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CONCERNING THE PATHOLOGY AND ETIOLOGY
OF THE INFECTIOUS JAIUNDICE COM3MON

AT THE DARDANELLES, 1915.
BY

LIEUT.-COLONEL C. J. MARTIN, F.R.S., A.A.M.C.,
PATHOLOGIST TO No. 3 AUSTRALIAN GENERAL

HOSPITAL, LEMNOS.
DURING the autumn of 1915 troops at Gallipoli, and to a
lesser extent in Egypt, suffered from a nearly non-fatal
form of infectious jaunidice, usually witlhout comuplete
obstruction to tlle eintry of bile into the intestine, and not
associated witlh any tendency to haemorrhages. It appeared
to be markedly iinfectious; somne units lhad 25 per cent. of
their strength affected, and many cases occurred almongst
patients in hospital for otlher conmplaints.
The first case occurred in thie French lines about

-August l0tl ; during September tlle epidemnic spread
slowly until tlhe end of thlat mlontlh, when it rapidly
extended, reaching its maximliumi in October. During
Novenmber it rapidly declinied, and was practically over by
tile end of tlle year.
The following is an account of a case of moderate

severity. All variations between this and mild jaundice
without any obvious signs of illness were common.
The onset is chiaracterized by lassitude, loss of appetite,

headache, and often suffusion of conjunctivae. It is
usliered in withi a brief period of pyrexia, temperature
101-1020, and generally some pain in thle uipper abdomuen.
The liver becomes slightly enlarged, can be felt below the
ribs, and is tender to tlhe touclh. Tlhe spleen is sometimues
enlarged, but not tenider.

Altltoughl tlle temperatuire miiay lhave returned to normal,
these symllptomns contin-ue for tlhiee to five days, whlen
jaundice occurs anid lasts one to two weeks, or longer.
The uriine is bile-stained and tloe pulse often slow whilst
jaundice is present.
By tlhe time that jaundice is developed tlhe patients

generally feel better, buLt weakness continues, witlh rapid
pulse and breathlessness on tlle least exertion.

Seven to ten days after the onset of tile disease a distinct
increase in tlle area of cardiac dullness may be muade out.:
Slight albunilinuria is not uncommon.
(Convalescence is slow and tlhe patient is not good for

miuch for a Inolitll or longer.
According to tlle accounts of tlle disease publislied by

SarrailhU and Clunet (1916), Willcox (1916), anid by Hurst
(1916), the gall bladder is often, or generally, palpable and
tender. Specific enlargement of tile gall bladder was not
discoverable in the cases I saw, nor was tllis tile case in
tile experienCe of my colleagues. Sarrailhe and Clunet
also record two cases of " ictere grave" whiclh developed
in forty-eigllt liours with Iligh temperature, speedy col-
lapse, purpura, llaeinorrhages, and death. Thley do not
mention the existence of neph1ritis in tiese.

In opening thle discussion on cases of jaundice at
Alexandria in Novemnber, 1915, Professor Kartulis gave a
brief survey of the varieties met witi in Egypt and tile
Levant. He described twvo types of epidemic jaundice as
not uncommon. Tile first is a severe disease of sudden
onset witlh rigor, Iliglh tenmperature, intense lieadacle,
Vomiting,_ and prostration. The liver becomnes enlarged
and tender, and tlhe urine contains albumin amd casts.
On thie fourth1 or fifthi day jaundice appears. Epistaxis,
haematuria, and j4etechial liaemorrhages are cliaracteristic
features. Tile urine diminishes in amuount and the patient
becomes unconsciouIs or delirious. Death occurs in 30 per
cent. or upwards of tile cases from uraemia, haemor-
riages, or secondarY infections. Convalescence is very
prolonged.-
The milder type described by Professor Kartulis

resemnbles the disease encountered at Gallipoli as described
above, but in tlhe Egyptian cases nephritis, epistaxis,
and peteclial haemorrhages would appear to be ustual
symptoms.

