaepLg 1.

Combined dysentery, colitis and diarrhea. Admissions and deaths per mille.

m

BrIiTIsH ARMY. | INDIAN ARMY. JATILS. Pn?*ll.rﬁ;gﬁ.
Vear o o
i?ﬂ?ﬁ’ Deaths, i?ﬂr?; Deaths. i?ﬂn;f' Deaths. Deaths,

1810-1914 .| 338 | o022 | 335 | o014
1915 .. | 446 | 033 | 508 | 046
1016 .. .o 485 | 0556 | 501 | 040
r1~-9|11; . o] 501 | 0382 | 476 | 048
1918 .. | 492 | 030 | 584 | 045
1919 .. - .| 856 | 098 | 659 | o030 | .. y 122
1920 .. .| 489 | 018 | 491 { 018 | 890 | 803 0-92
1921 .. ..y 424 | 015 | 547 | 038 | 886 | 241 0-95
1922 .. . 229 | 010 | 382 | 0928 | 928 | 4090 074
1923 .. .| 248 | 013 | 332 | 017 | 76 | 245 | 077
1924 .. | 264 | 014 | 300 | o004 | 684 | 105 | 0'95

Averages .. 406 0256 46°5 (28 | 83-3 279 093

admission rate of 83:3 per mille. Mortality is relatively less important, the
figures being 025 per mille for the British Army, 0-28 per mille for the Indian
Army, but reaching the high figure of 279 per mille for the jail population.

In the ecivilian population the figure is at a fairly constant level of about 1 per
mille, |

Table IT shows the relative importance of dysentery as a cause of death when
compared with other diseases in India. If we take the figures for the different
groups respectively, the mortality from malaria per mille in the British Army works
out at 048, that from respiratory diseases at 0-89, that from dysentery and diar-
theea at 0°16, that from cholera at 010, whilst the figure for plague—0-01—is
insignificant. In other words in the British Army in India dysentery is the third
most important cause of deaths, and of greater importance than cholera. In the
Indian Army the figures are closely parallel, with the exception of deaths from
respiratory diseases— chiefly pneumonia, which is of very great importance in this
community. The death ratesare: from respiratory diseases 402 per mille, from
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malaria 055, from dysentery and di&rrhtéa 017,

plague 0°10.

TasLg I1.

3

from cholera 0°15, and from

Relative Mortality per mille from different diseases.

_____-——l_qm“____

I. Malaria,

1919

1820 .o

1921 .o

1922 .o

1923 ‘o
1924

Averages

Il. Resptralory diseases (in-
cluding pulmonary tuber-
culosis, prneumonia and

other).
.1919
1920
1921
1922
1923

1924

Averages

iy | Ky | s | p Ol Rewass
074 0-54 1-06 * 22-93 | * ‘ Fevers’ {exoluding
plague).

0-42 0-48 111 * 20:68 .o
095 060 0-88 * 19°72
043 058 1:00 * 15-28 ‘e
027 0-69 1-01 * 15°36
0-24 0-44 1118 * 16+69
0-48 0-55 104 | * 1844

.’ 1-40 527 766 147
096 511 7+26 1-40 .
1-13 461 7-21 1-38 .
0-71 3:37 673 120 cors
043 270 633 1:23 ceee

- 068 3-05 673 1-38 .o
089 | 4-02 899 ' 1:34 :
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TarrLe II.—Conid.

European | Indian , Civil ,
Army. Army. Jails Population. : REMARKS.
171, Dysenlery and (Dysentery
Diarrheea. oniv.} No
diarrhces
recorded,
1919 0-28 019 8-05 1-22
1920 016 013 320 (0-92
1921 015 0-31 241 0-95
1922 008 021 4-51 {-i4
1923 013 0-13 2:45 077
1924 0-14 004 1-95 0-95
Averages 016 0-17 343 0-92
1V, Cholera.
1919 019 034 1-21 2:43
1920 0 0-02 016 0-65
1921 (-39 {46 (-49 187
1922 0-02 003 0-48 0-50
1923 0 001 005 030 |
5.
1924 O o002 011 1-22 |
Averages 010 015 0-41 1'14
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CHAPTER 1.

I
| EE:;P;?“ J E;f;f’; Jails. | p ﬂpﬂ’ﬁi on. REMARKS.
V. Plague, |
1919 0 009 004 0+31
1920 0 0+08 0-01 042
1921 001 005 © 005 0-29
1922 0-03 0-08 0-05 032
1923 o | o013 0:02 0-95
1924 002 | 0-17 001 1:50
|
Averages -0-01 : 0-10 0-03 J G-63

In the jail population, despite every possible sanitary measure, careful super-
vision and skilled medical attendance, dysentery becomes a problem of paramount
importance, being the second most important cause of death among this population.
The figures are : for respiratory diseases 699, for dysentery and diarrhoea 343,
for malaria 1'04, for cholera 0°41, and for plague 0-03. The very high figure for
dysentery and diarrheea in this community is probably due to conditions of crowding,
and to dysentery éarriers among the jail cooks. Tt not infrequently happens that
a given prisoner appears to be weakly, when he is actually a chronic dysentery
carrter. He is taken off all heavy labour and put into the cooks’ gang for
hght work, and this may lead to an outbreak of epidemic dysentery in the jail
concerned.

In the general eivilian population, dysentery for all-India is nearly as important
a'cause of death as chdlera. The figures are : for * fevers *—it being impossible on
the records to separate the mortality from malaria from that due to other fevers—
18-44 per mille, from respiratory diseases 1:34—a figure which is probably well
below the actual, from  cholera 1'14, from dysentery and diarrheea 0°92, and from
plague 0°63, | -

In Table II the combined figures for dysentery and diarrhoea are given, since
in the returns for the civilian population it is tmpossible to sort out the returns
for diarrheea from those for dysentery. In the British Army in India, the
Indian Army, and the jail population, who are all under skilled medical super-
vision, however, the returns are given separately, and the figures are fairly reliable

with regard to the different incidence for the two complaints., These returns are
analysed mn Table III.




1919
1920
1921
1922
1923

1924

R s asm rede e

Dysentery versus Diarrh@a. Admission and Death Rates per Malle.

TasrLe 1II.

EUROPEAN ARMY. = | INDIAN ARMY. JAILS.
[
DYSENTERY. DIARRH@EA. DYSERTERY. Ipmnnnm;. DYSEXTERY. | DIARRH®EA.
Admis- Admis- Admis- Admis- } Admis- | Admis-
BlOoNs. Deaths. 81008, Deaths. s1ons. Deaths. alons. Deaths. 810N8. Deaths. S10N 8. Deaths.
14-2 0-28 31-1 0 10-5 018 206 0-01 778 | 46 54-1 1-29
i
10-1 0°16 325 0 61 012 14-9 | 0-01 505 256 385 0-67
|
12-1 0'15 26-2 0 137 0-30 905 | 001 | 499 1-91 387 050
9-5 0-08 10-8 0 - 85 0-18 157 003 578 409 350 042
' |
13-2 0-13 82 | 0 7:3 013 13-6 0 486 2-08 29-() 037
i
|
11-4 | 014 , 110 | o0 : 656 | 004 12-2 0 41-2 1468 | 272 | 027
| t - B
| |
| 17.~ nae | o ra.e | Nl g 018 149 001 54.9 DR o O-50
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A study of Table ITI shows that in the British and Indian armies admissions
for diarrheea are roughly about double those for dysentery : 19°8 per mille as against
117 for the British Army, 162 per mille as against 8'8 for the Indian Army. In
jalis, however, dysentery becomesa much more important cause of sickness than
diarrheea, the admission figures being 54'3 per mille for dysentery as against
37°1 for diarrheea. On the other hand—except in the jails—the mortality from
diarrhoea, as might have been expected, 18 a very small one. There was no
~ death from diarrheea in the British Army during the years 1919-1924, whilst in
the Indian Army the death rate from diarrhooa during these years averaged
only 001 per mille—a quite insignificant figure. In jails, however, the death
rates are very high, that for dysentery 2:85 per mille, and that for diarrheea
0:59—an unexpectedly high figure. It will be seen at once from a general study of
Table III that diarrheea, whilst a very general cause of sickness, is unimportant
a8 a cause of mortality ; on the other hand, dysentery, whilst less prevalent
than diarrheea, is responsible for almost the whole of the mortality due to both
causes. Iurther, many cases of severe diarrhea are in reality due to dysenteric
infections—infections with the bacillus of Flexner or with Fintamaeba histolytica,
chiefly.

From a general study of Tables I, IT and III, the conclusion is inevitable that
dysentery is a most important cause of both morbidity and mortality in India.
In order of importance in the mortality rate of India malaria clearly comes first
and foremost ; respiratory diseases, including pneumonia and pulmonary tubercu-
losis second ; whilst cholera and dysentery are almost equally placed for the third
and fourth places, and. both are much more important for all-India than plague.

Even this conclusion, however, does not represent the true state of affairs,
for dysentery is often a terminal fatal infection in persons suftering from
chronic malarial cachexia, kala-azar, pulmonary tuberculosis or other devitalising
diseases, and such deaths are returned as due to the primary disease, whereas
the real factor which kills “is the secondary dysentery. From Table IT we obtain
a general dysentery death rate for the civilian population of 0-93 per mille. On
‘a general population of 320 millions, this would represent approximately 297,600
deaths a year from dysentery in India. It is probably not an exaggeration to
state that dysentery kills from 300,000 to 350,000 persons a year in India.
Yet theedisease has never been the subject of any organised Commission of
enquiry in India, and since the days of Timothy Lewis and D. D. Cunningham in
Caleutta 1n 1870-71 the research work carried out on the dysenteries of India has
always been that of isolated and individual workers. There hag long existed a
large anti-plague organisation in India, whilst at present an adequate organisation
against malaria in India is being gradually built up. The question of cholera has
- been taken in hand ; yet respiratory diseases and dysentery are Indian problems
of at least as great importance to India as cholera and plague. And the neglect




] DYSENTERIES OF INDIA.

of the subject of dysentery in India is responsible for the want of knowledge with
regard to the disease among the general medical profession in this country,

Dysentery and the Social Strata.

If dysentery is a very important factor in the general mortality in India, it
1s of even greater importance in the general morbidity rate. And here there becomes
clear a very close relationship between the mortality due to dysentery and the social
status ol the patients concerned.

Since the opening of the Carmichael Hospital for Tropical Diseases in Calcutta
in 1921, the Buropean private  cabins’® in that institution have been filled by a
long series of well-to-do European patients suffering from chronic and relapsing
dysentery—usually due to an infection with the bacillus of Flexner, more rarely to
chronic amaeebic infection. Chronic and relapsing dysentery we believe to be a
matter of very serious concern to the large Furopean business firms in Calcutta.
Very few deaths occur among the Kuropean community of Caleutta from dysentery,
but: the disease causes a tremendous amount of sickness in that community ; it
Is responsible for much invalidism and for repeated and often prolonged absences
from duty. Our experience of the last six years leads us to believe that chronie
dysenteric infection is a very important cause of sickness among the general Kuropean
community in India.

The figures in Table IIT afford a means of measuring the relative case mortal-
ity from dysentery in different communities. Thus for the British Army in India,
where conditions of housing, diet and sanitation are all good, the admission rate
1s 117 per mille from dysentery, and the death rate (186, giving a case mortal-
ity rate of 1'4 per cent. In the Indian Army, where conditions are good, but
perhaps not quite so good as in the British Army, the figures are : admission rate
88 per mille, mortality rate 0°16, case mortality 1-8 per cent. In jails where
in general sanitary and dieting conditions are good; but where the population is
drawn from a low social class, and where crowding 1s prevalent, the figures are :
admission rate 54'3 per wmille, mortality rate 2:85, case mortality 53 per cent,
It 1s clear that in jails dysentery 1$ much more prevalent, is much more fatal, and
" is a far greater cause of mortality than it is among the British and Indian armies
in India. Conditions for the general civilian population are probably intermediate
between those for the Army and the Jail population respectively. .

A very instructive study of the relationship of poverty and similar factors
to the mortality from dysentery is that given by Fletcher and Jepps (1924) from the
Kuaia Lumpur Institute for Medical Research. Malaya is a country of immi-
grants, and whilst the - indigenous Malay is comparatively free from dysentery,
the mumigrant Tamil and Chinese labourers suffer from 1t very severely. Poverty
1s the chief factor in the prevalence of fatal dysentery in the Malay 8 ates, and one of
the prineipal causes of poverty 18 malaria. Numbers of the Tamils who died ol
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dysentery at the District Hospital had left the rubber estates where they had been
employed, because of malaria. Subsequently they had wandered about the country,
iving on what they could get from begging, until they developed dysentery as a
result of want and exposure, and either found their way to a government hospital or
were sent to the home for decrepit Indians by the Controller of Labour. . . . . .. When
dysentery 1s added to privation or discase, recovery 1s a still more difficult matter
and 1f a man’s large intestine has been damaged to such an extent that there is little
- Or no mucous membrane remaining, complete recovery is mpossible.....Even when
sutlicient food can be obtained, the whole digestive apparatus 1s 1n such a weakened
state that a return to normal diet means disaster and it is not uncommon for a
hearty meal to bring on « fatal relapse” The average weight of healthy Tamil
labourers was just under 112 Ib., whilst the average weight of 105 adult Tamils who
died from bacillary dysentery was only 76 1b., or 69 per cent of thelr normal
weight.

The same authors record that during three consecutive years there were only
2 deaths from dysentery amongst a population of some 5,000 KEuropeans living
in the Malay States. Among the general population for the same period there
was an average of 40 deaths from dysentery. At the General Hospital in Kuala
Lumpur a small fee is charged for admission to the third class wards, and here the
mortality amongst 1,678 dysentery patients admitted during five years was 17
per cent ; on the other hand in the District Hospital in the same town where the
patients are in poorer circumstances and pay nothing, the case mortality from
dysentery during the same year was no less than 36 per cent.

The Seasonal Incidence of Dysentery.

With regard to the geographical incidence of dysentery in India but little
needs to be sald. The disease is prevalent all over the peninsula, in every city,
town, village and hamlet. Possibly its incidence in hill stations is less than in the
plamns, but the very common hill diarrheea which is so prevalent in hill stations—
in ‘our experience—is.due to infection with the bacillus of Flexner. The junior
‘author has seen cases of acute Shiga bacillus infection in Shillong, but they were
all of very acute type and accompanied by the passage of an enormous number
of stools containing blood and mucus.

1t 15 & well known fact that the incidence of dysentery in India is much greater
during the rainy season than at any other time of the year. This is well brought,
out in Table IV and Fig. 1. These show the admissions for dysentery {only and
exclusive of diarrheed) for the British Army in India, the Indian Army and the jail
population month by month for the six years 1919-24, the figures, which are
combined together, being taken from the Annual Reports of the Public Heqlth
- Commassioner with the Governmenit of India. (The figures for the general civilian
nopulation, of course, are not avallable.)
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TasLe 1V.

Dysentery. Admissions by Months. Army and Jails. 1919-1924.
—_—

1919,
Month, British Army. Indian Army. Jails, TOTALS.
January . ‘e 64 199 627 . 890
February .. - 61 ¥ 132 612 805
March .. . 43 162 695 902
April .o .. 59 221 834 005
May ‘o ‘e 80 181 802 1,063
June .o . 68 203 867 1,138
July ‘o .o 90 207 1,276 1,673
August ‘s oo [ 49 249 1,088 1,436
September .. . 03 260 823 1,178
October ' e .o o7 227 800 1,084
November ., . B 229 811 1,097
Decomber .. ‘s 26 | 134 707 867
1920,
Mnntrl;; N British Army. Indian Army. Jails, TOTALS.
January ‘e ‘e 20 69 605 594
February o 28 | 101 376 505
March A 29 63 404 496
Apﬁl e e 29 83 394 506
May . Y 05 419 564
June - , .- ‘ 73 62 480 624
July P B 185 657 015
Avgust .. .. 84 158 748 990
‘September .. .. 71 166 802 829
Ootober . . 60 139 509 708
November ., . 26 125 454 805
December .. . 33 84 433 562
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TABLE IV.—Contd.

