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Intrpdﬁctory: The campaigns of the past few years in the
s :

. // Eagstern Medliterranean will prohably stand out in medical
historvy as a period of unusuil progress in the sclentific

study of the clinical conditions known as *dysentery."

The troops which were landed on the Gallipolil
Peninsula in the spring and summer of 1915 were collected
from reglons differing so widely in their climates as
Scotland, Egth, India, and Australia. Included in their
numbers, thefe were bound to ve carriers of tropical disease,
and mingling as the§ did with thousands of unprotected
individuals from the Home‘eountry, it was only to be expected
that great pathologiéal questions would arise. By the
middle of July the outquanding probhlem with wbich the Royal
<Army Medioal Corps was confronted, was the incidpnce, morbhid-
ity, and mortality from dyser;tery and seldom has the Medical
professibn, as a body, met a problem with moré vigour and
acumen . | |

The majority of the medical men in the Ea%t had had
little previous cliniecal é}perience.of sub—trOpical diseases

and were compelled, at firép to depend upon text—books for a
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deseripiinn ‘of the ‘2et10LogLy, clinical features, and

'treatment of dysenterV, hut, unfortunately the puhlished

P e

descriptions ware somewhat unconvincing. It 1is only
comparatively récently that anything igke a scientific
basis has been e%olved for the proper élaqsifieation

of the various pathological conditions included under the
heading of "dysente;y", 80 much s0 that When the resuligof
the research conduc%ed during the Great W;r came t0 be
collected and correlated, the chapter on tnis disease will

have 10 be 1argelv reﬁwritten. ;

e . M_M}r,t

PRTTRP

aving ‘been attacked to a d%sualtv plearing ﬁiation
which landed on Suvla Bay at the beginning of August 1915,

; and eemalned there till the evacuation in December o? the
same year, I had an opportunity of studying théhé£;ég§e from
the clinical point of view during its period of maxﬁgﬁ?/u;pa;
prevalanee, at & time when the morbidity rate from drsentery
had a very critical bearing on the military situation. The
clearing station was afterwards moved to Egypt, and during
the three succeeding years, had to deal with troops which

| ineluded always a residue of the Gallipoli force together

with reinforcements which were continually arriving from

'? temperate as well as tropical climates. In this way I

was enabled to collect material and make no%es during three
VLD’ > O ;
subsequent dysentery epidemics, namely 3# the Aﬁtumn of
Lo ) !
1916 on the Suez Canal, durinrg 1917 em the Sinai Pesert,
A
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Eand during 1818 in various parts of Palestine.

)i.(~M—~§.*-§_ .

JURPIIRER Y g

A study of these notes has led 10 %Frtain conclusiéns
which have Rfme bearing on the present-dgy knowledge of
the disease,\particularly with regard to he important
field of cytoﬁdiagnosis. The object‘of is paper is

t0 describe thg methods and observations upern which such

y
conclusions'are‘?ased.

r«{;-iffqﬂéggzs paper therefore embodies the results

of work during my four wvears' experience of dysentery in the

field. Observations during the first two years were
necessarily confined to clinicai and statistical phenomena;
In 1917 a iaboratory was attached 10 the fasualty giearing
ﬁéation and from that time pathologiecal records weré always
available. Special attention has been given to the subject
of esarly diagnosis based upon the cytological examination

of the cellular exudate.

R ., » . 4% .
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[The importance of the disease under discussion, in its
-relation to military operations, is shown by the Sfediowimnz-
Pigures ( Table I ) collected from the returns of the
Casualty Clearing Station on Suvla Bay in 1915.
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f Pari odaYWounds-Rulletl/Intesti na1 Aiseasssg wner
A)«r of four Shrapnsl "Drsaditery 'Wnterl‘ci Digcages Total
=7\days / poaddenta etc. ) —D)
- Can)14T7| 181 98 360

1 nciisixeal s

g Wz -y
Alg, 18~91 649 160 68 877
ine L ' '
o
P 20251 514 236 179 929
Al 26-2 271 784 240 895
o “) 227 436 239 902
.7 A AN
@:@. 111 52, 230 662

: " 1]
L S9p.7-10 96 193 149 438
x /BoPull-14 66 169 170 405 .
4 Sep,15-18. 2l 202 198 487
o . : —
1. Sap.19-22 54 233 179 ' 466
1 Sepv23-26 37 201 151 289 -
1 SR, 2730 98 242 195 535
] .. z7 143 144 324
4 Setu5-8. 35 95 95 225
4 e 9-12 29 - 108 112 249
» I
; Totals\Eor ?46‘6 3224 2447 81.37
% 6 Q. {
1. Percontases] 30 40 30 100
|
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{Wwhile - the Imperial Forces were heing concentrated
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in Egypt, vhat is,during the comparatively quiescent period
from January to December 1916, I was afforded an opportunity
for making a more comprshensive epidemiological survey

of the disease and the accompanying chart (Chart ), though
limited in scope, may be takeinn as typical, B this time
pathological laboratories had been established in the most
important centres such as Cairo, Alexandria, and Port Said,

and the figures quoted are all supported by hacteriological

dat a@u J—

Q@m T A;;{\\

- [The first quarter of 1917 wag gperiod of rapid milivary

progress, and the climatic conditions under which the main

| bodv of the army livedy were almost ideal from a hygienic

point of view. Food was excellent; flies were esldom seen;
there was no eall for exhaustive work on the scora of military
necessity; intestinal disease had practically disappeared.

At the end ij{,h ';épring a vary strepnuous campaigﬁ was initiated
iIn front of GAaza. The weathar becams uncomfortahly 210t;

. the forceé were physically exhausted; thse water supply was

a matter of difficulty and flies began t0 apound. During

| )

‘tho period of active operavionsy the (fasualty flearing
|Station was flooded with surgical cases,but towards the end
£

‘_Of April the admissions were praotically‘ all medical cases,

-
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of: which intestinal conditions accounted for the great
majority. A Tield laboratory was by vhis time attached

10 the glearinu §tati<m and auring the period 25th April

to 8th Mav, 479 diarrhcpic case§ were exsmined hactericlogicallw

with the following resultant diagnoses:-

Amasbic Jysentery 8
a
Bacillary Dgrsentery (}Bacilli proven) 55
/ Ry : .