Professor Kartulis iad by means of various microscopical
and bacteriological methods searclied for tlhe patllogenic
agent in botli classes of infectious jaundice, but Iiitlierto

* This was first pointed out by Lieutenant-Colonel Willcox.

in vain. He suggests that it must be invisible, like that of
yellow fever.
The severe form resembles very closely the infectious

jaundice prevalent in certain coal mines in Japan which,
towards tlle end of 1914, was shown by Inada, Ido, Hoki,
Kanlieko, and Ito (1916) to be caused by a spirochaete.
They accordingly named the microbe Spirochaeta ictero-
hlaezorrr7llgicae, and - the disease spirochaetosis ictero-
h11emorrhagica. Later Ido, Hoki, It6, and Wani (1916)
fouind the spirochiaete in 39 per cent. of the rats in the
ines, andl they suggest that the miners became infectedToM these rodents.
Spirochaetosis icterollaemorrlhagica has been also de-

scribed by Hilbener and Reiter (1916), Gwyn and Ower
(1916), Stokes and Ryle (1916), and Martin and Pettit (1916),
as occulrring in tlle German, British, and Frenclh trencles.

In the spiroclhaetal disease, in addition to lhepatitis and
jaundice, lhaemorrhages and an acute neplhritis ocetur. It
lhas a mortality of 20 to 30 per cent., and is apparently
dependent upon man's association witlh rats for its propa-
gation. As described above, the Gallipoli disease was
imiuchl milder, was apparently nmote infectious, and there
was nio reason to suppose that ats contributed to its dis-
seminationi. Nevertlheless certain strikirg an dJogies occur,
anid tlle milder types of cases described by IKartulis show
many claracters intermediate between our comparatively
mild discasc and spiroclhaetosis icterohaemorrllagica.

SEAXRCH FORI THE CAUSE OF THE DISEASE.
At Lemiinos in the autumn of 1915 I was not in a position

to make aniimal experiments. I hunted for parasites in
tlle blood of early cases, using dark-ground illtumination
witlh fresh films and also preparations stained with
Giemsa's stain, but witlhotut success. I also made blood
cultures in eig,liteen cases, but the only positive result
was that I oince isolated B. typhos?ts. This patient sub-
seqyiently went through an ordinary attack of typhoid
fever.

Tiie experience of Captaini Campbell (1916) at Cape
Helles was simlilar. He mlade sixty-four blood cult'i-es in
non-febrile eases of jaiundice and obtained negative results.
On Ahe otlher lhanid, fronm nine blood cultures of cases
running a continuous temi1perature hie recovered para-
typlhoid bacilli. In five instances the organisw was
B. y)a-ratyplhosits B.

Sarraillhe and Clunet lhad, I understood, fonnd an
organism resemblinag, B. _paratyphosit8 in the blood in
a number of cases of jaundice at Cape Helles, and were
of opinion that the jaundice was miierely a miianifesta-
tion of paratyplhoid fever.. I therefore tested the serums
of 37 cases two or tlhree weeks subsequent to tlle onset
of an attack of jaundice. Fifteen of the cases lhad liad
continuous fever for some- time. --Out of tlhe 15 the
serum1s of 7 agglutinated B. paraLyphltos A- aund 0
B. jia.ratyphosu1s B. Tlhe serums of the remiaining 22
casbs which hllad hiad no continiuous fevetv gave no
agglutitnation witlh either of tlhe paratyplioid bacilli in
a dilution of 1 in So1.
As botlh jaundice and paratyplhoid fevers, especially

paratyplhoid A, were very comtmron at the Dardanelles
durinig October and November, 1915, it is not unreasonabl&
to suppose that in some instances tlhe two diseases were
superimposed. As previously mentioniedl. a numlaber of
patients contracted jaundice in the lhospital. In somne
cases the jaundice-may lhave supervenied as a complication
of paratyphoid, chlolecystitis being a not unconsmose
sequela of this disease. Jaunclice, -lhoNvever, is rare.