1921.

11

—_—

Ty

Month, British Army, Indian Army. Jails, TorawLs.
January o 27 73 386 486
February .. 26 62 279 366
March 32 02 367 491
April . 49 142 378 569
May s 7 150 408 635
June 61 124 436 621
July 83 198 839 020
August 105 473 919 1,497
September ., 87 400 742 1,229
Ooctober ‘e b5 293 bb6 9504
November .. 65 268 520 862
. December 43 133 437 613
_ 1922,
Month. British Army, Indian Army, Jails, ToraLs,
January . 29 70 836 035
February .. 4] 46 506 6593
March . 36 b4 697 687
April L 45 66 484 595
May . 39 117 877 733
June 39 66 627 732
July ‘o 4 116 831 1,021
Auguast ‘e 80 146 783 1,009
September .. 85 191 644 900
October ‘o 45 1656 597 807
November 45 116 585 726
Decal_:uber - 36 107 499 641
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TABLE 1V, —Concld.
1923,
Month, British Army. Indian Army. Jails, ToTALS,
January 24 64 384 472
February 34 46 330 410
March 31 EEI 401 4164
April 49 86 413 528
May 43 118 445 606
June 58 71 6563 782
July 81 60 638 79
August 167 156 777 1,100
September 126 145 709 083
October 86 106 611 803
November 85 104 494 684
December 47 79 4]11 537
1924,
Month. British Army. | In dian Army. Jails. Tortars,
_ [ f '
January 4] 62 395 498
- February 20 25 266 311
* March 52 52 278 382
April 35 | 76 372 483
May 52 49 413 514
June 47 46 440 533
July 50 99 620 778
August E _36 116 299 801
September | 93 08 530 721
QOctober 71 86 507 664
November 77 86 456 619
_ Decefnbcr 36 86 350 472
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Fig. 1 shows in each graph, without exception, a very steep rise in incidence
during the monsoon period—July to October—with a peak which is-in July in 1919,
and in August in 1920, 1991, 1922, 1923 and 1924. A curious feature of these
graphs is the apparent tendency for the total incidence to be greater in alternate
years ; but the very high incidence of dysentery in 1919 may perhaps be associated
with the return of dysentery carriers from the war areag after the termination
of the Great War. |

We believe that four chief factors are concerned in these graphs: viz. (@) a
more or less constant level of new infections with Entameeba histolytica all the year
round. It is possible that amcebic infections may be more prevalent during the
hot weather when the infective cysts may be blown about and disseminated by
dust, but, taking our general laboratory findings in Calcutta, we are aceustomed
to find amcebic infections at all seasons of the year. (b) A more or less constant level
of fresh infections with the bacillus of Flexner during the period November to June ;
during which period we have isolated this bacillus in cases observed in all these
months. (¢} A sudden and marked increage in the number of fresh Flexner bacillus
infections during the period of the monsoon, which is the chief—if not the only—
factor causing the steep rise of the curve jn J uly to October. These infections are
presumably water-borne ; and the rise is shown alike in the figures for the British
Army, the Indian Army and the jail population. (d) In some of the graphs,
- especially in that for 1922, a smaller peak 13 shown during the cold weather in
January. This rise is confined to the jail figures and is not shown in the figures for
the British and Indian armies. It is probably due to small eprdemics due to the
bacillus of Shiga in the Jail population during the cold weather.

That there is a close association betweon ramnfall and the incidence of dysentery
i8 a faet which has long been known. Thus Sir Leonard Rogers (1921), on investi-
gating the statisties for jails in India, concludes as follows : * The minimum dysen-
tery season occurs in the late cold weather months of January and February, in
- relationship to the minimum temperature of the year, and ig commonly followed by
a slight increase in the early hot weather month of March with the rise of the mean
monthly temperature to between 72° and 7 8°F., succeeded by a slight fall during
the very hot months of May and June, during which the mean temperature reaches
to from 94° to 96°F. The main increase in the prevalence of dysentery always
closely follows the onset of the heavy monsoon rains late in June, and thus usually
begins in July, when the mean temperature has again fallen to about 80° to 82°F.,
and reaches its maximum in August and September. This marked Monsoon rise is
only absent in the extreme North-Waest Frontier of India, owing to the rain-bear-
Ing currents not penetrating as far as this area. Lastly, the curve steadily declines
with the cessation of the rains. late in October and the fall of the temperature to
its minimum. Further, in years of excessive rainfall the dysentery curve is also
unusually high and vice versa. The above data relate to all forms of dysentery
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Fig. 1, Chart showing admissions for dysentery by months for the six years 1919~
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combined, no extensive separate figures being at present available regarding the
ncidence of the different types.’
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Chart showing rainfall in inches, Rangoon, and admissions and deaths from dysentery and diarrhoea,
If..a.ngnun General Hospital, 1927. (Original kindly lent by Lieut.-Col. J. Morison, I.M.8.) The vertical
line on June 18th represents the introduction of chlorination of the water-supply.

A very striking example of the association of rainfall with dysentery and

diarrheea is shown in Fig. 2, for which we are indebted to Lt.-Col. J. Morison, 1.M.8.
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This shows (@) the weekly rainfall in inches; (b) the total number of admis-
sions per week from diarrheea and dysentery to the Rangoon General Hospital ;
and (c) the weekly deaths from diarrhcea and dysentery in the same institution
for the year 1927. A study of the portion of the chart up to June the 18th shows
that every time a heavy fall of rain occurred there was a marked rise in the ad-
missions for diarrheea and dysentery about a weck later. On June the 18th chlori-
nation of the water-supply was introduced, with the result that the downpour of
rain on July 30th was not followed by the usual rise in diarrheea and dysentery, and
that—in place of the usnal high peak of incidence 1n August—the admission rate was
rapidly declining in that month. The same chart also shows how the curve for
death rates tends to follow the general trend of the curve for admissions at an
interval of seven to ten days later, each rise in the incidence of admissions being
followed by a nse mn the death rate a week to ten days later.

A word may perhaps be said with regard to the age necidence of the dysenteries,
In young infants entero-colitis is frequently due to the Baecillus profeus, in which
infection the stools are frequently very offensive. At a slightly later age the summer
diarrheea of mfants 15 usually due to Morgan’s bacillus ; or sometimes an infection
with the Bacillus pyoeyaneus is associated with arrheea and the passage of green
and slimy stools containing much pus. Dysentery in childhood is almost invariably
of bacillary origin, and this point 1s one to be especially noted in connection with
the infectivity of the condition. A motlier who is nursing a child suffering from a
Flexner baeillus infection and at the same time preparing the household food
may easily carry the mfection from one member of the household to another. We
have never seen amoebic dysentery in young children, and we cannot too strongly
condemn the practice of treating dysentery in children by the administration of
emetine ; these cases are almost always—if not always—of bacillary origin.

The term Dysentery .

The term ° dysentery ° 1s not the name of a disease, but of a symptom-complex,
such as asthma or bronchitis. The condition is one in which there is the passage
of frequent stools containing blood and mucus, accompanied by pain and tenesmus.
It is important to note the words  mucus’ and ‘ tenesmus ’ in this definition, since
the mere presence of blood alone in the stool is insufficient to establish the diagnosis
of dysentery. Dysentery m India 1s usually of bacillary origin, sometimes of
ameebic origin, more rarely due to a mixed infection with the Bacillus dysenterice
- and Entameaba hstolytice, and sometimes—but still more rarely—-due to an infection
with Balantidium colt. There are certain other conditions, however, which we havs
known to be mistaken for dysentery, and they may briefly be considered here.

They are as follows :—

(1) Internal hemorrhoids. In this condition bleeding and pain during
~defwcation are characteristic. The feeces are usually formed, whilst the blood
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spurts over them in a characteristic manner, and is of a bright arterial
colour. Digital examination of the rectum is sufficient to exclude this source of
error,

(2) A polypus of the rectum, situated low down, may give rise to tenesmus
with the passage of blood and mucus. Again, digital examination of the rectum—
which should be a routine matter in all cases of dysentery—will discover the
presence of a pedunculated tumour,

(3) Malignant disease of the rectum is not infrequently treated as chronic
hacillary dysentery. The growth ig generally of the fungating variety and asso-
clated with alternating periods of constipation and diarrheea. The patient usually
shows severe debility, whilst the stools. which may contain blood and mucus, are
usually very offensive. Again, disital or stgmoidoscopical examination of the
rectum will differentiate the condition from dysentery, whilst the general appear-
ance of the patient may lead to the suspicion of malignant disease.

(4) Syphilitic stricture of the sigmoid flexure or rectum is not uncommon
during the tertiary period of syphilis ; it appears to oceur more frequently in women-
than in men, and is accompanied by marked induration of the gut wall with the
formation of ulcers which bleed and suppurate easily. Digital or sigmoidoscopical
examination is here again of value, whilst the Wassermann test may be made.
In one patient—an elderly Hindu female—wecks of treatment of what was apparently
a chronie bacillary dysentery (but in which no causative organism had been isolated)
were followed by no alleviation of the symptoms.  The Wassermann test, however,
turned out to be strongly positive, and a course of treatment with novarsenobillon
led to rapid cure.

(5) Intussusception may occasion di ficulty in diagnosis, especially in young
children ; in fact acute intussusception may occur as a complication in a young
child suffering from acute bacillary dysentery. The sudden onset of the pain,
together with the development of the characteristic tumour and signs  of intesti-
nal obstruction, should he sufficient to suggest mtussusception.

" (6) Tubercular enteritis is a relatively common disease in India, and usually
affects the small intestine and cseoum. As a rule the stools are profuse and loose,
with much mueus, but little or no blood, an very oftensive. The state of emacia-
tion of the patient, the evidence of tuberculosis in the lungs or elsewhere, or the
demonstration of acid-fast bacilli in the stools by the antiformin method should
clear up the diagnosis. On the other hand 3 sccondary and usually fatal mfection
with the Boeillus dysenterie@ or the Bacillus pyocyaneus 18 not uncommon in
tubercular enteritis,

(7) Severe ankylostomiasis is rare in India, but may lead to the passage of
mucus 1n the stool accompanied by slight melena, The ansemic state of the
patient is characteristic, whilst large numbers of the characteristic ova will be
found on microscopical examination of the stools. |

K, DI | ' 2




18 DYSENTERIES OF INDIA.

(8) Mass infestation with Ascaris lumbricoides may perhaps be accompanied
by diarrheea and a muco-sanguineous discharge, especially in children. Again
the characteristic ova will at once be found on examination of the stools. KEven
In cases of true dysentery, Ascaris infection may be a complicating factor and will
then require adequate treatment.

(9) Grardia intestinalis, we believe, 18 never a cause of dysentery, whilst
the infection 1s frequently present 1n persons who are in excellent health and passing
normal stools. The evidence for pathogenicity on the part of this organism 1is
exceedingly scanty, though perhaps it may be responsible for diarrheea, especially in
children. The characteristic cysts will be recognised on exammation of the stools.

(10) The characteristic dysentery of kala-azar is usually—almost always, in
fact—due to a secondary infection with the bacillus of Flexner, and is of the nature
of a true bacillary dysentery, supervening in a patient whose resistance to infection
has been lowered by the primary disease.

(11) Acute intestinal symptoms may develop in malaria, especially in malig-
nant tertian malaria. These may be associated with diarrheea and melena,
but never with tenesmus. The condition is really of embolic origin, the capillaries of
the intestine being blocked by red blood corpuscles filled with parasite schizonts.
This leads to multiple capillary haemorrhages and the presence of traces of blood
in the stools. The characteristic rigors and vomiting and blood examination
will lead to the true diagnosis ; malaria parasites have even been found in the red
blood corpuscles in such stools on appropriate staining.

(12} Cholera may occasionally simulate acute bacillary dysentery, though
it is far more common for a hyperacute Shiga bacillus infection to be mistaken for
cholera. On miecroscopic examination of the stools in cholera abundant columnar
epithelial cells are found, whilst pus cells and blood are absent, and the whole
cytological picture 1s different from that in acute bacillary dysentery.

(13) Ptomaine poisoning, or infections with the Bacillus enteritidis or Bacillus
@rtrycke may give Tise to symptoms suggestive of acute bacillary dysentery, but
‘the short duration of the disease, the vomiting and the absence of blood from the
stools should differentiate these states from acute bacillary dysentery. A deve-
loped B. enteriditis or B. wrirycke infection resembles paratyphoid fever far more
than 1t resembles dysentery.

(14) An 1infrequent, but very curious condition, 18 membranous colitis, It
usually occurs in elderly women, and is associated with the passage of large membra-
- nous casts of the mucous membrane of the colon. We have seen a few of these
cases, but have not known the symptoms to be associated either with tenesmus
or the passage of blood. On microscopical examination the cast is found to consist
of fibrin, in the meshes of which lie innumerable pus cells, We have never been
able to isolate the Bacillus dysenterie from such casts or to discover Entamaba
 histolytica infection in such patients.
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We shall deal later with the very important question of the secondary infec-
tions In amcebic and bacillary dysentery, but sufficient has already been said to
emphasise the importance of the clinical examination of the patient in all cases
of suspected dysentery, including digital or sigmoidoscopical examination of the
rectum, as well as the microscopic and laboratory examination of the stools.

The Causes of Dysentery in India.

Of the causative agents of dysentery in India we can at once eliminate
schistosomiasis, since Schistosoma mansons is not indigenous in India. Fasciolopsis
buski is said to be very rarely a cause of dysentery, but, although this parasite
does very occasionally occur in India (e.g., 8. M. Lal, 1923 and Chandler, 1928,
p. 731) it is sufficiently rare to constitute an exceptional curiosity. Infection
with this parasite is more usually assoeciated with severe anemia and chronic
diarrheea than with dysentery. Balantidium coli infection of man occurs in
Incha, but must be considered a very rare cause of dysentery in this country.
Sinton (1923) has recorded symptomless infection with this parasite in a Pathan
prisoner in Lahore jail; whilst we have frequently found Balantidium col
infection in pigs and monkeys (Macacus rhesus) in Calcutta, and one of the
sweepers at the School of Tropical Medicine in Calcutta has contracted a
symptomless infection with this parasite, presumably as a result of cleaning out
- the cages of infected monkeys. Ramsay (1923) considers Bolantidium coli to be
& common parasite of pigs, and even of cattle, in Cachar, Assam, and that man
may mnot infrequently be infected in this area. Hermitte, Sen Gupta and
Biswas (1926) record four cases of the infection in man from Moheema, Assam,
three of them associated with dysenteric symptoms ; they found that stovarsol
was almost a specific cure for this infection. Major Shanks, r.u.s., informs us
that a fatal case of balantidial dysentery occurred in the Medical College Hospital,
Caleutta, in 1926. It is clear therefore that infection with Balantidium cols may
be a very occasional caise of dysentery in India ; also the infection seems to ocour
most commonly i the tea gardens of Assam, where the association of the tea
coolies with pigs 1s closer than that of man with pigs elsewhere in India. On the
other hand, although we have encountered Balantidium infection in man in
Mesopotamia without ' symptoms, yet, during many years of work in India, we
have not encountered the infection in man—with the solitary exception of the
sweeper referred to, and the infection must be a rare one in this country. Free-
living erhate protozoa mnot infrequently come to contaminate faeces or the saline
used in making up emulsions of faeces for examination, and are apt to be mistaken
for Balantidwum colt by the Inexperienced laboratory worker. In one case of
supposed balantidial dysentery referred to us the protozoon present was not a
Balantidium, but a free-living Chilodon aceidentally present in the stool from
extraneous sources.
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To all mntents and purposes the dysenteries of India are due to infection with the
Bacillus dysenterie, or with Entamaba histolytica, or— sometimes—with both Bacilius
dysenteriee and Entamaba histolytica in the same patient. And, of these two causes,
infection with the Bacillus dysenierie is very much the more important, for, as we
shall show later, although intestinal infection with Entamaeba histolytica is quite
corimon m man in India, it is only occasionally that this parasite 1s the actual
caugse of dysentery.