67’7?“ . Lembliasis 1

P |
Acute piarrhoea 415
Total ’ 479

C(;;fwabe bacillary findings again were subdivided as follows -

i

//’“",M No. 1h which organ.’wﬂs_Esolated werefa.Sbiga. 31

/ ".‘
' ﬂfﬁ.f}, ;.o e ) M "¢ Byiflexner-y 6
§ %‘( e /‘ ’:‘/ ey (, . ‘ '
Pt o M " - "[notspeci~’ 18
' . fled

- Total 55
,.»»/M’ ————
L —

Taking only the true dysenteries found in this series,

namely l[maebic 8, /Bacillar;r 55, the relative prOport.ion

would be -/) B

'g) (Amoebic ‘ dysentery 12.7% %
s s
; ““Bacillary e dys'entem:, - 87.3% 3

L (Ca result W‘rhi-ch approximates the percentage recorded as the
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average for all the laporatories in the previous year,
s

j0reditable as these results are, considering the difficulties
L ' :

under which the work was performed, they do not fully represent

-t

!
|
z
i

the true position. Dvsentery bacilll were isolated from

only a small proportion of the specimens submitted for examin~

4

ation, and amongst the 415 cases diagnosed as "Acute Flarrhoea®

there nust have been 2 large proportion of bacillary infesctions.

[From the middle of May t1ll the middle of August 1917,
f the troops had a period of comparative rest, and as the great

‘heat militated against the spread of flies, thers was very
e

little sickness Ofnintestinal nature. The usual autumnsl

rise in dysentery commenced about the end of August and reached. -

e,

o 2
! its maximum in Mid-October (see nhart ), Ll

e

e
”,m“'”..v 7
”"‘t“ g.‘\lﬁﬂl‘ 17"'.5 L?‘
K] Gl
o " Prvis)
T o Lﬁ_m}; -

{ /4 During this period, No. 3. Military Laboratory (o/c.%

capt. P. Hanson-Bahr, R.A.M.C.) was attached to the @asualtf\\\
#ﬁiearing S%ation, and I had the privilege of combhining
bacteriologieal investigetion with the clinieal work in the
‘hospital marquees.

i\mﬁ‘v‘

i;g?careful study of this AAutumal rise in the dysentery
I. Tate afforded some significant statistics)and t@ese have been
| summariged in wre—mb—fetred Table J%II,ﬁ‘COxreri:ng the
perioa of highes?t incidenee; that is during the six weeks

ending“%ga\SOV._

il

v
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& striking feature in Lhewahova;zféle is the marked
\ preponderanoe o# #anillary as compared with the Amoebic

variety.# ﬁaking the bacillary cases at the very minimum,

that is, tlose in which Shiga's bacillus or the Flexner V

baclillus were isolated and gave the corregt blological and
agglutination testg, the numbers are:-—

1 é 2o | Féacillary igsenbery - - =116, or 95.9. ﬁ
<f Mnoehic t,sentery - - - 5 or 4.1 %

If we take the Bacillary figures at their maximunm, that is,
‘Qﬁ&including all diagnosed from a microscopic examination of
the cellular exudats provisionally as hacillavy dysentery,

then the numbers are:-—

. . Bacillary Dyssatery - - - 385 op 98.7 %
,,,,, ( 7 amoevie sentery ~ - ~ 5or 1.3 %

AAAAA fﬂEither of these‘findings can be taken as a significant
,gﬂ,, indication of the relative importance of the two main types
of dysenvery in the field.

lIn 1918, the troops had advanced well into the hills

of Palestine.where the water difficulties of the prewious

year were practically at an end, where the climénic variations.
were less sulted to the rapid increase of flies, and where the
conditions of life generally were less foreign to ide men from
the Dominions or the United Kingdom. The result was,that
from a military point of view, drsentery became a disease of

. secondarv importance and at no period of the ysar did‘it

1 acquire the significance of an epidemic. Tor the greauver

part of thé year, I remained attached to No. 3 Military
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,  Laboratory which had moved up with the advancing troops,
and the total examinations of fascal soacimens for the

twelve months did not exceed 2000,

fom

f,In the late summer and autumn a wideépread malarial
1nf%€tion threw a heavy strain upon all the lahoratories,
and 1ittie time could bhe spared‘for the culture of faecces,
sb that dysentery statistics are not as complete and telling
as they wers in the previous vears of the war. Out of 2CC0
examinations, the cases diagnosed‘as true'dysentery" numbared
708, 0f tvhese only 80 or 11.3 % were diagnosed as ﬁmoebic
and 628 or 88.7% as"probably éacillary". A certain number
of the latter wWere culiured aﬁd in a amall proportion B.Shiga

and B. Flexmer Y were definitely isolatsd.

v'r’¢””iﬂf§5g§;{: Under the heading of B. Flexner Y, I have

inecluded the clasglcal mannite—-fermeanting haciili.
The slight diffefenoes between the original Flexnern)

strain and the Y bacillus of Hisémand Ruseeli are 80

o

R
%:\

evanescent that for all practical purposes. they can be

disreéarded. Both are agglutinated in moderate dilution

— -~ e

by the,séecific sera issued by the Lister Institute.