Anotlher line of inq,uiry was undertakeni at Major Hurst's
suggestion, and with hiis lhelp. Having witlh hii-m an
Einliorn's evacuator, Major Huirst perstuaded patients to
swallow it, and, wlhen it had passed on inito thle duodenum,
aspirated a few cubic centimetres of the duodenal contents,
wlhiclh were submitted to bacteriological examination forth-
with. Duodenal samples from 8 cases of jaundice and'
from 4 normnal individuals, including Major Huirst and
myself, were exaiuined; 0.02 c.cm. of tile m-naterial was
plated out upon MacConkey's bile salt agar, and also upon
ordinary nutrient agar. Specimnens of the different types
of colonies were picked off, sown upon agar slopus, and
subsequently investigated. The investigation of the cul-:
tures was carried out by my colleague, -Sister F. S.
-Williams, for which, and for inucll other help with tlhe
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observations in this inquiry, I am deeply grateful. The
results were as follows:

Three of the plates were sterile-two jaund(icead onie
-oontrol.
Nine of the plates grew organiiss varying from 10 to 300
per plate.

Five types of bacilli were isolated.
Four types of cocci were isolated.

Only one type of muicrobe was universally present, anld
accounted for the great mnajority ofthle colonies. This
-was a smuall, non-motile, Uram-negative bacillus, which
fermnented no sugar, and did not formn indol. This bacillus
was present in all six ofthle plates from jaundice cases

wwhich. grew anything atall, and three of the controls. It
is apparently a non-miiotile member of the faecali8 atcali.
grnes group commioion in theuipper part of the alimentary
canal. On first cuiture some of these colonie'swere much
-,denser than othlers, but on sutibulture this difference
tended todlisappear.
The remaininig types of bacilli were also all Gram.

negative. Thieirclharacteristics are given below. Two
of thiese types occurred in Case v, one in CaseII, and one
in CaseViii.

TYPESOFrMICRzOBE CULTIVATED FROMI DUODENUM.
Bacilli.
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Coci.
The cocci were all Gram-positive with a tenldelncy to formn

dliplococei; two types occuirred iii Case iv, one in Case ii, anid
one in Case V.
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The on]y organism slhowing aniy general association witlh
jaundice was the bacillus of the faccalis,at1cligenes group
and tlhat was equally abundant in the controls. The otlher
microbes were distributed lhaplhazard, so that tlle results
lendno support to the view that the jaundice is due to a

microbial infection of the duodenum extending up the bile
ducts.

MORBID ANATOMIY.
As miientioned above, jaundice at G-allipoli was rarely-

fatal. Tlhree cases died in No. 3 Australian Geueral Hos-
pital, in wlhomn jaundice was still present at the tinme of
deatlh. In two of these tlle cause of death wvas cardiac
syncope occurring sorne weeks after th'e onset of the ill-
ness, in the othler jaundice supervened during an attack of
paratvplhoid B fever. Po8t-mortcen examinations were
made upon these cases by my colleague Major Upjohn,
but as in two j)atients death occurred during convalescence,
and in the case of the third the jaundice miglht lhave been
a cotnpdication of hlis paratyphoid fever, one cannot expect
to derive tlherefroms mnuch infornation as to tle essential
pathology of the disease.

Thie following is a brief epitomue of the notes muade by
Mlajor Upjohn at the autopsies.

CASE, r.
A younig M'aori admitted October 3rd, 1915, wvith fever, diar-

rhoca, abdominal pais, and vomitinig. Symptoms maintainedl
until October 10th, 1915, when hebecamee deairious and violent,
and died on October 11th. Slight jaundice developed a few days
before death.
Post viortein: Heart and lungs normal; spleen enlarged.

Liver enlarged, yellow, tough; excess of tibrous stroma. Gall
bladder fuill of bile, whichcoull.l , however, be slowly emptied
into lie (luodeniumn by slight pressure. Smallintessine in-
jectecn, especially Peyer's patehe3 in lower portion, nio ulcera-
tioni. Brain normial.. B. paraty!/oi)is B was recovered from the
spleen anld gall bladder.