The term  dysentery ’ indeed is a bad one, and one that we should like to see
abolished, for the condition present in infections with Bacillus dysenterie and
Entamaba kistolytica is rather of the general nature of a colitis, invariably associated
with the passage of more or less mucus in the stools, but only sometimes with
tenesmus and the passage of blood.

Relative Frequencies.

Up to about 1916.it was commonly believed that most of the dysentery in
Asiatic countries was of amcebic origin. With the onset of the Great War, how-
ever, dysentery became a most important problem, especially for the British Empire,
which had armies fighting on many Eastern fronts. The pioneer work of Ledingham
(1920) m Mesopotamia however, the admirable study of dysentery in Egypt and
the Mediterranean theatres of war by Wenyon and O’Connor (1917), and above
all the splendid work of Dobell in London and Southampton, which resulted in the
publication in 1919 of his memoir The Amwbe Living in Man, and in 1921 of
Dobell and O’Connor’s Iniestinal Protozoa of Man soon showed that this view was an
entirely erronecus one. Throughout Mesopotamia and India, probably throughout
the Kast in general, bacillary dysentery is about five or six times as common as 1S
ameebic dysentery. Thus Dobell and Harvey (1923) record that of a series of cases
from different theatres of war in hospital with clinical symptoms of acute dysentery
only 6°1 per cent showed motile Entamaba mastolytica, the remaining 93-9 per cent
being judged to be bacillary, cither from the microscopical appearances of the
cellular exudate in the stool, or by the isolation of the specific dysentery bacilli.
Wenyon and O’Connor (loc. cit.) are recorded in the same memoir as having found
hacillary dysentery to be sixteen times as common as amoebic in troops in Egypt
during the period January to August, 1916. Anderson (1921), on an analysis of
figures for troops from different fronts, considers that over 90 per cent of dysentery
cases were of bacillary origin,  Mackie (1922) considers that the majority of dysentery
cases 1n Mesopotamia were of bacillary origin ; whilst Cunningham (1923) found
86 per cent of cases of dysentery in the jails of Rastern Bengal to be of bacillary
origin, and that much the same proportion held for Moplah prisoners examined
in the Madras Presidency. In the general annual reports by the Public Health
Commussioner with the Government of India it is impossible to differentiate the
figures for bacillary dysentery from those for -amcebic dysentery, but our
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experience during the last seven years in Caleutta is that bacillary dysentery is at
least five or six times as conmumon among the civilian population of Bengal as is
ambic dysentery.

Whenever and wherever an experienced laboratory worker enters the field
hus findings are the same. Thus Fletcher and Jepps (1924) on an analysis of the
causes of dysentery among 983 patients at the Digtrict Hospital, Kuala Lumpur,
record the following findings :(—

Per
cent
Bacillary dysentery proved ; B. dysenterice isolated .. . .. 65
s ' suspected ; cell exudate characteristic c oo 22
Ameebic dysentery proved ; E. histolytica present .. o .o 20
o, ,»  suspected from character of the cellular exudate 1
Cause not ascertained ; doubtful 2

In other words, bacillary dysentery constituted no less than 87 per cent of
the cases. A very interesting paper in the same connection is one by Manifeld
(1926) on dysentery as sbudied among British troops in Poona. Prior to his taking
over charge of the laboratory there, during 1924 of 92 cases of dysentery examined,
84 had been recorded as of amebic origin and only 8 as being of bacillary origin.
“Of the first 129 cases admitted after Major Manifold’s taking over the laboratory
in 1925, no less than 117 proved to be of bacillary origin and only 12 of amcebic
origin. The figures for 1924, he states, were completely erroneous, and the mistake
was due chiefly to mistaking macrophages in bacillary dysentery stools for vege-
tative Entamaba histolytica.

The Superintendent of the Central Jail, Alipore, has kindly sent us the figures
of that Jail for the last three years, and they are as follows :

Ammbic . Bacillary (,}.”Iit‘iﬂ
. " dysentery. | dysentery, d;ii%::v.
! .
1924 ‘o '_ .. . . 15 cases . 14 cages 0
]9-25 . .o .o . 17, . 27 23
1926 .. I ‘e .. 23 ,, 40 66
Torar, .. b5 g1l 89
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An even more recent record is that by Wats, Loganandan and Conquest
(1928). Their findings among British and Indian troops in the Secunderabad

Comimand werce as follows :—

Total number of cases with mucus or mucus and blood .. 404

B. dysenteriee isolated from . . .. 178 or 441 per cent.
Intameba histolytica found in - .. .. 43 or 10°6 per cent.
lixudate typical of bacillary dysentery, but B dysenterie

not 1solated co . o .. 101 or 25°2 per cent,
Exudate ndefinite ; no organism isolated . .. 82 or 20-3 per cent.

Thus, 1n this series, bacillary dysentery accounted for 69'3 per cent of the
acdmissions, and these authors remark that °the medical officer who uses emetine
or allied drugs without laboratory diagnosis would be wrong in nearly nine cases

out of ten.” *
Further, whilst we cannot definitely cstablish any seasonal variation in the

types of dysentery met with in India, yet there appears to be a definite difference
in the geographical distribution of the two infections. Amcebic dysentery is rela-
lively frequent in wind-swept dry regions, where the infective cysts are blown on
to foodstufts by hot and and winds, whilst bacillary dysentery is relatively more
common under communal and city conditions, where the population 1s more closely
crowded and where the infection consequently spreads more easily, and especially
80 where water-supplies may come to be contaminated. Further, whilst bacillary
dysentery-—and especially that due to Shiga’s bacillus—is frequently epidemie,
amoebic dysentety is never epidemic, but always endemic,

We wish that we could bring home to the medical profession in India the much
greater prevalence of bacillary than of amebic dysentery, for therapy—-if it is to be
successful—must be based on a correct knowledge of the facts.

* Still further. ovidénce on the same subject has been published by Manifold and de Monte,
whilst this volume was in press, The station of Poona is notorious for the grent prevalence of
intestinal troubles there during the rains, a condition locally referred to as * Poona-itis ’.  These
workers have shown that “ Poona-itis’ is almost always due to infection with the bacillus of
Flexner. Important findings in their memoir are that the bacillus of Flexner far more often
couses diarrhoea than frue dysentery, and the great importance of flies as carriers.

REFERENCE,

Maxrrorp, J. A. and pE MoNTE, A. J. {1928). Report on an investigation of dysentery and
diarrhceea in Poona. Iadian Journ. Med,

Res., Vol. XV, No. 3, p. 601,



CHAPTER ILI.

Acute and Subacute Bacillary Dysentery ; Atiology, Pathology, and Symp-
toms. Acute and Subacute Ameebic Dysentery ; Atiology, Pathology,
and Symptoms. Balantidial Dysentery. Mixed Infections. |

InTo the pathology and symptomatology of acute bacillary dysentery it is not
nceessary for us to enter in much detail, since these subjects are very well dealt
with in the text-books of tropical medicine.

Of predisposing causes one may mention fatigue, chills, errors in drink and diet,
and especially any cause likely to cause irritation of the intestinal canal. A very
good example of the latter is an account of a severe epidemic due to Shiga’s bacillus
among Moplah prisoners at Bellary, given by Lopez (1926). The prisoners were
under very good conditions of housing, food, and latrine accommodation, and flies
were relatively few. But most of the prisoners when admitted were in a much
debilitated condition, and an epidemic of Shiga hacillus dysentery set in with 520
cases, of which 40.or 77 per cent proved fatal. The only predisposing cause that
could be ascertained was the very high proportion of sulphates in the drinking water
supply, and when this was changed in October 1925 the epidemic ceased com-
pletely. Children under the age of five years appear to be especially liable to
bacillary dysentery, whilst small outbreaks due to Shiga’s bacillus appear to be
prevalent in Indian jails during the cold weather, and bacillary dysentery is es-
pecially prevalent in asylums and mental hospitals. Owing to the insanitary
hahts of lunatics, when bacillary dysentery oceurs in an asylum the latrines are
very apt to become fouled, and the infection to become epidemic.

Infection is wusually acquired by contagion, by frwcal contamination of
cooking utensils, dishes and food or water, and the more crowded the
community the more likely is the disease to become epidemic. A good
example of infection from an infected water-supply is one given by Fletcher
and Jepps (1924) : a small cpidemic due to Shiga’s bacillus occurred in a
remote village in the Federated Malay States and caused 69 cases with
17 deaths; the water-supply was from a shallow well which was found to
be infected. It is stated by Manson-Bahr (1925) that the bacillus of Shiga
will survive for three weeks in such a water-supply ; direct sunlight, however,
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13 lethal to it. Chronic bacillary carriers are always a most important source
of small epidemics. Thus Stitt (1922) quotes an instance of a small epidemic
of Shiga type recorded by Friedmann: an infected soldier returned to barracks
after furlough, and this resulted in 86 cases in the man’s regiment, 49 of
which belonged to his own squadron ; the epldemic was only finally suppressed
by the enforcement of the most rigid rules with regard to washing the hands after

leaving the latrine. Mild and unrecognised cases are also important factors in
the spread of epidemics.

The rdle of flies as disseminators of bacillary dysentery may possibly be of
some importance. Thus Manson-Bahr (1914) records having 1solated the bacillus
of Shiga from the gut of house-flies in the Fiji Islands ; and the same author (1922)
records that in Kgypt during the really hot weather both dysentery and house-flies
are rare, but directly the flies increase during the cooler autumn months there is a
proportionate rise in the incidence of bacillary dysentery. It has been proved

experimentally that dysentery bacilli can survive for five days in the intestine of the
house-fly. '

We shall deal with the bacteriology of the dysentery bacilli later, but we may
here quote certain figures as to the relative incidence of Shiga and Flexner infec-
tions respectively. There is no doubt that Flexner infections preponderate over-
whelmingly over Shiga infections. Infection with the bacillus of Flexner tends
to be endemic and to persist all the year round, with a rise to & maximum peak
during the rains ; whilst Shiga infections tend to occur in small and localised epi-
demics, and are apparently most prevalent during the cold weather. Manson-Bahr
(1922) records that during the Great War Shiga infection was recorded from all
theatres of war; that it accounted for about half the number of cases in the
Eastern theatres; but that in France and Belgium 1t was responsible for only
15 per cent of the cases of dysentery. Fletcher and Jepps (1924) isolated- Shiga’s
bacillus in only 31 or 3 per cent of their serics of 983 cases. Manifold (1926)
isolated 1t in only 15 out of his series of 117 cases of bacillary dysentery.
Fletcher and Jepps remark that infections with Flexner’s bacillus were eighteen
times as common as infections with Shiga’s bacillus ; in common with all other
authorities, however, they stress the importance of Shiga infections as a cause
of mortality.

Wats, Loganandan and Conquest (1928) record that of 178 stools from which

dysentery bacilli were cultivated, the distribution of the species of bacilli concerned
was as follows :—

Total number with B. dysenteriee . . .. 178
Flexner’s bacillus isolated in . .. 147 or 82-6 per cent.
Shiga’s bacillus isolated in . .. 22 or 12'4 per cent.

Schmitz’s bacillus 1solated in - . 9 or 50 per cent.
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In brief, we would place the causative organisms of dysentery in India in the
following order of importance :—

1. The bacillus of Flexner, on account of its universal prevalence,
The bacillus of Shiga, on account of its virulence.

Entameaba histolytica.

Balantidium cola.

0 1O

Acute Bacillary Dysentery. Pathology.

We shall deal with the bacteriology and serology of the Bacillus dysenterice
later 1n a scparate chapter ; it is sufficient here to state that the dysentery bacilli
are divided into two main groups : the non-mannite fermentors or Shiga-Kruse group,
and the mannite fermentors or Flexner-Strong group. The former are especially
assoctated with acute, cpidemic bacillary dysentery, the latter with endemic, spora-
dic and subacute or chronic bacillary dysentery.

In mild cases the earliest lesions in bacillary dysentery seem to originate in
the solitary lymphoid follicles of the large intestine, which become hyperemic and
swollen, and then ulcerate. From this origin ¢ snail-like ” ulcerations arc produced
which spread across the bowel wall, especially along the free edges of the transverse
folds of mucous membrane. Along with this there is generalized catarrhal in-
Hammation of the whole mucous membrane and hypersecretion of much ropy
mucus. In hyperacute cases the chief change is in the intestinal mucosa, but
there are abundant signs throughout the body of widespread and acute toxsemia.
Very acute inflammation of the whole of the mucosa of the large intestine sets in,
and, if life be sufficiently prolonged, this ends in gangrene or colliquative necrosis
of the whole of the mucosa of the colon. The disease tends especlally to attack
the rectum and pelvie colon, but may affect the whole of the colon, and even the
lower part of the ileum. On opening the abdomen paralytic distension of the large
~ Intestine is often observed ; the mucosa is bright red and acutely inflamed ; there may
even be plum-coloured patches. The lumen of the gut is occupled by viscid blood-
stalned mucus, or even with pure blood and serous fluid. A general lymphoid peri-
tonitis 18 not infrequently present in the peritoneal cavity with deposition of lymph
floceuli on the peritoneal surface, whilst the mesentery 1s often cedematous. The
mesenteric glands are inflamed, the right side of the heart engorged, the liver
usually enlarged and congested with consequent parenchymatous changes. The
gall-bladder usually contains scanty and viscid amber-coloured bile. The spleen
1s generally dark on section, engorged and slightly diffiuent. In very acute cases
death may oceur within 56 hours from the onset of first symptoms.

In less acute cases the signs of generalized toxemia are slighter. The mucosa
of the colon is of a rosy plum colour, and stippled with numerous submucous
heemorrhages. The gut wall is cedematous and consequently thicker than normal,




Prate 1.

The lesions of acute dysentery.

[Figures reproduced, reduced in size, from Baermann and Eckwesdorff (1913), Atlas
Tropischer Darmkiankheiten, by kind pernussion of Johann Ambrosius Barth,
Leipzig.]

Fig. 1. Acute Shiga bacillus dysentery. Death on the 6th day. Leucocytes 16,000
per c.mm. Agglutination 4 1: 60. A, descending colon; B, sigmoid
flexure.

