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INTRODUCTION

During tle spring and smmer of I942 an outbrak of jaundice of
considerable _a~tudb occufred in the Army of the United States.
General infm tion c tis outbreak has been given by the
Surgeon GCenral in a rr letter which was ubised m al
journals.1 As stated this clar, grups of i v s were as-
signed the study of vaIous asp s of the dise ; i of its
pathology was conducted in Laboratories of the Army Medial
Museum, where material from aIl available sources was assembled.
This paper is based upon a study of 125 cases; the pat
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the military personnel and, in addition, a number of civilians who died
during the outbreak. The contents and arrangement of the paper are
given above. The study does not indude a consideration of the eti-
ology, nor of the clinical manifestations of nonfatal cases; these aspects
are dealt with by others,2' in reports in which the relation of the
administration of yellow fever vaccine, containing human serum, to the
outbreak of hepatitis and jaundice are considered in detail.

Historical
Epidemics of Hepatitis. The disease which is variously known as

epidemic hepatitis, infective or infectious hepatitis, or epidemic ca-
tarrhal jaundice is not new. Outbreaks with similar clinical and patho-
logic manifestations have occurred for at least the past ioo years.--8
The disease has always been prevalent in armies, and particularly

so in times of war. Hence English writers have referred to it as camp
jaundice, or epidemic catarrhal jaundice of campaigns,9 French writers
as "jaunisse de champs," 10 German writers as a "Kriegs" icterus ca-
tarrhalis, or "Soldatenkrankheit" icterus.11 12
One of the largest of recorded epidemics occurred in this country

during the Civil War."3 During the first year there were 10,922 cases
with 40 deaths among the Federal troops (the mean strength of the
U. S. Army being 279,37I men). During the second year 32,154 cases
occurred with 119 deaths (mean strength of Army, 614,325 men).
During the third year the epidemic declined; there were 9057 cases
and 67 deaths (mean strength, 619,703). In the fourth year the num-
ber of cases had fallen to 294 with 5 deaths (mean strength-of Army,
89,143). Woodward " in his book on "Outlines of the Chief Camp
Diseases of the U. S. Armies," published in I863, gives an excellent
account of the clinical course of the disease.
"When this form of jaundice attacks a regiment or an Army, it usually appears

in a number of cases simultaneously or in dose succession like other epidemic dis-
orders, lasts in each case from one to six weeks, or even longer, and then slowly
disappears. The appearance of the icteroid hue is, as a rule, preceded by more or
less derangement of the general health; sometimes, however, only by a few days of
headache, constipation, and malaise, and occasionally the discoloration of conjunc-
tiva and skin is the first noticeable symptom. The color of the skin may vary from
a scarcely noticeable tinge to a deep tawny-orange color; this condition is accom-
panied by depressed spirits, intellectual torpor, loss of appetite, general debility, and
uneasy sensations over the region of the liver and the stomach. Hepatic tenderness
is a very variable symptom; enlargment of the liver, as indicated by an increased
area of dulhlss on percussion, is more common. Sometimes there is nausea and
vomiting. The stools are usually clay colored, and the bowels constipated, though
at times there is diarrhoea. The urine is discolored from the presence of bfliary
matters. Very often the patient is so debilitated as to be quite unfit for duty, though
not usually confined to his bed; at other times, however, he continues to perform
service throughout the affection.
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"After lasting a variable period, the syniptoms slowly subside and the patient is
gradually restored to health, the mental torpor and debility persisting often some
time after the icteroid hue has disappeared. he first symptom of amendment is
generally a change in the color of the stools, which gradually resume their normal
appearance. Cases occasionally occur of a graver character than indicated above,
the symptoms of bfliary toxemia being aggravated to stupor or even coma, and
such cases at times prove fatal."