CASEILI
Pte. C., aged 41, admitted October 25th, 1915, with slight rise

of temperature, pain and tenderniess over liver, jaundice,andl
great lassitu(de. On November 7th he was conivalescing slowly,
still weak and breathless. On November 21st he died suddenly
during slight exertion.
Postoo orttel: Mildlly jaundiceq. Heart dilated, flabby, muscle

light in colour. Liver usual size anid consitenicy; olive browivn
in colouir, gall bladder empty. Spleen normnal size and appear.
ance. Intestines normal. Spleenanid bile sterile.

CASE III.
Pte. McP., aged 35, suffered from jaundice some weeks pre-

viously. Admittedl from a convalescentdepot,wvhere hehliad
been taken suddlenily ill withl rapid pulse anti breathlessniess,
and pain in, righthlypochonldriumi. He died fourhours after
admission.
Post10-orteCt: Heart dilated and flabby, muscle pale. Liver

large, greeniishb, friable; gall bladder conitained a small amount
of bile. Spleen enlarged, soft. Kidnleys pale, enlarged, anid
friable. Bile and spleeni sterile.

M.lorbid Histoloqy of t7te Liver.
The hiistologicalchanges intlhe liver of botlhtlle cases

wlhich died somne weeks after the onset of the Jaundice
attack were simuilar. Sections stained with logwood and
viewed with tlhe nalied eye or alhand lens presented
a marbled appearance, tlhe outer portion of thelobules;
beinig stained, the ininer colourless.- Smuall deeply-staining
areaswvlere comtlpensatory hypertrophy of liver tissueliad
occurred were scatteredtlhrougliouittlhe sect ons.
In eaclh portal area there wassmriall celled infiltration,

witlh youl ngi fibrous tissue, anid large cells full of piament
granules. Tlle epitlieliuim cells of tlhe smtiall bile duets
were proliferated, and maiany of the ducts appeared not-
to be patent. Deposits of the samlie pigment grantules
existed between the cells.
The outerhalf of the liver cells of tlje lobule appearedl

normlal, but the inner halfwere miore or less damuaged.
Thie cells adjacent tothe intralobular veins were necrosed
and indistinguishable as liver cells; mnore peripherally tlhev
were vacuolated. Thiey did not contain fat. Atmjongst
tlle degenerated cells were a lumunber conitaining pigmient
granules. The distribution of this patliological chiange
was notuniformn, some aroups of lobtles being more
severely affected tllan otlhers. Tllere Vas. no dilatation
of the blood capillaries. No bacteria, wvere seen.

Small portions of tlle liver of botlh patienits wvere treated
by Levaditi's silver mnetlhod for demnon)stratinigspiroclhaetcs.
In neithercase was there any suggestion of their p)resence.

Tlhe gist of the above results wams communlluicated at tlhe
discutssion oni jaiundice at the Anzac Melical Association,
Cairo, on February 6tlh, 1916. At that timte it did not
seem wvortli while puttinrg thiem on record, as I expected
to encounter the disease again in Egy)t the niext auttiun,
and to be able to carry out experiments on animiials. Thlo
disease did not, Ihowever, reappear amiiong troops in
epidemic forimi during 1916, so thiat I lhad no clhance of
completing the in(uiry.
My object in recordinu tlhemii at this juncture is two-fold.

First, tke informiation mnay ulirect tuture investigaators
along more fruitful lines of inquiiry; and secondly, because
in thse meantimne conclusionss regarding the etiology and
patlhology of thle disease lhave been publislhed wlliclh seem
to be opet to question.
MM. Sarrailhli6 and Clunet (1916), the patlho!ogists to the