[N
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[?be special investigation regarding the cytologv of the
stools of bacillary dysentery with a view to establishing
a differential diagnosis as near the front line as possible,
was carried out chiefly during the period of highest incidence
in 1917. At that time the éaeualty ¢iear1ng ?tation with the
adjacent laboratory was situated aboﬁt ten miles behind the
active troops, and patients were usually under obsarvation
within from one to tihree days after the commencement of their
iliness. The rula was that svary vatient admitted with
diarrhosic symptoms wag allotted a clean hed-pan, and his first
8t00l after admission was immediately carried down to the
lahoratory, where tlhe microscoplcal examination of the fresh
specimen was cerried out often within fifteen minutes of

. defascation. A likely piece 0f the stool was selected and
transferred by means of a platinum 100y from tbe bedpan to
a clean slide. A civer glass was then superimposed and gently
pregsed down sO as thH give an evell transpareﬁﬁ film, of a
thickness sufficient to allow the free movement of any
contained entaﬁoebae; ‘ E

N

0lassification of fellsg. /\r\/r

gﬁhe‘mi&croscopic picture in an eariv 8ase of dysentery
1s always a\striking one,on account of the typical celiular
exudate presente&, and it is perhaps convenient to describe
here the differential features of the characteristic cells

and organisms found therein.



“”;?fx%WV - '
Fr - 12 -

i,

‘9'
( 7.Z cells derived from the gut wall:

(a) &

="
€]
~

Squamous Ppitb°1*41 09118.‘*Theqe are derived from the

()

margin of the Apus, are usually of horse-shoe shape, and
have the characteristic large oval nuclei,

Jolumnar epithelial cells. These are derived from the

inner coating of the intestinal wall, are usually
isolated, but are sometimes found in orderly clumps.
Owing to osmotie pressure in the liquid stool ‘they are
often pear-shaped and the rounded nuclei are usually
easlly identified.

Fndothelial cells may be recognised in at least three
distinct varieties.

(gw(i) Plasma..cells. These sre larger than mononuclear

leucocytes and are oval in shape. The protoplasm
is not refractile and there 1s a large oval nucleus
usually ex—-C gufrically placed.

- va .
<:TFII} MacrophageB. - These sre derived probably from the

endothelial 1ining of capillary walls, vascular as
well as lymphetic. They are polygonal when in
clumps but usually are isclated and of rounded shape.
In size -they ere generally larger than anyother
cells in the stool, measuring 15-2C4. in diameter,
or wvam more, and have a large well-defined nucleus
of reticula? structure and ex—centric in position.
The cytoplasm is not refractile but is often
vacuolated and may contain red blood corpuscles,
Iencocytes and lymphocytes, that is,they .are
phagotytic. Thelr exact appearance ias dependent
to some extent upon the degree of osmosis which has
taken place. The size and shepe of these cellg-
and the presence of included particles gonetimes
render it a difficult matter to differentiate them
from Entamoabae, but the motility and refractility
of the latter sre usually conclusive, and in the
living state there should he no great difficulty.

(.’:}'

e

:( ii)Irpitation or tissue mast.cells,~— These are irregu-

lar in &hape and about the size of a leucoeyte. The
nucleus is 1ll-defin=d and the pretoplasm L& coarsely
granular. It is difficult to differentiate these
cells .from eosinophiles until they are stained.
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:{¥:1~03119,@9¥1VQ@ from the blood.- -
<~ There are usually larze numbers of red hlood corpusecles

in all varieties of acute‘dyseuteric 8t00ls . The white cells

|
are classifisd according to the nomenelatur@usaﬂ.in most
teXt~H00KS 3~ °
TS— N
“-(a) Polymorphonuclear leucocytes,

(*ho) /ﬁarge Jononuclear leuoocytes,

-“4Nw'$mtamoeoa h;g ;zmipa 19 now accepted as the sole

, causal agent in Amoehic dyqsntery,ﬂnd while df'fferent phases in

its 1ife history, such as encysted or ¥etragena forms and smedl

or Eatamoaba minuta forms are occasionally met with in stools

S B e

i} that appear normal, the vegetative or active ﬁntamoeba is

preasent in all acute cases o%{@mpebic type.

Thi§ organism is usually a noticeable object in the field
on accoun;“of‘its rafractile ectoplasm, its palqﬂblﬁi;hwgreen
| colour, and 1t§\active streamning movemeﬂns.m“"?he margin of
clear ectoplasm is sharpﬁy de?ined from the endoplasm which
is finély raticular in structura dnd may he vacuolatedyit
contains a somewhat indistlnct nucleus. The endoplasm may
contain ingested leucocytes, red Blpod corpuscles, or other

body cells all more or less shrunkenxagd disintegrated.

‘w
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When the nucleus can be identified it appears to be ring-
shaged with crescernitic thickenings of chromatirn round the

nuclear membrane and its position 1s usually ex-cerntric.

1V, Other protczcal organisms such as Fntamoeba coli,

Ttetramitua mesnili, Triéhqgonas hominie, ILamblia intestinalis,
etc. are Frequentlyxseen, bu%ﬂas none of these have ever bheen
proved pathogenic of true dy&entery, that is,of an acute
1nflammation of the bhowel, their nresence may be disregarded

E;Z%Aw’in an 1nvestigation of this nature.

‘TAL Cellular Exudate in Bacillary Dysentery. >

' %Ehe axact degree of reliance which may be placed upon a diagno-

gin of bacillsry dveenterv mede from a preliminary examinstion

of the cellular exudate has for some years beeln a ccrntrover—
';‘sial point but the experience of the epldemics curing the war

hés, I think, definitely proved its value. vher. a film of

the blood-stained muco-pus from the scanty gelatinous stool

is placed undér the mieroscope, tlie most striking feature is

the sbundance of cells, and the scarcity or absetice of digest-
3 ive debris. The cells found consist of varying proportions

g
L of the following types:—

[ﬁa) Polymorphonuclear leuaoqgtes.r-These form the maaority

O i

of the cells in all stages of the diseaqe. They may

have the normel frash appearance Of healthy leucocytes;

‘but more frequently they are swollen and altered in a

BT T T g T T e ey~

characteristic manner. The cytoplasm undergoes a fatty
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degeneration, the nuclei becomes distended and
gbost—Jike, and the cell dies on mMAsse. This appearance
is very different from that found 1n)§1oabic dysentery
where the leucocytes seem 1o undergo A digestive process,
and hecome progresaively reduced in size owing to a
marginal disintegration.