,» 2. ©higa baecillus 1nfection ; 3 months’ duration, Hwemoglobin 30 per cent.
Leucocytes 10,600 per c.mm. Agglutination - 1: 40, Death from mesen-
teric thrombosis,

,» 3. Mixed infection, Btools full of motile Eniamesba histolytica. Agglutination
4 1: 80 to Shiga’s bacillus. Leucocytes 15,000 per c.mm. Temperature
96-5°F. Died the day after admission,

» 4. Gangrenous ameebic dysentery, Descending colon. Perforation, localized
peritonitis, and diffuse hepatitis. lLieucocytes 16,600 per c.mm. Death
on the 6th day.
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If the patient survives for a week or longer, this stage of acute h@morrhagic in-
filtration of the gut wall passes into a state of colliquative necrosis of the mucosa.
The large gut, especially the sigmoid flexure and rectum, is narrowed down into
a contracted elastic tube. The mucous membrane is converted into an olive-green—
or sometimes blackish-—substance, rigid to the touch, and often honey-combed or
fenestrated. In acute Shiga infections the mucous membrane of the whole of the
colon may be necrosed and blackish-green, from the ileo-ceecal valve to the anus,
whilst there may be acute, patchy membranous inflammation of the last foot of the
small intestine. The intestinal contents consist of dark grey fluid containing blood,
- or of lid bile contaimng necrotic sloughs. Occasionally the necrosis may have a

patchy distribution in the descending and pelvic colon, or be confined to the hepatic
and splenic flexures. “ |

Should the patient survive such a state of affairs, which he rarely does, the
necrosed mucous membrane 1s exfoliated in much the same manner as a diphtheritic
membrane, exposing a raw, bleeding, granulated surface underneath. In such
- cases death may occur in the third or fourth week of the disease. At autopsy the
body 1s found to show great emaciation, the subcutaneous fat has completely dis-
appeared and the tissues appear as if drained of fluid. All fat has disappeared from
the omentum, and the abdominal viscera are considerably wasted. The mesenteric
glands are hard and fibrous. Should the patient survive, the gut passes into a
condition where fibrosis of the raw surface competes with attempts at regeneration
of the mucous membrane from islands of mucosa which have escaped unscathed.
Where the necrosis 1s more limited, exfoliation of necrosed membrane leads to the
formation of ulcers of irregular outline, nsually of oval or quadrilateral shape, and
communtcating with one another by submucous sinuses. This condition may
involve the whole of the large intestine, and lead to a characteristic rat-eaten appear-
ance. The ulcers of bacillary dysentery may be distingnished from those of amoebic
dysentery by the fact that they tend to run transversely to the longitudinal axis
“of the gut. In sibacute Flexner infections the mucosa may appear granular and
résemble the skin of a toad, the cdematous mucous membrane being divided by
cracks, fissures and ulcers into knobs and bosses like those on a toad’s back. On
repair of such a gut the colon may be contracted down to a narrow fibrous tube,
with the mucous membrane converted into a glazed surface with fibrotic Scars ;
or the colon—and especially the transverse colon—may become saceulated, portions
distended with gas or intestinal contents alternating with fibrous constricting bands.
Plastic peritonitis may lead to the matting together of coils of large and small
Intestine and omentum. .

Where less extensive damage has taken place, the mucous surface resembles
reddish plush, and the formation of granulation tissue may occur as a generalized
~ condition throughout the mucosa of the colon, or in scattered portions in the
lower part of the large bowel and may end in polypus formation. Diaphanous



08 | DYSENTERIES OF INDIA.

~ areas of fibrosed bowel may occur at the hepatic and splenic flexures. (leneral
bypertrophy of the bowel wall, such as is observed in chronic ameebic dysentery,
does not occur.

The ulceration in bacillary dysentery usually does not extend deeper than the
submucous coat, but very occasionally it may involve the muscular and even peri-
toneal coats. Manson-Bahr (1922) records that in a series of over 300 autopsies
on bacillary dysentery cases ante-mortem perforation of the transverse colon with
generalized peritonitis was found in 3 instances. This however is a very rare compli-
cation of bacillary dysentery. The ulcers are generally roughly ovoid in shape,
their bases consisting of grey and yellow tenacious sloughs. |

Turning to the histo-pathology of the diseased tissues, in the most acute phase
the mucous membrane is infiltrated with lymphocytes and round plasma cells,
the capillaries are engorged and. there are numerous capillary haemorrhages in the
submucosa. The goblet cells show great secretory activity, whilst the lymphoid
follicles beneath the muscularis mucos® are intensely inflamed. In the necrotic
stage the whole mucosa has undergone coagulation necrosis and is converted into
a structureless layer in which only polymorphonuclear leucocytes with disinte-
grated nuclei can be distinguished with difficulty. The submucosa is thickened
to twice or three times its normal thickness, owing to cedema and h@morrhage.
The cedeina is most intense amongst the connective tissue fibres and lymphatic
channels 1mmediatcly adjacent to the muscular coats. In the vascular and
lymphatic capillaries numbers of large endothelial macrophages can be distinguished
throughout the section. These are large cells, from 15 to 20 y# in diameter, and
appear to be dérived from the capillary endothelium. They often contain ingested
red blood corpuscles and leucocytes, and when voided in the stools are liable to
be mistaken for vegetative forms of Entameba histolytica. The fibres of the circular
-and longitudinal muscular coats stain badly and appear to be affected by the general
toxic processes. In the stage of exfoliation of the necrosed mucosa, the dead
mucosa 13 seen towards the lumen of the gut, whilst beneath it the muscularis
“mucosa hag become converted into a mass of granulation tissue and the submuecosa
has become the site of newly-formed capillaries. In the stage of repair proliferation
of the columnar epithelium of the crypts of Lieberkiihn is seen, together with
abundant formation of granulation tissue. The submucosa is cedematous and
contains much collagenous fibre and fibroblasts.

Dysentery baoilli have occasionally been recovered from the inflamed mesen-
- teric glands at autopsy, but never from the bile or blood-stream. During life,
however, they may very rarely indeed invade the blood-stream. Thus Manson-Bahr
(1922) records that Wilson during the war in France recovered Shiga’s bacillus in
3 instances in blood cultures from 88 acute cases, and also obtained Shiga’s
bacillus 3 times and Flexner’s bacillus 8 times in cultures of the wurine of
- 1,113 cases.
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Fia. 4. Acute bacillary dysentery. Ascending colon with black necrosis. Infection with
Shiga’s . bacillus. The patient was taken ill in the surgical ward of the hospital, and died
on the 9th day: There was an acute, patchy, membranous inflammation of the lowest 12
inches of the ileum. The mucous imembrane of the large intestine was necrosed and
blackish-green from the ileo-caecal valve to the anus.
(After Fletcher and Jepps, 1924.)
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Fiag. 6. Necrosis of mucous membrane. Infce-
tion with Flexner’s bacillus. Acute in-

Fia. 5. Diphthemid membrane in b&ﬂiﬂ&l‘}? d}?- flammation of the ]ﬂ,‘[‘gﬂ intestine, Eﬁpeciﬂ,]]}r

sentery. Dysentery contracted in hospital. the ascending and transverse colon. Death
Patient died on the 9th day.

on the 10th day.
(After Fletcher and Jepps, 1924:7) (After Fletcher and Jepps, 1924.)
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Acute Bacillary Dysentery. Symptomatdlogy.

Bacillary dysentery may be of any grade of severity, from a mild diarrhea
of a few days’ duration to a fulminating choleraic attack with a fatal result within
two or three days of onset. The incubation period appears to be short, about 2
to 6 days as a rule. The onset—in contra-distinetion to what occurs in amcebic
dysentery—is usually sudden; there is at first general abdominal discomfort,
followed by an initial diarrheea, accompanied by violent and painful intestinal
peristalsis. As a rule the diarrhea continues for a day or two before blood appears
in the stools.

On the other hand, in fulminating cases the onset of the disease is dramatic
In 1ts suddenness. These may be divided into two types—the choleraic and the
gangrenous. In the choleratc form the onset is frequently accompanied by vomit-
ing ; collapse sets in early, with all its concomitant symptoms ; the temperature
13 subnormal ; the tongue dry and glazed, the skin cold and clammy, and the patient
may even complain of cramps. There 1s usually an initial watery diarrheea, which
is soon replaced by dark-red muecus containing a large proportion of blood, or it
may be serum alone.. It is hardly necessary to emphasize the close clinical resem-
biance which these cases bear to cases of true cholera. The gangrenous form of the
disease commences suddenly with a rigor, headache, vomiting and other evidences
of a severe toxemia. The face is flushed, the pulse rapid and bounding. The
“abdominal pain and tenesmus are very severe, but as the toxamia deepens, these
wear off, 1t1s very important to note this point, for in such patients, with pyrexia
and msensitiveness to abdominal pain, the prognosis is apt to be very bad. The
stools at first resemble ‘ meat-washings,” but towards the end are composed of
dark-grey offensive fluid, contaming much blood. In these cases the necrosis of
the mucosa 1s so excessive that the goblet cells are all destroyed ; hence mucus
does not appear in the stools in such cases. |

Fever 18 present in all cases of bacillary dysentery (with the exception of those
~ of choleraic type) ; generally it 1s of a low type, 99° to 100°F., but in acute attacks
the temperature may rise to 103°F. or so at night. The fever is of intermittent
character and accompanied by drowsiness and headache.

Gencralized griping abdominal pains are very characteristic of the disease,
together with generalized pain and tenderness over the whole abdomen. The
tenesmus indicates intense nflammation near the anal orifice, and the more intense
this inflammation and the nearer the anus its stte, the more severe will be the tenes-
mus. Karly in the disease the rect: muscles are rigid, but later—espectally in fatal
cases—the abdomen becomes quite lax, and the pain appears to be no longer felt,
the patient being overwhelmed by toxemia. The sigmoid colon is generally very
tender on palpation, and if contracted by spasm can be rolled like an elastic cord
under the examining hand. The transverse colon and cecum are rarely affected
to the same degree, and are less often palpable.
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The number of the stools passed during the 24 hours varies enormously accord-
ing to the severity of the disease, and their number and character may be taken
as a guide to prognosis and treatment. They may only number 3 or 4 in the day,
or there may be up to 50 stools a day, or they may be so incessant that the patient
18 almost continuously on the bed-pan. In cases running a favourable course,
after an initial diarrheea, they consist of gelatinous blood-stained mucus resem-
bling red currant jelly or pink frog’s spawn ; they are of such tenacity that the stool
adheres to the bed-pan and can only be detached from it with difficulty. They
are charactenstically odourless, or may have a faint smell of spermin.  After three
or four days In such cases the stools become more purulent, contain less blood, and
are of a ycllowish colour. Next the bile-pigments make their appearance, together
with grey feecal matter, whilst finally, the appearance of pasty yellow stools
indicates that convalescence has begun. In some mild Flexner cases the stools
may be facal from the beginning, but with a glairy coating of mucus. In many
Flexner bacillus infections the stools are diarrheeic and offensive, contalning
mucus, but little or no blood.

In fulminating bacillary dysentery the stools contain a large proportion of
dark blood and resemble ‘meat-washings’, whilst they have a musty odour.
There may be dark blood-stained clots mixed with green bile-stained mucus or
the stool may consist of a very foul dark liquid containing much altered blood,
without obvious traces of mucus. When necrosis of the mucosa has taken
place the stools may be choleraic in character and contain sloughs of the dead
exfohated mucosa. In hyperacute cases the stools may consist only of pure blood
or of serous’ exudate.

The blood changes are not characteristic in bacillary dysentery. In about a
quarter of the cases there 1s moderate leucoeytosis. The urine in severe cases is
concentrated, of high specific gravity, about 1,030, dark coloured, and contains
abundant urates. The tongue is usually clean, but in acute cases may be coated
with a thick yellow fur.

A oute Amalic Dysentery. Atiology and Pathology.

Acute amoebic - dysentery is due to invasion of the mucous membrane of the
colon by Entamaba histolytica, but is actually an unusual—and not a common—-
complication of amcebiasis. The morphology of this parasite will be described
later, but 1t 18 to be noted that in only some ten per cent of persons infected
-with E. histolytica 1s there sufficient ulceration of the colon mucosa to give rise to
symptoms of ‘dysentery.

Infection is acquired by the patient swallowing the infective cysts of the para-
site.  The resistance of the eysts of E. histolytica is extraordinary. They are killed
by complete desiccation, but will withstand anything short of it for a prolonged
‘period of time. Yorke and Adams (1926a) have recently made a special study
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of the viability of the cyst of E. histolytica. They find that normal fmces contain
a substance which tends to kill off the cysts, but when the passed fwces are diluted
with water the cysts survive. The cysts commence to die off rapidly in faces
kept at either 0°C. or 16° to 20°C., and are all dead in 3 or 4 days’ time. Wasghed
suspensions of cysts however may show viable cysts up to a pertod of three weeks.
A 456°C. the eysts survive for 30 minates, but are killed in 5 minutes at a temperature
of 50°C. They are remarkably resistant to emetine and yatren and to relatively
high concentrations of hydrochloric acid and chlorine. Chlorine in strengths far
In excess of that used for bacteriological sterilization of water-supplies has no effect
on them, -

The following chemicals were found to be lethal to the cysts in the strengths
stated, both at 37°F. and at laboratory temperature :

Mercuric perchloride at . . iy 1:  2,500.
Formaldehyde ., C - . 05 per cent,
Carbolic acid . . . . I: 100.
Lysol S ‘e . . I: 100.

‘ Milton’ . . . .. 2'6 per cent.
Potassium permanganate inactive at .. . . 1: 100,

Yatren ; no effect in 5 per cent solution.
KEmetine hydrochloride ; no effect in 5 per cent solution.

Transmission occurs from man to man by the contaminative method, Usually
in the tropics infection is acquired from a ‘ carrier ’, i.e., an apparently healthy
person who harbours K. histolytica in his colon, passes the infective cysts in his
faeces, and has to do with the handling of foodstuffs. Water-supplies and fresh
vegetables may also come to be infected, whilst the cysts may perhaps be blown
about in dust and settle on foodstuffs. A fall of rain may wash sewage into wellg
and water-supplies and thus pollute them with the infective cysts. Tanks, rivers
and ponds are frequent sources of infection, Wenyon and O’Connor (1916, 1917 )
- have stressed the importance of flies as carriers and disseminators of the infection ;
they will feed readily on fsmces containing cysts of E. histolytica, and the cysts will
pass intact through their intestine and be deposited in their fwces on foodstuffs,
ete. Orafly, by first visiting the latrine and then the dinner table, may convey -
the cysts on its spongy feet from fwmces to foodstuffs. In general, however, it is
the human carrier who is chiefly responsible for the carrying of the infection. Ifa
medical officer in charge of a regimental mess or other hostel institution has a
number of cases of amcebic dysentery frequently OCCuUrring, examination of the
faeces of all cooks 6r mess servants concerned who have to do with handling the
food will soon show the presence of one or more active carriers, responsible for the
occurrence. A
~ Theincidence of E. kistolytica infections is now known to be world-wide. Dobeli
(1921) gives the percentage of infection among 3,146 persons examined in the




30 DYSENTERIES OF INDIA.

United Kingdom as being from 7 to 10 per cent. Boeck and Stiles (1923) examined
the feeces of 8,029 persons in America, including both those who had stayed at home
and those who had been abroad, and found from 8 to 10 per cent infected. Wenyon
and O’Connor (1917) in Alexandria found 5 per cent of healthy British troops in-
fected, 10 per cent of regimental cooks—a most dangerous state of affairs—and 14
per cent of apparently healthy jail prisoners. In Caleutta, during a year's routine
examination of hospital patients, 24 persons were found parasitised out of 233
examined ; and we may conclude that in general some 10 per cent of humanity ig
parasitised with this entamceba ; also that in the tropics the figure is probably
higher—some 15 per cent or so. :

The senior author, when attached to No. 12 Indian General Hospital in Meso-
potamia in August-December 1916, examined the stools of the whole personnel of
' the hoapital—112 persons—and found that 6 per cent of them were E. lhistolytica
carriers. In September 1918, the personnel had risen to 300 in all by the addition
of new drafts, but most of the old personnel were still present. The stools of these
300 persons were now examined, and a carrier incidence of 20 per cent was discovered.
These findings show how the carrier incidence steadily rises in a community of
indrviduals constantly exposed to ameebic infection.