French force at Cape Helles, conclude that the epidemic
jaundice at Gallipoli was Imler'ely a manmiestation of para-
tvplhoid A fever. These gentlemiien were in the lhabit of
makintg blood cultures of suspected Cds.0s of esteric, and
up to the end of Au-gust thecy recovered only: B. para.'
typhosmui B and B. tIphlosits. At this time they'notid6d- att
clinical muodification of thie (enterica) epidemic. Cases of
gastric derang"emiient withi fever becamle less Ltnerous and
less severe, nmany, were aecompanied by "extension to the
biliary passages," and numerous cases of jaundice oceulred.
Coineidlent w itl thlis m-odification in. clinical type tle
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nature of the microbes isolat-ed by blood culture clhanged.
The organisms they now recovered corresponded in general
clharacters to paratyplhoid bacilli, but would not auglutinate
-with either tlheir paratyplioid A or paratyplhoid B serumiis
froml the Pasteur Institute. They provisionally regarded it
as a new type, B.iaratypl7os'us "D" (D Dardanelles). They
state that from nearly all their cases of jaundice, and from
those of "gastric derangement witlh fever" during, the
jauLndice epidemic they found Ino loiiger B. lyphosits anld
B. pjaralyplosus B, but this atypical variety.

In a later paper (1916) the authiors report thle result of
the examiiination of ninety-four of tlle aberrant strains at
the Pasteur Institute. Eiglhty-four strainis were declared
to be B. p1'aratywhosuts A, six B. paratyjihos'ts B, and four
B. typ7hosus. However, MM. Sarrailh6 and Clunet see
no reason to miiodify their opinion that "camp jaundice
is merely a hiepatic manifestation of tlle paratyplhoid
epidemhic."

T' lle imiain epidemiological features described by MM.
Sarraille and Clu'net as occurring in the Frencl lines were
repeated at Lemnos, but tlhe same close relationshiip
betwveen jaundice* and paratyplioid A was Inot observed
eitlher cliniically or in tlie bactc-iological laboratories.

Captain Arclhibald anid hiis colleagtues (1916) at Mudros
East foulnd that in Septemnber and October tlle incidence
of paratyphioid B steadily rose and was tlhe prevailing
type, buLt about tlle iniddle of November the lunuber of
cases of paratyphioid A shot up, while tllat of paratyplhoid B
rapidly fell, the typlhoid cases, as before, renmainingF low.
OuLr experience at No. 3 Australian General Hospital at
Mudros West indicates a minore gradual and later clhange
of type. During October, Novemnber, anid December the
ntumber of bacteriologricaily diagnosed cases of para-
typloid A was 83, 76, and 45; of paratyplhoid B 34, 40, anid
18 respectively, but after the tlhird week in December
only paratyplhoid A was m-et witlh. Jaundice was first
observed in Septeniber. In October the numiiber of cases
admitted rapidly increased. Dukiing tlhe later weeks of
October anid early weeks of Novemiiber it was extr'emiiely
comlmlon amongst troops and hospital personniiel stationed
at Mudros, and numiibeis of patients colntracted the disease
in the hiospital.
Judged by adnmissions to No. 3 Australian General H:os-

pital, thle epidemic of paratyplhoid A was in full swinig
whlen jaunidice appeared. Somne patienits sufferinig from
the formiier undoubtedly lhad jatundice, but the samiie was
tllc case with patients suffe-ing fromti typlhoid, para-
typloid B, and dysentery, and the imilpressionl miiade upon
us was that -we were in the puescuce of two widespread
epidemics, omme of wlicll was occasionally suiperimuposed
upon tme otlher. The samu:e coicltUsion was arrived at by
Lieuitenant Campbell (1916) froin hiis experience at Cape
Ifelles.

Tlhe experience of MM. Sarraillhe and Clunet was
evidenitly different from ours, and it is difficult to disprove
tlheir contention. I can olly point out tlhat the prevalent
type of jaundice at No. 3 Australian General Hospital,
wYhich is described at the commiilenicement of this paper,
wvas not accompanied by a continuous fever, and that
pat-atyplioid bacilli were not recovered fromn sucli cases,
nor did their seruli-s agglttiniate B. paratyph7osuts A or b,
although the strains of botlh of these oi-ganiismils wvlhlich we
employed were readily cltumped by tllc serumiis of patients
suffering from tllese diseases. Instanices sucli as they
record did occur, but can, I submnit, be more reasonably
interpreted as double infections. Paratyplhoid fever lhas
been abundantly studied in different parts of tIme world
since its first differentiation by Achard and Bensaude in
1896, but jaundice is surely a rare symptom, for I canniot
discover a sinigle recorded instance of its occurrence in tlle
literatture.