Otherwggpgd cells, The red blood corpuscles vary
conaiderably in number according to the stege andvthe
degree of acuteness of the attack. In sub-acute or
chronic cases where the stool is composed largely of
mucusg, there may be ean entire ahsence of red cells in

the field,whereas in Amoebic dysentery they are present
in nearly all cases.

Lymphocytes and large mononuclesr leucocytes are

present in inelgnificant proportions while eosinophiles

ere very seldom seen.
M&}kmf
MacrOphages.;; Whese cells Porm a small proportion of .

s e
[y S v

the total exudate but their sige and oharaoteristic

appesrance mark ther out for special atnention. Like
the polymorphs, - ﬁbey are found in various stages of
degeneratjon, the cvtoplasm becoming gramidar, vacuolated,
and then hvaline; the nuclei becoming granular, distended,
and finallv broken up and scattered as 1rregu1ar fragments

vhroughout the cytoplasm. .
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]

d) Fpithelial. Celin, Plther colwmnar or squamous. In the
lsy 0EP1Y inflammatory staze of the disease, theres may be
(g veryifew of these cells, Hut in the later deaquamative’
; phase//thev are found often ip large numbers.

§€65. Plasma calls Hnd.ﬁr“itation gel ls- ana-?%esant in small

A f..) RS T
{,  variable prOport Lons depending apparently on the depth
£~
¢
f to which any ulceration of the gut wall has takKern place.
M,,. 2t
w*"‘“‘w '

—*”?ellular exudate in fAmoebic Dvnenterv.~w«wyﬁ

§lr-

The differential diagnosig of the two main types of

{'wm

dysentery would seem to present litila difficulty if one is
dealing with ordinary uncomplicated cases; the miscroscopic
examination in a fresh 5moebic specimen presents a very

di £ferent pieture from ?%géjjust described. The most
striking feature here is the scantiness of the cellular
axudate unless, as is sometvimes found, the specimen consists
i of almost pure blood from ulceration through the wall of a

| vessel, with regard t0 the cells that are present, those

consiqt‘of:—

e
e *”Za) Polymorph leucocytds.— Thesa ars raraly seen in thelr

e
s - normal condition. A protealvtic proceass is obviously
/<% at work, and thev ars usually partially ingested, giving
them a "mouse-eaten' appearancs. The process cormences

at the periphery of the cytoplasm and progresses until

only rermmants of the nuclei remain scattered throughout

the film - a very different picture from that dn the

bacillary tvpe whare the leucocytas die by a massive toxic

necrogis.
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;(b) Other hlood callg. " These also exhiblit differences
) that are equally striking.

Qﬁhé lymphocytes are relatively increased in number and
have the same degenserated:: appesarance, while the
&ﬁﬁsinophiles are markedly increased. The prevalence of
‘ﬁésinOpbiles is so noticeahle that it might almost he
‘regarded as a pathognomic sign of the presence of
}ék‘moebae.

The red nlood corpuscles also show a remarkable phenomernon.
In bacillary dysenterv the red cells are isoclated as in
diluted normel hlood, but in therﬁﬁoebic type thev are
gensrally clumped together in eméll groups of from two

to ei&hgﬂusgestinQSOme agglutinative effect. This
phenomenon, 80 far, does not eppear to have been mentioned

by Other Observsrs.

i

i s -

i(c) Mﬁ%ﬂl?ﬂ&%%«”’”%%ﬁ@%ry rere in uncomplicated cases
& AR ke ot /1 "o .

of/ﬁnoebic origin.

Eg}}ﬁg}}a}ﬂgg}}§:\\~ﬂbs¥~ﬂre g%ually present together

- with plésma cells hut there is nothing to distinguish
them from those found in the desquamation of bacillary
origin.

ii?)‘ The vegetative Entamoeggwﬁiﬁzgizzica or its encysted form,

This clinches the diagnosis of‘gﬁoebic dysentery, but

where that organism cannot be found - and Wenyoﬁﬂhas

pointed out that the chances of not finding it are

considerable - then in a cese presenting a pathological
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\ ‘ pieture such as has Jjust besn descrived, one is Jjustified
E in rpporting it ase "probablv gﬁoebic dysentery ",
W

Flomd e T an»—«u.,ﬂmm

L AR AARA Dot o A

féTTbP recognition of the outlstanding features of the

' cel1ular exudate, and their great importance as 2 factor

L

in the repid diagnosis snd early treatment of two dliseases
differing so widely as regards their pathology and therapeutic
requirements, naturally calls for a closer investigation of |
this field. With that object in view I arranged to make
careful ohservations in a series of suitable cages admitted

to hospital during the epidemic rise of 1917.

O e 5 o 0111 § thE”middle 0?‘Septembar~to “the - endwef-@e@@ber,< BHOHY-——

o dvsenterv were being admitted 10 the Casualty Clearing
Stlation dailv, and each day two or three cases were selectad
special observation.‘ Bacillary dysentery, like typho d

other microbio infectiens of the bowel, is a more or l4ss

selif~-11imiting diseass, differinh in that respect from the

chronic progressive course which ‘an untreated Amoebic infe fion

gen;rally follows. It was important therefore to gelect |

cas?s of different degrees of sererity and at different
\

stagpe of the diagase.

P .

{In aach case clinjoal notes were taken on admission
and the firat stool was carried at once 10 the laboratory where

the freash specimen was examined macroscopically as well =as

‘michSGOpically. In the absence of pathogenic entamoebas,

“ £t ,15-3 1730 4(
a provisional diagnosis;was ﬁade. bAnother £ilm was prepared,

8 N AN R s 4
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fixed, and stained, for a subsequent and more proplongs-

5 examination. In addition, a piece of nmuco-pus was spread

for culture on a plate of Macooners nadiugfwhich cpnsisted
M&’t -

~ Agar Powder 3 grms.
%TaurochOIate of 0.5 grm.
Soda »
Lactose B 1 grm.
Neutral Red 1 ce. of a 1% solution.

Ag. destil. up to 100 cc.

L

el

cultured Methods.