This description of the epidemic of I862 gives a good picture of the
epidemic of 1942. Indeed, with minor variations, the clinical mani-
festations in the many epidemics have been remarkably similar.
During the Franco-Prussian War there were 2344 cases in the Prus-

sian Army, 1311 cases in the Bavarian and 407 cases in the Saxon
Army. 5"1 During the South African War 5,648 cases were recorded.10
In World War I, epidemics occurred in the armies of several nations.
Among the British, so-called catarrhal jaundice first broke out in July,
1915, among troops stationed in Egypt; thereafter the epidemic spread
rapidly to Gallipoli, where 2195 cases occurred from September to
November, and then to Mesopotamia, where 1538 British and 2634
Indian troops were affected.9 " The disease was as frequent among
the French as among the British, but no cases occurred among the
Turks. Among Rumanian troops there was a serious epidemic in the
fall of 1917; one writer s s of it as taking place in an almost ex-
plosive manner. Several thousand men were affected."8 (See this paper
for references to outbr among German troops.) No noteworthy
epidemic occurred in the American Army during the war, but a rela-
tively small outbreak developed in the Army of Occupation.1'

Since the war, epidemic hepatitis has become widely prevalent among
the populations of several countries. Blumer 'o recorded many out-
breaks in the United States, of which more than 200 were observed
during 192I and 1922 in the State of New York alone. Cullinan2'
gave a list of reported outbreaks between 1926 and 1939 in England.
Ruge = recorded an extraordinary rise in incidence of hepatitis between
1919 and 1929 in the German Navy. But it is in the Scandinavian
countries that the disease became especially widespread and virulent.
The extensive literature dealing with these Scandinavian epidemics is
collected in the papers by Ehrstrom, I Wallgren,24 Wickstrom 25 and
Selander.'

In the present War, as in previous wars, the disease has at times
been prevalent in the combatant forces: in the Army of the United
States,' in British Forces 7, I and in the German Army.12 2930 In dis-
cussing the occurrence of hepatitis in the German Army, Dietrich,'
in 1942, stated that it had become one of the most important epidemic
diseases.
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Termnology. Until recent years, the disse under consideration
was universally spoken of as catarrhal jaundice. This term reflected
the views of Virchow3 concerning its pathogenesis and nature. He be-
lieved that catarrhal jaundice is caused by inflammatory swelling of
the orifice of the common bile duct, which, he thought, became ob-
structed by a plug of mucus and desquamated epithelium. Although
he gave detailed directions for opening the duct so as to observe the
ocduding plug, the reader of his paper is left in doubt how often
Virchow observed such an obstruction. In the course of time the cor-
rectness of Virchow's view was questioned by may clinins, and the
hypothesis was proposed that the site of the essential lesion is not i
the extrahepatic bile ducts but in the liver.3" So-called catarrhal jaun-
dice gradually came to be regarded as an inflammatory process in the
liver itself, i.e., a form of hepatitis.
The term "epidemic hepatitis" was first applied by Lndstedt 33 in

I918 to the epidemic form of "catarrhal janmdice"; he proposed this
term in contradistinction to "infectious hepatitis" or Weil's disease.
Lindstedt's nomenclature has been followed particularly in the Scan-
dinavian countries and on the European continent. In the United
States and in Great Britain various terms are in use: infective jau ,
catarrhal jaundice, s-called catarrhal jauice, infectious hepatitis,
infective hepatitis, simple hepatitis, and epidemic hepatitis. None of
these terms is wholly satisfactory. Probably not until the discovery of
its etiologic agent will the disease receive a definitive name. In this
paper, following the rules of priority in nomenclature, the disease will
be referred to as epidemic hepatitis.
The Relation Between the Sporadic (Endemic) and the Epidemic

Form of Hepatitis. It is the consensus at present that epidemic hep-
atitis is the epidemic form of the disease which in sporadic cases has
hitherto been called catarrhal jaundice.7 The sporadic and epi-
demic forms are related in somewhat the same way as are sporadic and
epidemic poliomyelitis or influenza.5 7 Many epidemics of hepatitis
have been traced to sporadic cases, and the two forms cannot be dis-
tinguished on either clinical or epidemiologic grounds.7
Not every student of this disease, however, shares the view that the

two forms are identical. Thus Selander26 in his recent monograph
stated that although the two forms have a very similar cinical picture,
he yet considers sporadic catarrhal jaundice and epidemic hepatitis as
two different diseases. He based his opiLnion on the more gradual de-
velopment of the sporadic disease, which tends to affect adults, whereas
the more rapidly developing epidemic form tends to affect children.
Dietrich,12 on the other hand, came to the conclusion that any differ-
ences in development or course merely represent reactions at two dif-
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ferent age periods. All investigators agree that the question cannot be
settled condusively until the etiology of epidemic hepatitis is estab-
lished.