Kofoid, Swezy and Boyers (1925) record as high an incidence as 537 per cent
on examining 367 employees of mixed races of the United Fruit Co., In America,
but this figure refers to a rather low grade population. The more often and the
more carefully stools are examined in the tropics, the higher becomes the incidence
of &. histolytica infection, and a general figure of 15 per cent for the tropics is pro-
bably not too high. _

That man contracts the infection by swallowing the infective cysts was first
experimentally demonstrated by Walker and Sellards (1913) 1n the Philippines.

They selected 20 jail prisoners in whom, on repeated preliminary examination of
~ their stools, no protozoa had been found. They were placed on a fully cooked diet,
with nothing but distilled water to drink, in order to exclude all natural channels
of infection. They were then fed with capsules containing cysts of K. histolytica,
coliected from the fasces. Kighteen out of the 20 became parasitised with E. kistoly-
" tica in periods varying from 1 to 44 days, the average being 9 days, and 4 of these

persons went on to develop ameebic dysentery at 20, 57, 87 and 95 days respectively
after the infective feed (average 65 'da.ys). - |

It is possible that the dog may play some part in the dissemination of amcebic
dysentery in India, for pariah dogs frequently feed on feces, and Ware (1916)
has recorded what was apparently spontaneous amaebic dysentery in a pack of
foxhounds in India. Nine dogs became infected, of which one died and the other
eight were cured by the administration of emetine. No worker has yet discovered
encystation of E. histolytica in the dog, but the possible réle of this animal as a
disseminator of ameebic infection deserves further investigation. Certain authors
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claim that the rat may harbour E. histolytica, and Lynch (1915) claims to have
successfully infected this animal experimentally. Brug (1919) states that wild
rats in Java-—Mus rattus-—harbour E, lustolytica in Nature, but a natural entameeha
of the rat, Entamaba muris, is of Very common occurrence, and somewhat simulates
E. hustolytica, though it forms an 8-nucleate cyst, such cysts often containing chro-
matoid bars.  Kessel (1923) states that rats may be freed from their natural ameebic
Infection by feeding them with stale bread soaked in a saturated solution of magne-
stum sulphate, and claims that in such rats, freed from their natural infection, he
has established E. histolytica infection. Kessel (1923a) regards the rat—Ratfus
norvegicus—as a natural reservoir of E. histolytica and a probable disseminator of
the disease from man to man. The rat is g common inhabitant of drains and sewers,
but it is a clean feeder, and it is very doubtful whether it can play the part attributed
to 1t as a disseminator of amcebic infection.

The cyst wall of E. kistolytica is insoluble in gastric juice, but soluble in trypsin
(Unthara, 1914). Hence, when the infective cysts are swallowed, presumably they
pass through the stomach unchanged, and excyst, either in the small or the large
intestine, Sellards and Theiler (1924) have shown that experimental excystation of
E. histolytica can be produced in the rectum of the kitten, and their work has been
confirmed by Knowles (1925) and Hoare (1926). Hence it is probable that in man
the site of excystation of the eyst is the large—rather than the small—intestine.
- The actual process of excystation has been especially studied by Yorke and Adams
(1926). In the formed stool of the carrier there are found cysts at all stages of
development : 1-nucleate, 2-nucleate, and adult 4-nucleate. In culture these cysts
often develop into the mature state and excyst ; the cyst wall dissolves and from
within it a mass of protoplasm containing 4 nuclei emerges, the nuclei being clustered
together at the anterior pole. From this, four little uninucleate amcebuls are
budded off in turn, Sometimes, however, the nuclei multiply until 8, 16, or even
more are present in a cluster at the anterior pole, and a similar large number of
- uninucleate ameebule are budded off in turn. Presumably a similar process takes
place In the human colon, and the little amebula creep by pseudopodial move-
ment to the mucosa of the colon which they invade, finally settling in the submucouys
layer, where they multiply by binary fission.

Ameebic infection may occur at any age, although it is distinetly uncommon
in young children as compared with adults. The infection, when once acquired
may, and probably does, persist in most untreated cases for the rest of life (Dobell
and. Low, 1922, p. 1349). All races and both sexes are liable to infection, and in
Calcutta at least we. consider the infection to be quite as common in male Europeans
as 1n Indian males, -

Once the ameebae are_hberated from the cysts they first attack the mucous

membrane of the gut. They may attack the mucosa directly at any point on its
surface, or may pass down the crypts of Lieberkithn and malre their ontre Sod. o1
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tissues through these. E. Ristolytica secretes a powerful proteolytic ferment and
feeds upon pre-digested tissue juice, this leading to dissolution of the ‘t1ssues, and
in sections of infected gut the amoebe are seen lying in clusters in little pools of
dissolved tissue between the mucosa and the submucous coat. The amoebee
divide by binary fission and, as they multiply, they tend to wander laterally in the
plane between the mucous and submucous coats. As they constantly come in
contact with fresh livifig tissue, they attack, dissolve, and destroy it. They -are
thus found in close relationship to the living cells, and with a variable quantity of
necrotic tissue in their train.

The degree of ulceration produced by E. histolytica varies very widely, Within
recent months a certain amount of evidence has come forward indeed to show that
occasionally—but only occasionally —E. histolytica may live in the lumen of the gut
and feed upon bacteria. This however is not its normal habitat, which is in the
deepest layers of the colon mucosa, where it feeds upon dissolved tissue juice
~and, sometimes, red blood corpuscles. Even in the apparently healthy carrier
ulceration of the gut is present, often indeed to a surprising extent—even in the
absence of symptomas. The uleeration may be superficial, and not extending
through the muscularis mucosa, or it may be so deep as to cause a perforation into
the peritoneal cavity. It may be localized as solitary ulcers, varying in size from
those just visible with a hand lens to conspicuous crater-like cavities several centime-
tres in diameter. On the other hand, it may be diffuse, and spread over areas of
all sizes. A serpiginous type of ulceration is not uncommon and adjacent ulcers—
originally discrete—frequently become confluent. A common type of ulcer, and one
which is generally regarded as typical, is one in which the ameebee have penetrated
the mucous membrane, leaving a breach of variable size at the point of entry,
and have then spread laterally in the submucous layer, where they give rise to a
pocket of necrosed tissue extending beneath the mucosa and passing downwards
to a variable depth. Such undermining of the mucosa is common and gives rise
to ulcers with an overhanging margin, and filled with necrotic tissue which often
projects in shreds and tufts into the lumen of the gut, In vertical section the
ulcers have the shape of-a flask. Deep ulcers often have swollen or raised edges,
and are surrounded by punctate hemorrhages. The smallest ulcers may only
appear to the naked eye ag tiny hypersmic patches. All types of ulceration may
be seen in different parts of the gut simultaneously,

When the ulceration is not sufficiently severe to give Tise to symptoms we
refer to the patient as an Eniammba histolytica © carrier,” and 1t is clear that such
a carrier is a danger both to himself and to others. He passes cysts of K. histoly-
tice 1n his stools and may thus infect other persons, whilst if at any time his resist-
ance to the nfection is lowered, the ulceration may become severe and the patlent
develop ameebic dysentery. Rxactly why infection with E. Aistolytica should give
rise $0 ameebic dysentery in one person, but in nine others to no symptoms at all,
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1t 18 difficult to say, and a study of the problem is badly wanted. The ideal relation-
ship between parasite and host from the point of view of both is that of balanced
mutual toleration, and this is nearly but not quite reached in the “healthy’
E. histolytica carrier. Presumably what causes the carrier to go down with amaoehic
dysentery 18 a sudden or gradual lowering of resistance in the mucosa of his colon.
In this connection the work of Sellards and Leiva (1923a) 1s of great interest ;
they have shown that under conditions of stasis in the colon, with the eut contents
very fluid, infection of kittens occurs when cysts are administered into the lumen of
the colon. Possibly the same two factors—intestinal stasis and a fluid condition
of the contents of the colon—are operative in man. Further, the presence of
haemolytic streptococci may be of importance. As shown by Knowles, Napier
and Das Gupta (1923), and Acton and Knowles (1924) the stool in ameebic
dysentery is usually markedly acid in reaction, and the following findings for
the pH of stools may be quoted.

m

H findings ; mean
obsrvations, | o0 stondard
E. histolytica present and actively motile ‘e - 25 6-35 4+ 0-299
E. histolytica present, vegetative phase, dead or dying s 22 700 4+ 14112
E. histolytica cysts present ‘s .o - ol 724 4 0253
Charcot Leyden crystals present, no amcaceha seen . 54 6-96 4+ (291
Bactllary dysenterv, proved as such on culture e 23 811 + 0168

Observations during 1925 at the Caleutta Sehool of Tropical Medicine have
shown that practically every sweeper at the School is a * healthy * carrier of
L. stolytica, but free from symptoms. In the case of these sweepers on repeated
culture of the stool no hamolytic strains of streptococel have been isolated. On
culture of the stools of acute ameebic dysentery on a modified Conradi-Drigalski
medium, however, haemolytic streptococel are very frequently isolated, whilst
the same often happens in the case of the carrier with minor symptoms. Non-
heemolytic streptococei are of normal oecurrence in healthy stools, but these strep-
tococcal strains i acute amebic dysentery are of haemolytic type and correspond
to the Streplococcus anginosus type of Andrewes. It is possible that what happens
in the transition from the healthy carrier state to that of amoebic dysentery 1is that
heemolytic streptococei invade the small ameebic ulcers, produce lactic acid, and
that this acid environment proves favourable for the rapid growth and multiplication
of E. histolytica. It is to be noted, however, that Boeck and Drbohlav (1925)
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The lesions of amcebic dysentery.

[Figures reproduced, reduced in size, from Baermann and Eckwesdorff (1913), Atlus
Tropischer Darmkrankheiten, by kind permission of Johann Ambrosius Barth,
Leipzig.]

Fig. 1. Amcebic dysentery; acute gangrenous necrosis, Transverse colon. Stools
watery brown, offensive, and Incessant, Temperature subnormal. Leuco-
cytes 21,600 per e.mm. Ileum also affected in lower part. Eniemaba

_ histolytica found post-mortem in enormous numbers. Death on the 6th day.

s 2. Acute amobic dysentery, supervening after lobar pneumonia. Cewecum and
ascending colon, Leucocytes 13,600 per c.mm. Temperature 102:9°F.
Acute necrosis and sloughs. |

,, 3. Recurrent subacute ameebic dysentery. A, ctecum and ascending colon ; B,
descending colon. Miliary abscesses in the right lobe of the liver, and
thrombosis of the right external iliac vein. Stools 5 to 10 a day.

» 4. Mild, chronic amcebiasis of the cecum and ascending colon. Patient died

. from tuberculosis of the lungs, ileum and mesentery. Entamaba histolytica

present in sections of the ulcers. Stools diarrheeic.
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F1c. 7. Amebic dysentery. Dyak’s hair sloughs.  Amaebic uleers in the transverse colon, with frayed margins and black

hairy sloughs. Patient had suffered from repeated attacks of dysentery. He died two days after admission to
hospital with ameebic ulcers from the ileo-cecal valve to the anus.
(After Fletcher and Jepps, 1924.)

Fia. 8. Amebic dysentery. Incipient and advanced lesions. Two large ulcers with hairy, black sloughs marked B.
Several small ulcers. Minute papular lesions, marked P. Thinning and ballooning of the colon between the ulcers
at T. History of dysentery for 10 days. Died on the day of admission to hospital.

(Afier Fletcher and Jepps, 1924.)
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Fia. 9. Amcebic dysentery. - Sea-anemone ulcers. Sigmoid flexure. Ulcers with raised
(After Fletcher and Jepps, 1924.)

margins and white sloughy bases.
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IFre. 10.. Amambic dysentery. Seaweed sloughs. Ascending
- colon. The whole of the mucous membrane covered with FIa.1l. Amebic dysentery. Small uvlcers in the

stringy, black sloughs like seaweed. History of 14 days’ rectum and anus. The ulcers in the rectum
illness, but it must have been of longer duration. There are never very large. Their bases are formed
were firm adhesions to the pancreas, and two perforations in by yellow or white sloughs. The stringy, black
the transverse colon. sloughs are found higher up the intestine.

(After Fletcher and Jepps, 1924.) | | (After Fletcher and Jepps, 1924.)
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record that the pH of their culture medium for E. Aistolytica is from 7-2 to 7'8,
and that the amebae grew well at this pH. This fact would rather tend to throw
doubt upon this ‘acid environment’ view. Further investigation 1s wanted
on the whole subject, for if we could only obtain a clear understanding of why
E. Justolytica should prove pathogenic to some persons, but not to others, we should
be in a position to much improve our treatment of amcebic dysentery.

Whatever the case, with the onset of ameebic dysentery the ulceration which
was present in the carrier state now becomes much more extensive. The character-
istic lesion of ameebic dysentery is an exuberant ulcer. The border of the ulcer 1s
raised, rounded, and frayed at the edge, whilst attached to its base is a shaggy
black slough—the * Dyak’s hair sloughs > as Fletcher and Jepps (1924) term them.
The lesion commences from bencath the surface of the mucous membrane, attacks
it from below, pushes it up and breaks through, whereas bacillary dysentery, on the
contrary, begins as a catarrhal inflammation of the surface, succeeded by colli-
quative necrosis. In a modcrately severe case the whole surface of portions of the
colon may be covered with ° sea-anemone’ ulecers with rounded, raised margins
and white sloughy bases. From other ulcers long hairy black sloughs hang into
the lumen of the gut, or the whole surface of the colon may be covered with stringy
black sloughs looking like seaweed. In the rectum the ulcers tend to be smaller
and fewer in number than in the cecum and ascending colon.

The invasion of the mucous membrane by the entamcebse 18 accompanied
by reaction on the part of the tissues, leading to the characteristic ulceration.
The capillary vessels at first show stasis, then thrombosis. Exudate 1s poured out
from them giving rise to cedema, followed by coagulation necrosis. There 18 a
certain degree of round celled infiltration, but not suppuration ; if suppuration be
present, it indicates a secondary infection. The necrotic tissue in the cavity of the -
uleer consists of a coagulum containing cells in all stages of disintegration, broken
down nuclel and fragmented endothelial cells. In acute cases the sloughs are
dark in colour, and have been compared to old black cobwebs. Stools containing
such sloughs are usually very offensive. |

Whereas in bacillary dysentery the part of the colon most usually attacked
'is the rectum and pelvic colon, in ameebic dysentery the lesions are most numerous
in the ceecum and ascending colon, where the ulcers may be so numerous as to cover
the whole surface with hairy-looking sloughs like a tangle of seaweed. When
ulcers do oceur in the rectum, they are usually small, and with but httle sloughing.
Clark (1924) has shown that the infection especially tends to become localized at
the flexures of the colon. In 186 fatal cases of amcebic dysentery examined
post-mortem the distribution of the lesions was as follows :-—{a) scattered through-
out the colon in 113 cases (61 per cent) ; (b) isolated areas alone involved, 63 cases
(34 per cent), chiefly in the ceecum, ascending colon, iliac colon, rectum, and hepatic
. flexure in that order of frequency ; (¢) in 10 cases (5 per cent) no ulcers, but only
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scars were found ; these were cases of secondary amoebiasis with infection of other
organs. iStasts, he emphasizes, is of great importance in intestinal ameebiasis, and
1t is at the sites where stasis is greatest that there is a special tendency for the
amcebze to nvade the gut wall. The appendix was involved in 41 per cent of the
cases, and the lower end of the ileum or the ileo-cacal valve in 5 per cent. Figure 12
1s taken from his paper.