The Macconkey plate on wbich a loopful of muco-pus had
been spread was placed in the inaybator for twenty-four hours.
Any 1ikely colonies wers then picé@d off and sub-cultured over-
night on an agar siOpe. From thesé»sub—cultures, Purther
sub-cultures wére madé in Durham's tu%es containing respective-
1y 16 Glucose, Saccharose, Lactose, Dulcite, and Matnite,
in litmus peptone water. Kg Another test—tube with peptone
water was inoculated for the Indol reacticn, and a film of

the growth was examined for morllity.

A sub-culture wilch produced\acid without gas in
glucose only, and which showed neisher motilivy hor 1ndol
could be regarded as helonging to thé Shiga-Kruse group od
dysentery bacilli. Where acid withoht gas was prdduced in

glucose and maanite, and there was non-motility, the Qrganism
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waé regarded as of the Flexner-Y group. In the latter, the

indol rsaction was variabhls.

Agglutination.

In coﬁjunction with the sugar reactions just described,
. the sub-cultures from suspected colonies were always subjected
'to an agglutination test. For this purpose three sera were
used:.-
(a) B.dysenteriae Shiga, having a titre of 1:1000.
(b) B.dysenieriae Y, with a titre of B. Flexner of 1:3000 and
| B. dys.Y of  1:7000.
(¢) The Polyvalent serum exhibited in the treatment of patienps,
As a rule,these sera were used in dilutions of 1:200 and only
in special cases were tests made to determine the 1limit of
dilution in which agglutination occurred.
~ Dealing with so many sub-cultures, the ordinary method of
mixing the bacil;afy smulsgion and the_diffefent sera in small
gsedimentation tﬁbes in order to carry bup the mAcroscopic
test would héﬁe inrolved much labour, buﬁ“ aptain R.P. Garrow®
R.A.M.C. has devised and described an instrument which has

simplified the work enormcuslye.

For desceription of Garrow's avglutinometar, gsee Appendix

I I . PRS2 A S
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o
Differential nount of the cellular Exud§t3:>>
N Ah

| [in each slide, 500 cells were counted and the feirowimg—

table of figures | Table III) gives the results in fifteen
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© cages of #icute %acillary iysentery. The diagnosis in sach

cage was established by the isolation of colonies which

(a) gave the correct sugar reactions, and (b) showed agglutin-
~ation in the appropriate serun. The first eight cases of
the series have been arranged according wo the stage of the
‘disease; the last seven were taken in the order of admission.
3 Other bacillary cases were counted, hut as the resilts were all
. 80 uniform, itv was considerad that the fifteen selected would

. be sufficient to give an average estimate.

/ In order to emphasize® the significance of the figures
in{fze differential diagnosis of‘bacillary dysentery, I have
drawn out a contrast table (Table IV) to show the average
cellular content of an/Amogbic gtool. Five cases'were selected

at random, in all of which the Wntamoeba bigto;ygica was found

T i

in the active vegatative form, and in none of which were any

dysentery bacilli recovéréd from cultures. The five cases

‘are placed in the order of admission, snd in this table a

© further column has basen added to include the cells undergoing
pvknosis. In each slide, 500 cells were again counted, and

a percentage struck.

A comparison of Tables III and IV brings out the following

galiént features:-—

-




Anosbic Dyasntery

, @u' The preponderarice of 1, The small proportion of
fwﬁwm@$polvmorph laucocvtes, polymorph leucocytes,the
5 which constitute on an average content heing only
average 90% of the total T5%.
~esllular exudate.

.[?: Foginophile cells were 2 The presence of Tosinophiles
. seldom Or never present. isa a congpicuoue feature,the
number varying from 2% to
nearly 5%.

3 Macrophazes were prssent 3 Macrophages were not found
. . in linited numbers in any of the five cases
! averaging about 2, but of this series.

their size renders them
very conspicuoue.

I 4, wPyknotic" hodies were - 4, "Primnotic" cell remnants

i not found in any of the were present in all cases,

i fiftesn cases under vheir average number reaching
\ review. the verv high proportion of

‘ . - 83%.
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The characteristic features noted 1n juxtaposition

seenm L0 ea;ablisb a very c¢lear line of demarkation between

the cellular_exudates of Amoehic and Bacillary Dysentery, and
vet since the éarly stages of the war in the East, much discuss-
ion of a highly cdniroversial nature has centead round this
_very point. cytoldgidalmexperts working in dlfferent labhor-
atories have issued reports that could not be reooncilad or
explained on the basiq of the personal eggﬁgig?t%:;APter
\studving the effact of varying conditions on the faecal
aconetltuents in a numher of cases I am of opinion that the whole

problem can be narrowed down to an examination of two points.

, /1;/;he proximity of the lahoratory to the active troops.
If”The freshness of ths faecal specimen.
K 2

1. If a 1aboratory 13 qituateﬂ at the baqe, and, as not
e -

1nfrequent1y hanpens, cases do not reach the base hospital until
their tenth or twelfth day of illness, the bacteriologioal
records must Aif fer very widely from those of a lahoratory _
behind the front line where specimens can be examined possiblp
on the same Qday as thevman first appears on "sick parade'. It
Has beeh stataed that bhacillary dysentpry is a Béifblimiting
disease, and whether treatment has been rigidly carried‘but

or not.the clinical and microscopical picture has genefally

undergone fundamental changes in ten or twelve days. _ . -
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This poi@t might be illustrated hy a resumé)of ny
notes on Gase:ﬁp. I of Table X.
Pte. Byrne V. wég admitted to hospital on Oet. 18th 1917
suffering from al%ght pvrekia. As he had previously been
subject to attacksﬁﬁf ague, his card bhore a diagnosis of
Recurrent Malaria. l@ blood f£ilm was taken and no Malarial
parasites were found.vxzDuring the night diarrhoea cormenced
and by dawn, th=s 19th hetWas in great discomfort and passing
scanty stools every hour.ax The tongue showed a thin white
£ilm; there was consideraﬁ%e tenderness in the left iliac
rggion and the sigmoid was pé;pable.
Stool.(a) 19-10-17:- i

Macroecopidﬁl]y - a seanty 'mucus" stool
of pearly appea;ance and gtreaked with
hlood. |

MieBOSGOpicgliy - Red blood corpuscles,
numerous lesucogytas, some macrophages, and -
columnar epitheliuma No Amosebae were found.

sultural ‘- A pieoe of the mucus-pus was
spread on a Mactenkevy plate and incubated
for 24 . hours. A good growth resulted
and roughly half the colonies on vhe plate
ware found to he Of the B.Vlexner-Y type.
The only thprapeutio agent emploved was

s Sod. Sulph, 3T evefv 4 hou*q in solution.