Anotlher account of tlhe disease given by Major Hurst
(1916) seemas to me to accept too readily one possible view
of its pathology. According to this observer tlhe jaundice
is caused by an extension of a catarrhlal process frolml the
duodenulm,nand the enlargement of the liver "mmust be due
to a general infection secondary to thlat of the alimentarv
canial." [.am not clear exactly whlat Major Hurst lhad in
minild in framing the first part of tlle sentence, but the
lawtter portion is unmistakable. However, Major Hurst is
evidently not entirely satisfiedl withl thsis viewv, for Onl
p. 106 lie adm1its thlat it is uncertain whlethler thle pr1imIary
infection i.s dulodenal or thlroughl thle blood.

WWillcox (1916) also inclines -to the opinion that -the
epideemic jaundice of camiipaigns starts as a gastro-intes-
tinal infection, and that clholangitis follows fromll spread
froim tlhe duodenum. hllis view leads botlh Willcox and
Hurst to tlle coniclusioln that infection is con-veyed by the
alimentary tract.

It is witlh trepidation that I eniter tlhe arena against
Lieutenant-Colonel 'Willcox and 'Major hIutrst when' tlhe
comlibat is over matters largely cliniical, but it seemI1s to mic
ulnfortunate tlhat, in the abseince of defillite knlowledlge of
tlhe etiology of the dlisease, these gentlemeen shiould thus
liglht-lieartedly throW. tlhe weiglht of their autlhority in
favour of one possible interpretation of its pathology and
mietlhod of spreadl. I submuit that tlle picture presenited by
tlle inifectious jaundice at Gallipoli, and the miiorbid
anatomy, mieaare as it is, are more consistent with tlhe
view that we are dealing with a lhepatitis following a
systemic infection tlhani witlh that of a catarrhlal jaundice
fromii plugging of the bilo dlucts fromii extension of an
inflani-imatory process froim the duodenuml.
The reasoIns wllich influence ie in arriving at this con-

clusion are briefly:
1. The illness is uslhered in by a febrile attack lilke

influenza, but usually of slhorter (lutationi.
2. Jaundice does nlot occur for sonme days, and is pre-

ceded by swelling and tenderness of tlhe liver.
3. Bile is rarely completely prevented froim entering the

intestine.
4. Thc spleen is often enlarged.
5. Albtiiy-inuria is not unconmimoni.
6. Notwitlhstandiing the comparatively sliglht initial

illness the existence of a serious toxacimia is inidicated by
lassitutde, which endures for somiie we-eelks, and evidence of
inyocalrdial poisonling.

7. Histological evidence of necrosis of liver cells and
inflammlmation around the portal areas.

SUMAIAIY AND CoN-CLu'SIoN-s.
1. No parasites were discovered in bloodl filmus talken

dtluing thle (lisease.
2. Blood cultures were sterile unless the jauldiice super-

vened during an attack of typlhoid or paratyphoid.
3. The observationis isiade at No. 3 Australian General

Hospital at MuLdros do niot support tlle conclusioni of
MA. Sarraillh6 and Clunet at Cape I-lelles that tlle jaundice
was miierely a maniifestationi of paratyplhoid feve-.

4. Bacteriologyical analysis of duLodenial contents removed
fromnpatients affords lno justificatioln for the vicev that the
jaundice was duie to a bacterial infectionl spreading up tlle
bile duicts.

5. Tlle livers of two natients wlho succuimibed during, tlhe
convaleseenit stage of jaunidice slhowed microscopical
evidenice of lhepatitis witlh nlecrosis of liver cells.

6. It is poinited out tllat the inifectiotus jaun,dice of
Gallipoli, althouglh m-luchl miilOer, presentis alalogies to tlh(m
severer formi spirochactosis icterolhaem-iorrhagica, alnd it is
contenided that the symuptoinatology anid miiorbid hiistology
are conisistent withl the viewv that it is primarily a systemici
inifectioni.
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