In convalescent cases, after the amoebee have been killed off, either by treat-
mant or by the natural powers of resistance of the body, the sloughs separate and
granulation tissue appears at the base of the uleer. Fibrous tissue is gradually

12.6, 63.4%

) 60.77,

39.69 40.89, 72.5%
33.3% ( o
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Fig. 12, The distmbution of ammbic lesions in the appendix, colon and rectum,
(Aftor Clark, 1024

1. Bhows the regional distribution of lesions in 63 cases examined post-

mortem, where only one or few ulcers were proscut, This shows

tho sites where primary infection of the gut is most liable to
OCCUr.

2, Shows the regional distribution of the lesions in a total of 186 fatal
cases examincd post-mortem,

- formed and contracts, giving rise to a characteristic parchment-like scar, often of a
slatcy colour. Fletcher and Jepps (1924) describe the healed ulcers after amcebic
dysentery as ‘strong, smooth, depressed, inconsplcuous cicatrices. The scars of
baciilary dysentery, on the contrary, are always pigmented, and are often so friable
that they break down readily under slight pressure.”

Ameebic Dysentery. Symptomatology.

The mode of onset of ameebic dysentery differs very markedly from that of
bacillary dysentery. In bacillary dysentery the onset is usually sudden, and the
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patient, rendered ill by the toxemia present, takes to bed. In amcebic dysentery—
In our experience— the onset is usually gradual and progressive, and the patient,
although incommoded, tries to carry on his work. Very frequently amwbic
dysentery begins as a mild diarrheea, which gradually develops into dysentery in
the course of a few days. Kven severe and ultimately fatal cases may begin in this
mild fashion. There is considerable abdominal discomfort, but not the marked
abdommal pain of bacillary dysentery; tenderness on pressure is usually elicited
over the csxcum and transverse colon. The stools In acute amcebic dysentery
arc usually small, dark, tarry in colour and offensive. They are larger than
those In bacillary dysentery, are always feculent, and arc much fewer in number
than 1n bacillary dysentery; they may number only three or four during the
24 hours and seldom exceed twelve. Fever 1s not present as a rule, except
In severe cases or when hepatitis accompanies the dysentery. Tenesmus
and stralnming as a rule are much less marked than is the case in bacillary
dysentery, as the rectum is much less frequently involved. The stools contain
much dark and altered blood and have an offensive odour. In consistence and
appearance they have been compared to anchovy sauce. Blood-streaked mucus
is present and occurs as flecks scattered throughout the feecal mass. In most
cases the cecum and ascending colon are thickened and palpable, and in old
standing and chronic cases the markedly thickened csecum may be mistaken
for an appendicular abscess; progressive emaciation is often a marked feature
of the disease.

In fulminant and gangrenous cases the onset may be sudden, or the condi-
tlon may be redched progressively after beginning with mild symptoms. In such
cases there may be numerous stools—up o 20 or so a day—and the stools may contain
much blood or be hemorrhagic. If the ulceration i3 near the hepatic flexure the
stool may be small, black and tarry and there may be severe epigastric pain.
If the gangrene becomes extensive the gut may become paralysed and the passage
of stools may cease. The stools in these severe cases are full of the characteristic
- black cobweb-like sloughs, and as Rogers (1921) points out, these may be detected

by [reely diluting the stool in a large vessel with water. There may be severe

‘abdominal pain and all the signs of early peritonitis. Leucocytosis up to
25,000 per c.mm. may be present in the carly phases of gangrenous amcebic
dysentery, but 1s not characteristic of milder cases. The cecum and ascending
colon are definitely palpable as an elongated sausage-like mass, and if the
intestine is greatly thickened without being tender in an acute case, gangrene is
usually present and the prognosis bad.

Death may ensue from exhaustion, intestinal heemorrhage, perforation, perito-
nitts or complicating liver abscess. Perforation may be sudden, with all the signs
of acute peritonitis, and in such cases laparotomy is usually of no avail owing to
the gangrenous condition of the gut. More commonly post-cecal or post-colic
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perforation may occur, leading to abscess formation behind the peritoneum, and
such cases may very closely simulate appendicular abscess.

Cases which partially recover are very apt to become cases of chronic amabic
colitis. This condition will be dealt with in more detail later, but in the meantime
we may quote the following passage from Sir Leonard Rogers (1921) :

" Cases in which the bowel symptoms have persisted for a month or more may
be considered for purposes of description to be chronie, although any hard and fast
line must be artificial, but necessary for purposes of clinjcal elassification. There
are few diseases which so frequently pass into a chronic and intractable stage as
amoeblc colitis, the ulceration continuing for months or even for vears, fresh portions
of the mucous membrane becoming involved as the earlier attacked parts heal,
extreme organic change of the bowel wall eventually resulting. The symptoms also
vary greatly 1n accordance with the activity or quiescence of the bowel discase, any
degree from an acute gangrenous exacerbation down to mere slight irregularity of
the bowels being met with, whilst for weeks or even months the disease may be

practically m abeyance, once more to light up suddenly as a fairly severe attack
of dysentery.’

" By this time the patient will have become emaciated, and ansmia of consid-
erable degree will be evident from the pallor of the mucous membranes. The
muscles will be greatly atrophied and the strength proportionately reduced. The
stools, although less frequent than in the earlier stages, are yet sufficiently numerous
and painful to be a cause of constant suffering to the patient, whose condition is
altogether a most pitiable one, and if no relief is aflorded by treatment he gradually
slnks into extreme asthenia, and, worn out by his sufferings, eventunally finds a

happy release in death.

Rogers further gives an analysis of the duration of the condition in 30 such
cases. Of these 5 had lasted for 1 month, 12 from 1 to 3 months, 7 from 3 to 6
months, 4 from 6 to 12 months, and 2 for over a year.

Balantidial Dysentery.

Balantidial dysentery is so rare in India that we have had no personal
experience of 1t." The following general outline is taken from Dobell and Low
(1922q): ' |

‘ Invasion of the tissues of the large intestine by Balantidium coli gives rise
‘to a chronic catarrhal condition and ulceration. The ulcers arc usually blackish
to the naked eye, and recent ones are generally irregularly shaped with under-
mined edges. Between the ulcers the mucosa is reddened and hemorrhagic. In
distribution, cnnfﬂ'rmatim_l and appearance generally, the ulcers resemble, both
macroscopically and microscopically, those produced by E. histolytica. Histologi-
cally, the principal changes are catarrh of the mucosa, necrosis, hypertrophy of



CHAPTER II. 41

the vessels, hsemorrhages, round-celled infilbration and sometimes infiltration
with polymorphonuclear leucocytes. A Jocal eosinophilia has also been
described. The parasites usually lie against or in the healthy tissues underlying
the ulcers. They occur singly or in groups in the muecosa and submucosa at all
depths, In the muscular layers sometimies and in the blood-vessels and lymph
spaces......

‘K. L. Walker (1913) believes that Balantidium coli can pass through the
healthy mucous membrane by pushing aside the cells or rupturing the epithelium,
the process not being accompanied by necrosis and ulceration. A diastase
and a hamolysin have been isolated from the parasites (Glaessner, 1908) but
not, as yet, a proteolytic ferment, and it seems still doubtful how they actually
penetrate and destroy the tissucs.. ... Secondary invasion of the liver or other
organs—such as is seen at times in ammbiasis—is not known to oceur in
balantidiosis.

*Balantidiosis in -man is sometimes associated with clinical symptoms,
especlally diarrheea and dysentery. Walker found that abhout 20 per cent
of his cases showed intestinal symptoms—the others being comparatively healthy
carriers. Severc colie is a common symptom, and tenesmus, loss of appetite,
thirst, a dirty tongue and cachexia have also been noted. Sometimes there
1S nausea or even vomiting. There is typically no pyrexia and the leucocyte
count 1s usually normal, but sometimes g secondary ansmia appears in the
later stages.

* When diarrheea is present, the stools are liquid and alkaline. In more severe
dysenteric cases they contain, in addition to mucus, blood and occasionally pus.
The abdomen may become swollen. Palpation of the colon often elicits tenderness,
and thickenmg may be felt through the abdominal wall. When the disease has
- become chronic, general weakness, exhaustion and emaclation are typically obser-
vable. - (Bdema of the feet and ankles has been noted (Strong, 1904)..... General
thickening of the wall of the bowel may be met with, and also strictures resulting
from cicatricial contraction of old ulcers. In Strong’s analysis of reported balan-
" tidial cases 25 per cent of the patients gave a history of having either associated
with pigs or eaten or prepared fresh sausages, and 1t appears probable that human
beings usually acquire infection with Balantidium cols through swallowing food or
drink contaminated with pig’s feeces containing cysts.’

Mrzed Infections.

Mixed infections with both bacillary and amembic dysentery are by no means
uncommon, and Fletcher and Jepps (1924) record them ag present in 27 out of
their series of 198 cases or 14 per cent. Dysentery bacilli and pathogenic amoebse
were only found together twice in the same spectmen of faeces, and from three to
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SIX or more examinations were necessary to discover all cases of mixed infections.
In 15 out of these 27 cases the double infection probably existed before the patients
were admitted to hospital ; in the other 12 the bacillary infection was apparently
contracted whilst the patients were in hospital undergoing treatment for amaebic
dysentery. It is to be noted that bacillary dysentery ts frequently contracted in
hospital. Amcebic ulceration may be superimposed on a healing bacillary infection,
but this is rare. It is much more common for acute bacillary dysentery to supervene
In an intestine which is in a condition of chronic amabic ulceration.
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The Diagnosis of Dysentery. Use of the Sigmoidoscope. The ] .aboratory
Examination of Dysenteric Stools. The Morphology of Entamaba
histolytica and of Balantidium coli.

IN the diagnosis of dysentery, careful clinical examination of the patient should
never be omitted, whilst it is advisable to have a four hourly temperature chart
kept. If the patient is not carefully examined, such diseases as typhoid fever or
tubercular enteritis or syphilitic stricture of the rectum may easily be mistaken
for dysentery. On the other hand laboratory examination of the stools is even more
necessary than clinical examination of the patient.

The Use of the Sigmoidoscope.

Within recent years the sigmoidoscope has come to be more and more used in
the diagnosis of the type of dysentery from which the patient is suffering, whilst
its value in excluding conditions which may simulate dysentery is very great.
Recent papers which have drawn attention to the use of the sigmoidoscope—
especially in connection with chronic and relapsing dysentery in India-—are those by
Hance (1927) and Gregg (1928) : also one by Manson-Bahr and Gregg (1921). The
following are details with regard to its use, chiefly taken from these three accounts.

The patiént shouid first be carefully prepared, or very little will be seen. In
~chronic cases it is as well to give a mild purgative overnight in order to clear the
bowel. The bowel is at the same time repeatedly washed out with warm saline
from a rectal tube and large glass funnel, the washing being continued until the
returned fluid is quite clear. This should be again repeated the next morning
before the examination is made. About 20 to 30 minutes before the examination
is made gr. } of morphia may be given hypodermically, and a gr. .4, suppository
of cocaine inserted into the rectum. With these precautions an anssthetic is not
usually necessary. Examination is best carried out with the patient in the litho-
tomy position, though Hance especially advocates the knee-elbow posture.

The instrument having been generously lubricated with glycerine 18 inserted
Into the anus and the patient directed to breathe deeply with his mouth open.
Relaxation being thus obtained, the instrument is passed beyond the sphincters
and passed gently onwards, being left more or less to find its own way. During
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1ts passage in the anal canal it will be observed that the sigmoidoscope points first
towards the patient’s umbilicus and then, on entry into the rectum, changes its
direction to adapt itself to the sacral curve. On this change of direction taking
place, the obturator is removed, and the eyepiece with illuminating device sub-
stituted, the remainder of the passage of the instrument being under direct visual
control. If the lubrication has been liberal and the bowel thoroughly emptied,
but little use of the bellows is necessary. In this way a thorough and detailed
mspection of the rectum and the lower 4 to 6 inches of the sigmoid flexure is possi-
_ ble.. In normal healthy persons the bowel wall should be in soft folds which
should yield gently as the instrument is advanced in the direction of the lumen.
The mucosa should resemble the instde of the cheeks in colour, but be slightly
less shiny, and the small blood-vessels are more prominent. On reaching
the pelvic colon the wall appears more flexible and the folds smaller and more
numerous. |

In acute bacillary dysentery the sphincter may be hyper- or hypotonic; the
bowel is intensely hyperemic and instrumentation is painful. The contents of
the bowel consist of a uniform mixture of blood and mucus, with which much pus
may be incorporated. The surface of the mucosa is dull, and cedematous thicken-
ing takes up the folds of the gut so that they become less apparent. There may
be large irregular ulcerated areas, but not infrequently the bowel presents a spongy,
uniform wall which oozes blood all over on the slightest touch.

In chronic bacillary dysentery the perineal muscles are wasted, the sphincter
tone poor, and the anus almost patulous. The mucous membrane may show
general Injection and hyperemia, bleeding easily when touched, or there may be
irregular ulcers, shallow, with their margins not undermined and their bases showing
shreds of muco-pus, of which a film may cover the whole ulcer. Areas of exube-
rant granulation tissue may mask subjacent ulceration, and the latter may only
be revealed on removal of the former with a wool-carrying probe. The folds of the
gut may be narrow and scanty. The surface may in one place show ansmia, and
- in another be hypersmic and glazed or granular in appearance.

In amcebic dysentery there are frequently accompanying hemorrhoids, the
“sphineters are usually normal in tone, and the rectum is thrown into voluminous
folds so that the bowel appears redundant. These folds are soft and are easily
pushed aside without pain. The contents of the bowel are mixed fwces, mucus
and blood. The sheen of the mucosa is of normal colour, and scattered on the
howel wall are ulcers which are usually small, clear cut, oval, circular or diamond-
shaped or sducer-shaped. The smallest ulcers are about the size of a pin’s head,
with the intervening mucous membrane normal in appearance. Sometimes the
ulcers erown small elevations in the mucous membrane, in which case they give
an appearahce resembling minute boils or carbuncles. In more acute cases the
ulceration is much more extensive and flame-shaped, and blood-stained mucus may
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be observed drifting into the instrument and obscuring the view. Instrumenta-
tion is usually painless despite the ulceration.

One of the chief merits of the use of the sigmoldoscope is that not only will
it often enable an immediate clinical diagnosis of which type of dysentery is present
to be given, but it will enable the observer to get perfectly fresh material for
microscopic examination and culture.

The Laboratory Examination of Dysenteric Stools.

1 treatment is to be properly applied it is essential that as soon as the patient
comes under observation the correct diagnosis of which type of dysentery he is
suffering from shall be made. Whilst the general clinical state of the patient and
the use of the sigmoidoscope may help to differentiate between bacillary and ameebic
dysentery, the examination of the stools in the laboratory alone will enable the
physician to say with certainty which type of infection is present.

I. The first essential 15 that the stool must be a fresh one, free from urine and
antiseptics, passed into a dry bed-pan. If possible, the whole stool should be sent
for examination. Examination of stale stools is a waste of time. A useful method
of obtaining perfectly fresh material is one advocated by Colonel Proctor, 1.m.8.
1f the patient is in the laboratory, suffering from dysentery, a soft rubber catheter
can be passed well into the rectum, twisted round several times and withdrawn.
There will then be a good deal of blood-stained mucus in the eye of the catheter,
sufficient at least for microscopic examination and culture. This ensures obtaining
perfectly fresh material. The use of a sigmoidoscope will also ensure obtaining
fresh material.