20-1.0-17:~

There was less discomfort hut he passed 15
- 8%00ls in the 24 houra, and the sigmoid was
' more palpab]e.

‘L
1y

Stool.(b) 21-10—%w. N

\ \

;f " Macroscopically - Yelloﬁ@sh -gray 'mucus"

8t00)., flecked with blood,
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Notes on case;No. I. 0of Tahle X. continued

- Stool (b) ?l~10—17.

\

\ Microscopically -~ Numerous pus oells and/

\red blood cells, hut the pus cells were/
distended and more refractile; macrophgges
wers present in small numbers; very feg
epithalial cells, . g

/
cul@ural - There was a 300d growth of
different organisms but only five colonies
had the appsarance of B. dvsenterias. Theses
five Bolonies ware subculstured and tested

ﬂ by agglutination and the sugars, but only

29-10-17.

staok(e) 23-10-17.

24—10—17

Stool (d4d) 25- 10—17f

1
!

/

wone (asByFlexner-Y) responded to.all the

‘raactlons.

5‘:‘,%&
Patient waé less diqt“essed, and had longer
periods of ﬁesn.

5
\

MaorquOpical ~\5canny stool of very tough
: grey. muco~pus.

Microqcopieal - Pus cel1s, with degenerate
nuclsei;very few red blood
corpuscles; macrophages
>1enﬁiful.

Fultural = The Macronkey plate showsd many ,
ecoloniaes of acid-rforming organisms but only
five were pilcked out as resembling B. Draw
enteriae. 1 ;
Agglutinati&n and sugar teastsg again reduced
that number to one definite growth of B.
ﬂlexner~Y.j-3 k8

F AR \

v

- .
JGenera;iy mich improved and not now dieturb—

/ ed at,night

hesdthy colour., : ,
roscoplical - Alimentary debrid, but no red
blood cells,pus cells, maeropha ﬁor epith-
elium found.

Migggscopical - Semi-formed ”ae al stool of

[
gultural - No specific organisms isolated.
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This c¢ase sarves as a typs of the class which constitutes
probablvy the bulk of patientvs 1uvalided ’ith hacillary dysentery.

It was an avtack of moderate seve 1ty treated simply by rest,

dieteBimeasures, and intestinéi flushing, and the stage of
convalescence had b961 reached by the end of seven days. Had
this man heen passed on through Medical units which were not
in touch with a 1aboratory, he would probably have reached
the base at a stage when it;would have been impossible to
est%biiéh a\dgfiﬁite diagnosis.

J
§

fon the other hand, Amoebiasis, unless specifically treated,

L 22 AR @ AR UALA T

is notoriously chronic and progressivé. The onset is siow and
: iﬁsidious and for the first few days an examiation of the
gtool in an advanced laboratory may reveal nothing definite.
By the time the patient reached the bhase,if no emetin<has heen
administered in the meantime,the symptoms are usually well-
ﬁmarked,and vhe pathogenicfxﬂbebae are found without much‘
fdifficulty. It is not surprising therefore to find variations

in the recordéof different lahoratories.

T T e Sl

Zj:ﬂ“ The freghness of the fascal 3pacimen hears a very close
ralationship to the proportion of positive bacteriologieal
? findings compared with the total numier of stools examlned.

Feterie parlbua wfthe percentage of positive findings reaches -
e ]

its maximum when the lahoratory is attached to an advanced

™~

fleld unit, and the bacteriologist can select his specimen

directly from the bedpan within half an hour after the stool

has bheen passed.



- 29 -
“THTANY iNStAnces, 0w7n5 10 military exzueﬁnles, field
medicgl units were situated at some distance from the
1abora£§rywuﬁlspecimens had to be transported in small
glass faecee tubes. Under Sﬁch conditions, the results

were unsatigfactory in direét proportion to the time occupied

“on the journev. It was a common experience, for instance

. B
o

o ——

. IS

to find in an absolutely fresh stool abundant active
pathogenie Amoebas; when the game specimen had heen standing
for mseveral hours, an eiamination often revealed no trace

of the protozoa. Portions. of stool containing vegetative

\
|

Entamoabs histolytica were piaced in faeces tubes and kept in
the. incubator; others were kep} in the ice-chest and at
the end of three hours I was unable 10 find Amoebae in any
of them. The organisms diqintegrabe and disappear very
rapldly after leaving the intestine. \~The "Bacillary" stool
algo undergoes deterioration from a bacth£1010g1031 point of -
view, though thelpreeees 1g-netv -quite Bowrapid as in g
LIn order to determine the rate at which dysenteric
bacilli disappear from the fascal specimen, I carried out a
series of experiments with some typiecsal stools, and came 10
the conclusion it was rarely possible to recover, b?;oultural
metheds, the specific bacilli from a motion that had been
passed eight hours previously. '“TﬁhwfoLLowing»BXtracts from
my noies en an. experimental case wilJ serve~lto illustrate

1 the methods adoytad and the results obtained.
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Bombr. G. was gdmitted to the ¢.0.S. on Oct. 22nd 1917

suffering from Agute dysenteric symptoms. The illness -had
commenced two da§§ previously. Cn admigsion his face wég
flushed; his temﬁgrature was 99°P. and he was passing ahout
thirty scantv moti ons in the 24 hours. He complained of
epaqmodic pains aoroaq the lower abdomen, there was tenderness
in the left iliac reggon and the sizmoid was palpable but

.
1

soft. \

)

Stool.