Mortality. Like the sporadic form, epidemic hepatitis usually runs
a mild course. The mortality is low; the rates in various epidemics,
induding the outbreak of 1942, have ranged from 0.13 to 0.44 per cent.
During the Civil War there were 52,429 reported cases of jaundice
and 23I deaths, with a mortality rate of o.44 per cent.13 During the
previous World War, 1538 British and 2634 Indian troops stationed
in Mesopotamia were affected, with a mortality of o4 per cent.17 The
incidence in the German Navy between I9I9 and 1929 was approxi-
mately 2500, with a mortality of 0.13 per cent.n During a large epi-
demic in Finland, between 1933 and 1936, the mortality was o.34 per
cent.?A Selander n estimated the mortality in recent Swedish epidemics
as from 0.2 to o4 per cent.

In conformity with the policies of the War Department, specific
statts concerning numbers of cases must for the present be
omitted. It is possible, however, to state that in the 1942 outbreak the
mortality was 0.24 per cent, i.e., even lower than in most other recorded
epidemics.

Pathology. Until the previous World War there was no prease in-
formation as to the lesions of catarrhal jaundice. During the war
Epiwnger performed autopsies on three soldiers who died of tauma
The liver showed lesions which he regarded as a miniature form of
acute yellow atrophy. For the first time it was shown by morphologic
examination that catarrhal jaundkice is in fact a disease of the liver.
There was no obstruction of the etrahepac biliary passages.

There have been but few other post-mortem ein s; a case
was reported by Kl'emperer, Kiflian and Hed>, one by GaskeIl,
another by Sdmimpf," one by Barber and Osborn.. All confirmed
Eppinger's findings that catarrhal jaundice is a di which ces
destructive changes in the liver.
To this meager infoation much has been added by the studies of

Roholm and Iversen 3 and by those of Dible, McMichael and Sher-
lock." These investigators mied material obtained for biopsy by
aspiration of the liver during various stages of the disease. It beame
certain that catarrhal jaundice is a form of hepatitis.

Relation of Epidemic Hepatitis (Catarrhal Jawndice) to Idiopathic
Yellow Atrophy. The studies previously mentioned deal with the lesion
occurring in the usually benign, nonfatal case. During large epidemics,
when perhaps the disease becomes more virulent, a much greater num-
ber of patients have been emined post-mortem. Invariably, the liver
has shown the cha of idiopathic yellow atrophy. As early as 1912

475



Cockayne 5 reviewed the evidence for linking these two diseases which
generally had been regarded as unrelated. He cae to the condlusion
that atarrhal jaundice and yellow atrophy are usually due to thes
cuse, a sfic organism of unknown nature. Since the last war, many
observers have commented on the increasing frequency of catarrhal
jaundice, m both its sporadic and epidemic forms, and on the greater
frequency with which acute yellow atxhy (not related to poisons or
bacterial infection) has appeared at the autopsy table. Most of the
cases of idiopathic yellow atrophy have occurred during or shortly
following an epidemic of catarrhal jaundice. In the S dinavian
countries and in Great Britain both dis seem to have been more
prevalent than elsewhere; and in these countries many investigators
have taken the view that yellow atrophy and benign catarrhal jaundice
are but two extremes of one and the same disease.5 7

This view is not shared by all investigators. During the senous
outbreak of hepatis in Sweden during 1927, Bergstrand " studied 95
fatal cases. Yellow atrophy of the liver was found in alL He regarded
yellow atrphy merely as a complication of epidemic hepatfis. Berg-
stand gave no adequate grounds for making this distincton, and his
views were not na y acepted.

During the present war, several papers have dealt with the pathology
of fatal epidemic heatitis: Fox, Manso, Penna and Madureira Pari
reported 17 cases fr Brazil, Cameron27 reported 4 fatal cases from'
Palestine, and Siegmund 3 3 from Germany. Yellow atrophy of the
liver was the common finding in all.

T"ne present study supports the view that idiopathic yellow atrophy
represents the extreme lesion of epidemic hepatitis. It remains to be
eMphasized that this form of yellow atrophy differs anatomically from
the yellow atrophies caused by arsenic, phosphorus and a large nmber
of other cical agents. It also differs from the yellow atrophy of
e a, and that of a number of bacterial infections, particularly
those involving the peritoneum.