2. First record the macroscopic appearance of the stool. As shown by
Cunnimgham (1923) macroscopic examination of stools is of great value in
controlling epidemic and endemic dysentery in such institutions as jails, ete,
Dally macroscopic examination of the stools of all inmates will soon enable
one to identify those merd who are passing blood and mucus, or mucus only, and
to’ scgregate them ;. further, microscopic examinsation in the case of these
men will show what type or types of dysentery are present, and indicate the
correct line of treatment. _

The stool in bacillary dysentery may vary a good deal in character, especially
if the disease has lasted for some days, but typically it is an inoffensive stool, com-
posed almost entirely of bright red blood and mucus, with little or no fwoeal matter,
In amcebic dysentery the character of the stool may be very varied indeed. It may
be simply diarrhesic’; it may be semi-formed, with or without adherent traces of
blood and mucus ; and its colour may vary from deep brown to greyish green.
It 13 often a small stool, dark and tarry in colour. As a rule the blood and mucus—
- the former of which may be invisible to the naked eye—tend to mingle more inti-
mately with the fwcal matter than in the case of the bacillary stool, Taken g])
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round, however, an inoffensive stool consisting only of bright red blood and mucus is
usually from a case of bacillary dysentery, whilst an offensive stool with adherent
or admixed blood and mucus and much fmeal matter is usually from a case of
ameebie dysentery.

3. Next test the reaction of the stool. This can be done with red and blue
itmus paper and gives useful information. Or the pH can be tested. The stool
of bacillary dysentery is nsually strongly alkaline in reaction, with a pH of about
8'0; the stool of amwbic dysentery is often markedly acid, with a pH of about
6'1 to 6:6. This point is of importance : in the bacillary stool the red blood cor-
puscles are unchanged and their heemoglobin unaltered ; in the acid stool of
ameebic dysentery, the red blood corpuscles are affected and their hazmoglohin
changed to acid hsematin.

4. Next prepare saline and todine emulsions of the stool for MiCTosCopic
examination. The details of technique are as follows ;

I.” Preparation of the Saline Fmulsion —

(1) Take a perfectly clean slide and cover-slip. (Dirty slides, greasy shides,
seratched slides, frosted cover-glips, which medical storckeepers chght to supply,
are uscless.) The slide and cover-slip must be absolutely clean and not merely
half clean.  Also the cover-slip should be a thin one—No. 1 or No. 0. Large square

cover-slips are best.

(2) The saline to be used must be fresh and not stale.  (Stale saline often becomes
contaminated with free-living protozoa.) For most purposes normal (1.e., 0-85 per
cent) saline is satisfactory, though for motile protozoa a strength of 0-5 per cent is
perhaps preferable. Place a small (not large) drop of saline on the centre of the slide.

(3) Pick up a tiny particle of the stool. If the stool is a fluid one this is best
done with a capillary pipitte. If the stool is formed or semi-formed the point
of a wooden toothpiclk is useful for this purpose (though it should have no antisep-
tic on it). The writers usually use the point of a scalpel. A platinum loop is
unsatisfactory, as it 15 too flexible.

(4) Very thoroughly emulsify the particle of stool in the saline. Cover with
the cover-slip. If there is now too much fluid for satisfactory working, tilt the
shde gently, and with a bit of filter-paper applied at the margin of the cover-slip
drain away any excess of fluid. If the examination is likely to he a prolonged one,
ring the preparation with vaseline.

(9) Lverything depends on getting the emulsion right. The mistake usually
made 18 to make the emulsion too thick ; this obscures vision and renders aceurate
observation impossible. It is far better practice to search threc or four thin pre-
parations than to attempt the impossible task of examining a thick preparation,
If the emulsion has been properly prepared, when the prepared slide 1s laid on a
page of printed matter it should be easy to read the print through it.
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(6) With the microscope set vertically, concave mirror, tube length out,
condenser racked down, iris perhaps partly closed, and good eritical illumination,
examine the slide; first a general glance through with the $rds objective ; then
with the }th inch dry objective. Using the mechanical stage, work systematically
through the whole of the preparation, stopping to examine minutely every sus-
picious object. The greenish translucent colour of the protozoa as seen in saline
1s most characteristic.

If the preparation has been properly made, the oil immersion objective can
be used and will give far clearer detail than the dry #th. (The writers specially
advocate the use of a 3Ith inch “fluorite’ oil Immersion objective which gives
good working distance, very clear definition, and is far more satisfactory than a

dry &th.)
II.  Preparation of the Iodine Emulsion —-

(1) Prepare the following solution :—

Todine 1 gramme ; potassium iodide 2 grammes ; water 100 c.c. (This solution
gradually decolourizes, and it should be used as fresh as possible, e.g., a fresh solu-
tion be made every 7 or 10 days.)

(2) Prepare an emulsion of a particle of the famces in this iodine solution in
the same way that the saline emulsion was prepared, taking the same precautions,
and making the emulsion thin.

(3) Examine this in the same way as the saline preparation. (A modification
of the iodine method which gives very good results s to proceed as follows :—Make
a fine emulsion of the stool in the above iodine solution with a pestle and mortar.
Centrifuge thoroughly. Throw away the supernatant fluid. Put a small drop
of normal saline on a clean slide. With a capillary pipette pick up a tiny particle
of the centrifuged deposit and thoroughly emulsify it in the saline. Mount under
a cover-slip and examine. By this method cysts are stained with lodine and
- stand out against the unstained saline background, and details can readily be made
out.) |

* * * *

The laboratory worker should always prepare and examine botk saline and 1odine
preparations. In the saline preparation the vegetative forms will be seen and
cysts encountered, whilst in the iodine preparation nuclear structure stands out
and the details within the cysts can be made out. Three or four preparations from
all suspicious parts of the stool should be examined.

He should also remember that the cysts of the intestinal protozoa are infective
if swallowed, and all material used in examining the stool should be transferred to
d per cent lysol solution after use, including slides, cover-slips, toothpicks, ete.

(4) First, examine the general characters of the cellylar exudate in the
stool.
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The microscopic characters of the exudate in the stool in amabic dysentery are as
follows :—

(@) The total cellular exudate 1s, In general, scanty. A few polvmorphonuclear
leucocytes, some coarsely granular cosinophile leucoceytes and clumps of red cor-
puscles comprise the picture. K. histolytica secretes a powerful proteolytic ferment
and this results m semi-digestion of cellular elements. Thus, us well deseribed by
- Anderson (1921), the chief elements in the ficld are pyknotic residucs, red
corpuscles reduced to half or quarter of their original size, polymorphonuclear
lencocyte nuclel and nuelear remnants lying free in the fluid.  Anderson states that
such pyknotic cell remmants comprise 83 per cent of the total leucocytes seen.
(0) Macrophages may be occasionally present, but they are very scanty in number,
and only very rarely seen; Anderson, in fact, states that they were absent from
the stools of five cases wvery carefully examined. (¢) A few intestinal
cpithchial cells arve usually present, but in scanty nummbers. (d) The few
polymorphonuelear leucocytes present show marked degeneration; they present
a ‘mouse-eaten’ appearance due to proteolytic digestion, are shrunken and
disintegrated —a process finally going on to the production of pyknotic residues
and free nuclear remains. (e) The bacterial picture may vary. Sometimes the
only extrancous organisms seen are occasional chaing of streptococel and seanty
yeasts- the latter identified as such by their multiplication by budding. Sometimes,
however, an amocebic stool may be loaded with bacteria, and in such stools the
motile K. histolytica die off very rapidly. The degree of bacillary infection
in an amebic stool may indeed cxceed that in one due to bacillary dysentery.
(f) Secondary infections may be present. Of these, infections with hamolytic
streptococct and with Vincent’s infection are the most important. In quite a
number of cases of amwbic dysentery an infection with Vincent’s spirochsete and
the fusiform bacillus supervenes, usually as a travsient phenomenon, on ameebic
ulceration. BSpirocheetes In general are not at all infrequent in ameebic stools,
and if dally examination of the stools be conducted it will frequently be found in
amaoebic dysentery that at about the 4th or Hth day of the disease the stool
swarms with Vincent’s infection, and that this infection clears up within another
36 or 48 hours.

The most important change, however, concerns (¢) the red blood corpuscles.
In ameebic dysentery there appears to be a marked change in the erythrocyte mem-
brane, which becomes sticky and agglutinative. As the stool is generally markedly
acid, and the haemoglobin in it is being converted into acid hematin, the limiting
membranc of the erythrocyte appears to degenerate. The red blood corpuscles tend
to appear, not singly or in rouleaux, hut agglomerated together into half-fused
masses. One may here give a striking mstance of this degencration, In November
1923 the junior writer’s attention was called by Dr. B. M. Das Gupta, Assistant
~ Professor of Protozoology at the School, to a most unusual appearance in a fresh
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ameebic stool. The stool was full of actively motile K. histolytica pushing
their way through their environment, as Dobell well describes it ‘ like slugs
moving at express speed.” But m every single microscope field in six consecutive
preparations examined there appeared two or three red blood corpuscles
which appeared to be motile and which presented exactly the appearance of a
Trichomonas with an undulating membrane. If present in only a part of one
film, such an anomalous appearance would, of course, snggest an artefaet ; but
this curious and aberrant appearance was present in every field in the six films
examined. Stained preparations were made, and a study of these showed the
nature of the artefact present. The stool was full of spirocheetes with regular,
even curvature—presumably S. eurygyrate. Owing to the adhesiveness of the red
plood corpuscles many of these spiroch®tes were adherent by either one or both
ends, or by their whole length, to the edges of the red blood corpuscles,
and their movements gave the curious appearance of an erythroeyte with a
marginal undulating membrane,

This adhesive character of the erythrocytes in the amoehic stool 1s so marked,
that, if 1t be present in a stool which otherwise shows the cellular character of a
bacillary dysentery infection, it should arouse the question of the possibility of
mixed infection.

Anderson sums up the characters of the acute ameebic stool as showing a very
small proportion of polymorphonuclear leucocytes—7% per cent in the differential
count ; many coarsely granular eosinophile lencocytes—an average of 2 to b per
cent mn the differential count ; an absence or rarity of macrophages; and a high
proportion of pvknotic cell residues.

The macroscopre characters of the stoal in bacillary dysentery present an
entirely different pieture. lere the whole microscope field is full of cells.
Of these (@) -some 90 per cent are polymorphonuclear leucocyvtes. Although
- degenerated, they present a totally different appearance to that of the scanty
polymorphonuclears in the amosbic stool. To quote Anderson {loc. eit.)  they
appear to die en- masse’; their cytoplasm becomes full of refractile fatty
globules, the cell outline is well preserved, however, and the nuclel as seen in
saline show up as dull greenish masses. There is not here—as in the amoebic
stool—partial digestion and marginal disintegration, but rather fatty degeneration
and swelling, Many of the polymorphonuclears in a fresh stool, however, are
normal. (&) Intestinal epithelial cells are fairly numerous; they are either
columnar or squamous, and are usually somewhat swollen, but with clearly
visible nuclel. (c) Endothelial cells are usually present in some numbers; like
the polymorphonuclears they show similar degenerative changes, being usunally
vacuolated with breaking down nuclel.  (d) Macrophages are present in some num-
bers—about 2 per cent of the differential count according to Anderson. The
“ macrophage’ is a cell which is in origin either a large hyaline mononuclear leucocyte,
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The microscopic appearances of the stool in amcebic and in bacillary dysentery respec-
tively.
Fig, A, Amcebic dysenteric stool. Note the scanty cellular exudate.

(a)
(b)

(c)
()

(e)
(/)
(9)

()

Fig. B.

(2)

Motile Entamwba histolytica, with pseudopodia and ingested red blood
corpuscles,

Agglomerated masses of red blood corpuscles, showing their adhesive
tendency and change of heemoglobin to acid hematin.

Flakes of mucus,

Degenerated polymorphonuclear leucocytes, showing ¢ mouse-eaten ’
appearance.

Lymphocyte.

Coarsely granular eosinophile leucocyte.

Pyknotic and nuclear residues.

Yeasts,

Chains of streptococci.

Bacillary dysenteric stool. Note the abundant cellular exudate.
{(a) Unaltered red blood corpuscles, showing normal dichroic yellow-green

b)
(c)

colour.

Polymorphonuclear leucocytes, many of which show fatty degeneration
and refractile dots.

- Ghost cells * 5 (vide text).

(d) Degenerated epithelial cells.

(e)

Macrophages, showing ingested red blood corpuscles, fat droplets, and
nuclear remains of ingested leucocytes,

(f) Endothelial cells, many degenerating.
(9) Scanty non-motile bacilli,
(¢} Lymphocytes.
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a detached endothelial cell from the capillaries more usually, or sometimes a wander-
ing plasma cell. They show up very clearly, and can be identified by their large size,
prominent nucleus which is usually oval, and the ingested remains of erythrocytes,
nuclear remnants of ingested leucoeytes, and fatty globules. Many authors speak
of these cells as being absolutely non-motile.  On the other hand, they could not be
phagoeytic if they did not possess powers of forming pseudopodia, and they are very
sluggishly ameboid. The amoeboid activity is, however, so sluggish that prolonged
observation under the microscope is necessary to ohserve the formation of small,
knob-like psendopodia. (e) The red blood corpuscles are unaltered ; they show up
as 1solated cells or in normal rouleaux, and the tendency to adhesion and agglomera-
tion seen in the amwbic stool is here ahsent. (f) ‘ Ghost cells’ are a prominent
feature of the exudate, i.e., cells which have lost all structure, but not their outline,
and which show a clear, definite cell wall, almost devoid of cell contents—mere
shadows of their original selves. Many, if not most, of them are derived from
breaking down polymorphonuclear leucocytes. Finally (g) the waterways between
the cells show a very scanty bacterial content. In the early and acute case, bac-
teria are extraordinarily scanty ; a few non-motile bacilli are seen in each field on
focussing, sometimes in the fluid at a higher level there are scanty clusters of
non-motile baciili of the dysentery group.

Anderson sums up the characters of the bacillary stool as being preponderance
of polymorphonuclear lencocytes, absence of eosinophile leucocytes, the presence
of prominent macrophages, and absence of pyknotic residues.  To-these characters

we would add absence of any change in the red blood corpuscles, which show their
normal dichrote yellow-green eolour,

It should be added, however, that the microscopical characters of the bacillary
dysentery stool may vary (a) with the specific organism concerned—thus in
Flexner baeillus. infections the stool is not infrequently feeculant and with less
cell exudate; (b) with the stage of the disease. Thus Manson-Bahr, Perry and the
late Sir Patrick Manson (1922) give the following as the characteristic cell-
picture during the stages of a bacillary dysentery case of average severity :—

Stage 1. First three days of the disease.—Preponderance of polymorphonuclear
leucocytes, fresh red blood corpuscles, macrophages, endothelial cells, intestinal
epithelial cells, and caleinm phosphate crystals,  Few visible micro-organisms.

Stage 2. Second three days of the discase~ Disintegrating pus cells, red cells,
bile-stained columnar epithelial cells, disintegrating macrophages, and calcium
phosphate crystals. Many motile bacilli visible.