Macroscopieal - donsisted of a small quantity of hlood-—
streakad mﬁecwouc‘whieh adhered 1o the hedpan.

Microscopical - @umerous red cells and pus celJ% a few
macrophages and blaatmqﬁmeq.

cultural - Numerous aolonies which proved to be glucose=-
and mannite-fermenters ‘and were agglutinated by the high
titre serum for B. Flexper-V.

The following deay t}e.SVNPtOMQ were still severe and
and he was paseing the bama type of "™lood and mucus"
q*oo1 ahout every hour. »

A characteristice motiom which wag prgsed ot 0.30 a;m.
was carried o the laborator\ and at 10 a.m. a small piece
was spread on MacConkey's Medium and placed in the
incubator. The rest of the m?tion was left in the
bedpan under the ordinary condi@ions obteinégin the
laboratory and at 2 p.n. a'sggona piece was spread on a
MacConkey's plate, énd incﬁbauﬁd.\h A third plate was

 gpread at 6 p.ﬁ. and a fourmhloﬁ n%g following day at

10 a.m., 24 hours after the exudate had left the intestine.
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The plates Were all left in the incubsator for 24 hours

and then examinad with the following results:~

(1) Plate spread at lﬂ a.m. 29-10-17.

Tive-sixthe bP the colonies on the plate had the
small greenish dew—drop-like appearance of the
growing B. dy'senteriae and nn subculiture these
were proved to be of the B. Flexner Y type.

The other ixﬁh consisting of 55 colonies, All
gave the reacﬁions of B. Acidi lactiei.

(2) Plate spread at 2 p‘n. 20-10-17,

(a)

(n)

(a)

The growth was muoh hesvier vhan in the first plate
and wes mixed.

Ten colonies ware found which on gubculture proved
10 he of the Flexner Y type.

Numerous colon1es_of Be Acidl lretici.

A cousiderahle mumber of whitlish colonies with
hluish opalescence, These were not agglutinatved
by the sera for B.: Shiga or Flsxner Y, but responded
to the sugar and chemical tests for'the Tor groups
of B. dysenteriae, .

Fome opaquﬁ red oolanies belonging to the B. PATacolmy
group. i

(3) Plate spread at © p.m. 22-10-17,

No eolonies of B. Flexner Y could be digeovered but
there was a heavy growth of B. Acidi Lactiei, and some
luxuriant white co1onieg having the appearance of
spots of diluted milk,'whioh proved on subculture

t0 be a strain of Bac. |Proteus.

(4) "Plate spread at 10 a.m. 23'35*17“

No colonies of B. Flexner Y were found. There was
a luxuriant flora of different organisms in confluent
colonies, none of which had any 1mportance as factors
in she dyaenteric svmptams. . :
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In this case, the cultire taken from an absou,lt.ply
fresh stool, qh@wed an almost pure culture of B/ 1ysenter1ae
(Flexner Y.) After standing 4 hours nhe-growgh of B. Flexner Y.
‘was scanty and bther organisms were in the;éscendancy. After
standing for agﬁours the dysenteric orgaﬂisms were completely
overgrown and it was impossible to iaoiate the specific baeilli.
It circumstancés had prevented a cgléural examination being
made wit/in 8 hours of aefaecatioﬁ, the result would have

been negative.

The findlngs in elmilar laboratory experimentve carried
out at the qame period neea not be detailed, as thev presented
very uniform rgﬂordﬁf{’fﬁhe practical side of thgi question
'G@ncbe demornstrated hy a few figures taken from the returns of
the laboratory with which I was connected in 191g. Here the
5speqimens were sent in from various medical uniﬁé,'mosﬁ of
which were situated at some distanc;away. Portions of4tha
' stools were placed in faeces tuheg, and éenn tc the laboratory
~hy post or hy messenger, and frequently‘an interval . :

' of from © to 24 hours had elapsed before ths examination
was made. Out of Qoo'speeimens examined by culture during
- the year, ohly 75 or 8.5‘% ga&e definitely positive terults,

0f these 75, organisms of B. Shiga type were 1sola$ed'in
: ' 5

58 cases, and B. Flexner Y. in the remaining 17. dbﬁpaa‘%;ggpe



o ,f P

I

» - A1
thote b Btepaad
JLosults, with wge findings of the lahoratvory during the
autumnal incidence of dysentery in 1817 (vide table).
During that period the conditiiong for successful culture
‘were ldeal hecause the hacteriological camp was adjacent
. to the ~asualty Clearing station and bedpan specimens were
-, carried to tlZe laboratory immedlately they were passed.

- Out of 194 gpecinens cultured under such conditions, 116

or 605'5 gave positive results. 0f that number, 56 were of

£

!

A

' B. Shiga tvpe and me remaining "o were B. F'lemer Y.

,)YLUM‘». C( L {Fap
T o e -

'f}:’ ’In conclusion, as the result. of personal experience

o

Qf epidemics of dysentery in the field, I would lay emphasis
@n the following points.
? /
/1. The clini cad’ and the pathologiég should be as
- constantly associated as the surgeon and the

anaesthatist.

o

Z, b o

L 2. The labhoeratory should be in close proicimity to
the source of material.