Stage 3. Third three days of the disease.—Disintegrating red cells, free hema-
toidin crystals, pus cells in an advanced stage of degeneration containing fat
particles with active Brownian movement, large numbcers of motile bacilli, and
often flagellate protozoa, or it may be active E. eols.
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As the acute attack of dysentery subsides and convalescence sets in, certaln

changes occur in the character of the cell exudate as seen under the microscope.
In the amabic stool, the most prominent feature is the appearance of Charcot-

Leyden crystals (Fig. 13). These are of four types: (a) thin, sharply pointed,
whetstone-shaped crystals, varying from 5 ¢ to 50 p in length ; (b) short, almost
diamond-shaped forms ; (¢) forms similar to the type (@), but with the ends trun-
cated ; and (d) long, acieular forms.” In all cases they show up with a green, clear,
refractile look, and stain an intense jet-black with iron-hematoxylin stamning. In
iodine preparations they show up badly. Chemically Charcot-Leyden crystals
appear to consist of ethyl-imine, and to be a product of tissue digestion by E.
histolytica. As shown by Acton (1918), and by J. (. Thomson and Robertson (1921),
the appearance of Charcot-Leyden crystals in the stool is almost pathognomonic
of ameebic infections, and they may persist in the stool long after even cysts of L.
histolytica have ceased to be found. So characteristic, indeed, of amcebic infection
do we regard these crystals that their appearance m an acute dysenteric stool
together with that of actively motile E. histolytica we regard as evidence of true
relapse in ameebie infection-—as distinet from re-infection of a previously cured
patient. |

In the bacillary dysentery stool, as the acute symptoms subside, the secondary
intestinal protozoal parasites become prominent. Motile, vegetative Endolimaz
nana and Todamaba biitschlii are frequently seen at this stage, whilst such stools
often show vegetative Entamaba cold in considerable numbers. The two commonest
organisms in such stools, however, are Trichomonas hominis in 1its motile,
vegetative phase, and Blastocystis hominis,— a fungus of high type, and a source of
considerable confusion to the laboratory worker,—which often appears in profusion.
In the meantime the pI of the stool is rising towards the normal of about 7-2
in the amaebic case, and falling very slightly to about 73 to 7'8 in the baacillary
case. | |

I'n balantidial dysentery, according to Haughwout (1924}, the cellular exudate
is at first rather like that in an amcebic dysenteric stool : scanty, and with an
absence of macrophages and ghost cells. He states that the action of the balan-
tidia on the mucosa of the colon is mechanical, rather than by the production of
enzymes, and hence epithelial cells of normal appearance tend to be shed in fair
numbers and to appear in the stools. Later on, with reaction occurring in the
infected gut, pus cells may appear iIn considerable numbers; but under such
~ circumstances the worker must be very careful not to mistake Balantidium
coly in the stools of a patient suffering from bacillary dysentery for balantidial
dysentery. ‘

During the later phases of ameebic dysentery, the ulcers may hecome secon-
darily infected with streptococei or other pyogenic bacteria. Under these condi-
- tions the vegetative forms of . histolytica may be found in a stool which has a rich
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Fia. 13(a).

Fie. 13. Charcot-Leyden crystals. | F1a. 14. Vegetative Entamaeba histolytica (° Entameeba tetragena’) in a slightly
(a) Unstained. As seen in saline emulsion. (Original.) stale stool as seen in the fresn state. Note that the nucleus is almost
(b) As stained by iron-hematoxylin. (After J. G. Thomson and Robertson, invisible, and ths large rounded dome-like pseudopodia, consisting of

1921.) ectoplasm. (From Doflein, 1011, after Hartmann.)
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cellular exudate, full of polymorphonuclear leucocytes. Again, the utmost care
must be taken to exclude bacillary dysentery.
* * * *

In cages of balantidial and ameebic dysentery careful and thorough examina-
tion of the stools will almost always enable the laboratory worker to find the protozoa
responsible in their actively motile and vegetative phase; on the other hand,
- the characters of the cellular exudate in acute bacillary dysentery are so typical
that this infection can usually be diagnosed at once from them. Hence the
laboratory worker in most instances will be ahle to send such an immediate report
to the waiting physician as ‘ amcebic dysentery’, or ¢ balantidial dysentery’, or
‘probable bacillary dysentery ’, which will enable the appropriate treatment to be
instituted at once without waste of time.

Haughwout (1924) sums up the results of his study of the cytodiagnosis of
dysenteric stools as follows :—

1. “The cellular exudate of acute bacillary dysentery is characteristic of that
“and of no other intestinal disorder. Its distinguishing features are present in the
early stages of the onset and offer no difficulties in interpretation.

2. The absence of endothelial macrophages and evidence of toxie necrosis in
a leucocytic exudate, no matter how rich, is sufficient to rule out a d1agnosis of
bacillary dysentery. Such decision, however, should be made only after prolonged
search of several carefully made preparations from different portions of the
bowel movement.

3. The cellular exudate occurring in protozoal dysentery is mainly of value
In estimating the extent of accompanying bacterial infections. No diagnosis of
protozoal dysentery should be made except in the presence of organisms in the
trophozolte stage of their life-cycle, and under circumstances that make it
probable that they, and no other organisms, are the cause of the prevailing acute
process.

4. Certain non-specific affections of the colon give rise to the production of
large masses of mucus. * This mucus may contain desquarmated epithelial cells
i large numbers, as well as leucocytes and cells of uncertain origin. Superficially,
such masses may resemble the exudate of bacillary dysentery, but brief study of the
cells shows 1ts composition to be so different from that of bacillary dysentery,
that 1t becomes impossible to mistake such an exudate for that of bacillary
dysentery.

5. Cellular exudates of other types often present features that lend themselves

to analysis and ultimate interpretation in clinical terms.’
* o * X

Having examined the characters of the cellular exudate, the laboratory worker
will next concentrate hig attention on trying to isclate the OTganism Or Organisms
responsible for the dysentery. Hence we must next deal with these seriatim. In
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the stool of acute ameebic dysentery, he will come across the actively motile vege-
tative forms of Entameba histolytica—usually in considerable numbers. In the
stool of balantidial dysentery there should not be much difficulty in coming across
the large free-swimming forms of Balantidium coli. In bacillary dysentery cultural
methods will be necessary.

The Vegetatwwe Form of Entamcba histolytica.

We may first consider this as seen in o perfectly fresh amaebic dysenterie stool.
When rounded up, the vegetative form measures from 18 p to 40 p, usually from
20 p¢ to 30 p, but is sometimes smaller than 10 p. One-third of the eytoplasm of
the amceeba consists of clear, translucent, highly refractile ectoplasm, the remaining
two-thirds consisting of finely granular endoplasm, a point which is of considerable
value in differentiating it from vegetative E. coli (Fig. 14).

The movements of the ameeba in the perfectly fresh state are very character-
1stic. The following deseription 1s taken from Dobell (Dobell and O’Connor, 1921) :—
‘A normal individual, just removed from its host, and examined in a snitable
medium and. under favourable conditions of temperature, displays astonishing
activity. It flows, almost in a straight line; across the field of the microscope in an
extended form which suggests a slug moving at express speed. In this condition
the anterior end consists of a single large pseudopodium, advancing so rapidly that
no sharp line can be seen scparating the ectoplasm from the endoplasm. The red
corpuscles contained within such an organism flow about and roll round one
another with every movement, as though the protoplasm were a mobile liquid.
Thomson and Robertson (1925) give the following description of the movements
ot £. hstolytica, as seen in material from culture 4n vitro :—° When actively motile,
E. hstolytica becomes stretched out in a ribbon-shape, with blunt rounded ends.
The ectoplasm, while clearly differentiated from the endoplasm, yet tended to main-
tun the general outline of the ameeba. That is to say, the blunt rounded anterior
end, consisting of the ectoplasm, was the same width as the remainder of the body.
Movement was usually more or less direct, not as in some of the other species
indeterminate, and the distance covered considerahle.’

In brief, motile E. histolytica has a tendeney to travel across the microscope
field, whereas the other Intestinal entameeb®e do not cover ground with anything
like the same rapidity, tending far more to remain in or about the same spot. The
advancing large rounded pseudopodium consists almost entively of elear cctoplasm,
the endoplasm flowing in from behind as the pseudopodium advances, A point
which such actively motile amoebee often exhibit is that the posterior end is often
pulled out, as if trailing, with particles of debris adherent to it.

- The endoplasm, which constitutes two-thirds of the amceba, is very finely
granular. Its colour as seen in saline is not infrequently rather yellowish from
- digested heemoglobin. In the endoplasm, in a large. proportion of the individuals
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encountered in an ameebic dysenteric stool, are ingested red blood corpuscles. These
may number usually from 1 to 10, although as many as 43 have been encountered
with a single individual. They may lie singly—more or less reduced m size by
digestion—in the endoplasm, or may lie, cither singly or in some numbers, 1n a
more or less large food-vacuole. They stain black with iron-heematoxylin. Their
size is more or less reduced, as they are in process of digestion ; sometimes only
a tiny remnant of a red corpuscle is seen. If the stool be & fluid but a non-
dysenteric one, with no red corpuseles available, there will be none in the
amoebze,

This ingestion of red blood corpuscles affords a valuable means of identifying
motile E. histolytica in a dysenteric stool. ° Any entamceba found mn a dysen-
teric stool, showing active motility and containing ingested red blood corpuscles
is ipso facto E. histolytica,’ is the safest working rule for the student to go by.

In addition to feeding on red blood corpuscles, F. histolytica obtamns an
important part of its nutrition by osmosis from the rich dissolved tissue juice
prepared for it by its powerful proteolytic ferment. It is this excreted ferment
which explains its tissue-dissolving powers; the ulceration which 1t causes is not
due to a mechanical forcing of its way by pseudopodial activity into the colon
mucosa, but to its causing lysis of the tissue cells. In a section of infected colon
mucosa it will be seen that the amaebse lie in hittle pools of liquefied tissue.

Dobell states that rarcly E. histolytica actually ingests tiny fragments of tissue
cells of the host. During several years of study of E. histolylica, however, we
have never observed this phenomenon, and it must be of considerable ranty.
It will sometimes ingest starch grains, if these are present the fwces.

The nucleus of E. histolytice 1is truc to the nuclear pattern in the genus
Entameeba, but of much finer and more delicate type than that of &. cols. It 18
vesicular and spherical, and imeasures some 4 } to 7 ¢ in diameter. When
stained by iron-hzematoxylin, its structure is seen to be as follows : —There 1s
‘a delicate, clear-cut aféhrnma.tinic nuclear membrane delimiting the nucleus from
the cytoplasm. On the inner aspect of this nuclear membrane is a thin uniform
-deposit of chromatin, apparently consisting of very fine granules in contact with
one another. In optical section the nuclear membrane with its fine deposit of
chromatin appears as a finely beaded ring. The karyosome is small, spherical, not
more than 0'5 # to 1 j¢ in diameter and lies In the exact centre of the nucleus,
(In badly fixed specimens some distortion of the position of the karyosome
may take place.) Between the fine, central karyosome and the peripheral
. chromatin on the nuclear membrane is a cleat zone, containing'no chromatin.

The result of the delicacy of structure of the nucleus of E. Aistolylica is that
the nucleus is invisible in a saline preparation, in contra-distinction to the brightly
visible refractile ring nucleus of E. cole.
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Such 1s the picture presented by the vegetative phase of E. histolytica as seen

in & perfectly fresh amcebic dysenteric stool, and it is quite unmistakable. The
protoplasm of the amceeba 1s perfectly sterile and it never ingests bacteria or

yeasts.

In the passed stool, however, the vegetative amoba commences to die almost
immediately, and (in the tropics) 1s often dead within about two hours after the
stool has been passed. It 1s precisely this fact which has led to the tremendous
confusion with regard to &. hustolytica in the literature, since it is safe to say that
quite the majority of workers have worked with stale stools and dying entamoebsze,
and hence have given inaccurate descriptions of the parasite.

Dying vegetative E. hustolyiica presents a picture entirely different from that
of the fresh, actively motile forms [Fig. 15 (11, 12, 13) and Fig. 14]. To quote
Dobell : * The animal soon ceases to progress and becomes more or Iess sessile. In
this condition 1t usually continues to undergo pronounced changes of shape, accom-
panied by the emission of a few large, hlunt and blade-like pseudopodia. These
pseudopodia are perfectly hyaline and highly refringent, and are composed en-
- tirely of cctoplasm -a fatrly sharp line of demarcation being visible between their
clear protoplasm and the granular endoplasm. Movements of this type may con-
tinue for hours, before the animal finally rounds up, ceases to move, and dies. No
similar movement 1s performed ander the microscope by any of the other intestinal
amebse of man,’

In brief, the amceeba now ceases to travel and remains stationary. It continues
to throw out large, voluminous, dome-shaped pseudopodia, consisting only of clear
ectoplasm, from different points of its surface continuously. In the meantime the
endoplasm becomes progressively more and more vacuolated ; the vacuoles are
characteristically spherical, and they tend to fuse together into ever larger vacuoles.
Further, bacteria of all sorts now commence to invade and parasitise the dying
amocha. As Dobell remarks: ° Bacteria are almost invariably absent from all
E. histolytica in a perfectly fresh amceehic dysenteric stool, also in the entamoeboe of
experimentally infected kittens. But, as the ameeba dies, it becomes the prey of
the bacteria in the stool and soon its protoplasm—kboth ectoplasm and endoplasm —
is found to contain numerous bacteria of all sorts, cocel and bacilli alike. In stale
stoolg, or liver abscess pus, the majority of the amebae often contain hacteria ;
and as a tule, the staler the material, and the more degenerate the aniehae in it,
the more plentiful are the bacteria contained in them.’

Further, as the amceba dies, its nucleus breaks up. The chromatin on the
nuclear membrane breaks up into large irregular masses which may lie anywhere
within the nucleus. The karyosome degenerates. The result is that, in place of
the typical * histolytica type’ of nucleus, invisible in a saline preparation, we have
now a breaking down nucleus, showing irregular masses of chromatin within the
thin nuclear membrane. These chromatin masses may be visible In a saline
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Fic. 15. Entameba h'iatélyﬁm._‘ '(Aftrur Dobell, 1919, and Dobell and O’Connor, 1921.)

Vegetative phase. Note the nuclear structure, and absence of all ingested food

particles ‘except réd blood corpuscles. ect., ectoplasm—comprising one-third of the
‘volume of the amceba ; n., remains of ingested red corpuscles.

2, 3. Pre-cystic form ; the ameeba rounding up and withdrawing their pseudopodia.
4. Cyst at the mono-nucleate phase ; ¢., glycogen vacuole ; ¢.h., chromatoid bars.
5. Cyst at the bi-nucleate phase ; g., glycogen vacuole ; ¢.b., chromatoid bars.
6, 7. Mature cysts at the tetra-nucleate phase ; c.b., chromatoid bar.
8, 9, 10. Cysts of a small sized strain at 1-, 2-, and 4-nucleate phases. Note the massive
S chromatoid bars. |
11, 12, 13. Dying vegetative K. histolytica in a stale stool. Nucleus degenerating; endoplasm
‘ parasitised by bacteria.
14.

Mono-nucleaté cyst degenerating in a stale stool.

; Nucleus and chromatoid substance
breaking up ; bacteria in endoplasm.
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preparation as brightly refractile beads, and the nucleus may now become visibie
m saline as an irregular distorted ring showing contained refractile chromatin
masses. ‘

At this stage, with its endoplasm showing contained bacteria, and its breaking
down nucleus having become visible, the student may mistake vegetative E. his-
tolytica for vegetative FE. coli. The fact, however, that two-thirds of the animal
consists of clear ectoplasm, and that the large slowly emitted dome-shaped pseudo-
podia are wholly composed, of ectoplasm only, serves, even at this stage, to
distinguish E. histolytica from E. cols.

Finally, and usually within two hours after the stool has been passed (in the
tropics) vegetative K. histolytica dies. The dead amceba is simply a rounded up
and motionless mass of protoplasm, full of bacteria preying upon it, filled with
seml-fused spherical vacuoles, and showing a few refractile chromatin residues.
This form 1s quite unrecognisable as E. histolytica, or even as an amaeha at all, to
anyone who 