3. considering the vicissitudes which surround the
isolation of specific dysentery bacilli, much more
stress should be laild on a diagneosis founded upon
the characteristic cellular exudate. The most
impoertant factor in the ireatment of acute
dvsenteric conditions is time, and as a provisional
dlagnosis by this methed can be made at least

\ twenty -four hours before the bacterioclogical report
\ is ready, the advantage to the patient 1s incalculabke,
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April 6,1921
Dr .Joan Anderson,

Dear Sir, :
On going further into the question of revroducing your Study of
Dysentery in the Field,we have not got over the difficuity in ailotting so-
much space botn to text,tables ,s1.d illustrations. Ve think it wnight be
more usefui to our readers il you were to ooncentrate on the figures show-
ing the relative fregquency of amoebic and bacilliary forme of dysentery.
The detailed discussiong on celills might be cut down where they cover the
ground -dealt with by Willmore in The Leancet of 1yli8,vo.i.II,page 200; and
the technique of staining filus might aiso be omitted on the ground of T
fanmiliarity . Probably eome of the drawings have already been sufficiently
covered in previous papers. Possibly tle best ®olution would be ,if you
would like to assume agreement and concentrate on such differences from
previous writers a® you would like to bring out.
Yours very faithfully,










APPENDIX 7

i
i

MRTHOD OF FPIXING AND STA&NING PARCAL FPILMS.
’.: "@

Fixing. The filme were ff xad by a mod.iﬁ.nar.ion of Schaadi nn's
| mathod. i
(a) The fin, while atill wet, was placed in a solution
consigting ofi~
Saturated S0}, of corrosive Sublimate in
Norma;?Salina‘ ~~~~~ 60 cc.
Absolute Alcohol =~ - -~ 32 ce,

Glacial Acetic A¢id — 4 oo, (added
imediately hefare use)

Fixed for 10 miﬁutas,

(v) washed off with Zop Alcohol, vhen with weak Todjne
soluvion, and again with 30%-3180h0L .

(¢) - Transferred to 50 Alcohol, then %o 70%, then to 90f

(a) Placed in ahsolute Alcohcl for 15 to 32C minutes.

straining. Several different methods were tried.,until I
learned to place most reliance on s combination

&)

method suggested by Japt. J.G. illmore R, A.ﬁ.,.,

and termed by him the "W* stain. The procedure
was as follows:i- ‘
(a) Placed the fixed film in a mordant composed Of
Iron Alum - 4% Solution in water — 1 part.
Alcohol  —50% 4 parts.

and left in incubator far one hour.

S et S
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(b) Transferred tb a solusion containing
Heidenhain's Hemematoxrlin stain - - 1 part.
Alcohol - 50% ' . 9 parts,

éiained for oﬁe hour in incubator.

(e) Dacolorized alﬁost completely in Acid Alcohol
(Hydrochloric Acid, lee., Alcohol (70%), 99 ca.)
until the nuclei appeared as faint shadows.
Waghed off with 50% Spirit containing a few drops
of Ammonia, and then with 50% Spirit. |

(a) Transferred to a solution composed of;:-—

Borrel's Blue -~ - - 1 ce.
Gauducheau's stain 4 cc.
Distilled Water = — 5 cc.
Stained for 12 to 24 hours.
(8) Glearsd in Atetic-~acid-—alcohol (Acetie acid .24

in water, 1 ec. 70% Spirit, 9 cc.).contdrolled
under microscope. :

o (P) TransPerred to a solution of Fosin (.5/ in Abs.
~Alcohol) for 2-3 minutes, washed off with 90% Spirit.
(g) Absolute Alcohol - two changes.
(h) ‘nlpared in oil of cloves, controlling under the
migroscopa.
(K) Removed o0il with Zrlol, and mounted in canada Balsam.

The advaniage of the above method ig vhat it combines
the browiish-black Haematoxylin colouring of the chromatin
with the bol&chromé plues and reds of the Romanowsky stains.
With f£ilms preparsed in this way,-a"differentiallcount.Qfgthe
cellular exudate was then made. In each slide, 500 cells ware
counted, a percentage sirucr, andazhe result recorded heside

the clinical and hacteriological notes.
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APRENDIX TI

i

Method of carrying out dgglunination devised by
capt. R.P;lGarrowﬁ%.A.w.c.

The agglutinometer consists of a box ahout 16"x 8" x.e"
with a spindle passing through the long axis and prolonged
into a handle on the »ight-hand side. To this spindle
1s attached a block of wood one face of which is cut to
form a bed for the agglutination plats. The plate is the
agsential part of the device and consists of a piece of thick
plate glass measuring 12" long by ls" broad. Tha glass is
ruled across it3 breadth so as to devidé the plate with
30 seactvions arranged 1ike a row of ;icroscopic slides and

mmbered 1 to 30, TRach gaction measures 13" x +". The
sections are sepvarated from esach otvhar by two pérallel
groovaes wihich prevent the fluid placed in one saetion from

- ¢oalescing with that i another. [

fhe dilutions of the sera are made on a hlock of hard
paraffin or porcelain ﬁhich has heen pitted 80 as to form
threé parallel rows each of gix indentations. with a glass
' pipenté drawn out to a cepillary point, 5 drops of normal
saline>are counted invo éach pit. Into the first pit of the

first.row, 5 drops of the high~timré serum for B. dysenterias
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Shiga already diluted say 1:50 are placsd. This glves

10 drops of a 1:100 d;lution. Five are transferrsd from
the first pit to the'segond piv of the same row, and the
result 1s a dilution of 1:200. The process is repeated
along the row, so that in the sixth pit there is a dilution
of 1:3200,

Into the Tirst pit of the second row, 5 drops of the
high-titre Serum far B. dysenterise Flexner Y are counted,
and the same process is continued along the second row. To
the first pit of the third row, 5 drops of Polvvalent Serum
for B. dysenteriae are added and the process again continued
to the end of the row.

From the first pit.one drop is now transferred to the
first section of the glass plate. From the second pit,

a drop is plaead on the second section, and so on, until
all the dilutions on the block are represented by a drop
on a separate séction of the plate.

 an emuision of the sub-culture to be tested is now
prepared, and one drop is placed beside the drop of diluted
gerum on each section of the glass. The plate is slowly

rocked 2bout until each pair of drops is well mixed. It

1s then fixed on the wooden block attached to the spindle

of the box, the 1id is closed, and the haﬂdle is turned for

three minutés. By that time, any agglutina%ion is quite

visible with the help.of a watch-maker's 1en§, and the different
degrees of dilution in which it has occurred are easily

read off. By limiting the dilutions to one for each of %he ihree

sera, as many as ten sub-cultures can be tested on the one
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plate, and as the whole process ortly occupies several
\

minutes, the saving of time and labbw is obvious.
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