Material and Methods
The material available comprised cliical records, autopsy protocols

and fixed tissues from 125 cases. In approximately two-thirds of the
caes the complete clinical data weree ; in the reder, more
or less complete abstracts of the records. All cases had been studied
in hospitals, and all had been diagnosed clinically as epidemic hepatitis
(or as epidemic catarrhal jaundice). Most of the post-mortem exami-
natons were performed by Army Medical Officers; their cooperation
has gratly facilitated this study.

LUIC476



PATHOLOGY OF FATAL IDEMIC HEPATrrTS4

Paraffin sections were prepared from all tissues, and those of the
liver were staind with hematoxylin and eosin, by the Masson-Mallory
method for connective tissue and by Wilders method for reticulum.
In manyi various fat stains were used, and the Giemsa and the
MacCallum in for bacteria. Sections of organs other than liver were
usually stained with hematoxylin and eosin, and frequently by the
other methods. Frozen sections of the brain in selected cases were
stained by Cajal's gold sublimate method and by Hortega's method for
glia; Nissd stains; hematoylin and eosin and myelin stains were used
for paaffn sections.

CLICAL COURSE OF FATAL EPIEIc HEPATIs
Epidemic hepatitis usually is a mild disease; its clinical course is

well known and has been described in numerous papers. There is much
less information concerning the course of hepatitis that terminates
fatally. Therefore, in the present section an analysis is given of the
iical couse of 125 fatal cases. I is analysis special emphasis is

laid on the stages of the disease, on the time at which jaundice, ascites-
and nervous manifestatons , and on the more im rtant labo-
ratory findings. The data wiRl be presented in the form of tables and
graps, so that only a brief summary need be given in the text. Ab-
stracts of representative dinial records will be used to lustre these
data

Age, Sex and Race of I25 Patients with EPidemic HePatitis
The pertinet data are given in Table I. In the present series all

except 4 patents were Wales; 94 per cent were whites, 6 per cent were
colored. This distribution probably relects he plation in the Army,
altough On comparative figures are at present available. Seventy-

TAz I
Age, Sez mi Rce of I25 Patieus *isEpidemic Hepaciis

Numbw of pmtmesb
Ame White Cokwed TOW

(yea)
20-24 *46 (37%) 4 (3%) 50 (40%)
25-29 *4S (36%) 2 (2%) 47 (38%)
30-34 9 (7%) O 9 (7%)
35-39 II (9%) I (1%) I2 (IO%)
40-44 5(4%) 0 5 (4%)
4S-49 0 0 0
45-54 2 (2%) 0 2 (2%)

Total II8 (94%) 7 (6%) 125

AU except 4 Pata5ts we ies
*InCludeS 2 fink.
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eight per cent were below 30 years of age. It is of interest to point out
that fatal epidemic hepatitis was not entirely confined to the younger
age groups; 22 per cent of the patients were above the age of 30.

Relation of Season to Onset of Symptoms and Death

The outbreak of hepatitis began in 'March, reached its peak toward
the end of June and thereafter gradually declined, so that by the end

NOF
CASES

ON I I I
MAPCH APPIL MAY JUNE JULY

Text-Figure i

of August few new cases were developing. It seems of interest to com-
pare the onset of symptoms and the time of death of the fatal cases,
first, with those of the entire outbreak and, secondly, with those in the
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great Swedish epidemic of 1927. These relations are shown graphically
in Text-Figure I. Here the onset of symptoms and the time of death
have been graphed in bi-weekly periods. It wil be seen that the peak
of onset of symptoms in fatal cases (shown in upper part of the figure)
corresponds dosely with the peak for all the cases of the epidemic (this
peak is indicated by a solid trangle on the top line of the graph).
The modes in these two graphs are approximately 4 to 6 weeks apart.

TA= It
Duration of Diseas in II8 Cases of EPdemc Hepattis

Duration No. of cam Per cent of cases

(days)
LIs than Io 0 0

I0-I9 14 II
20-29 20 16
30-39 31 26
40-49 20 '7
So-59 8 7
60-69 8 7
70-19 9 8
8&089 0 0
9-99 5 5

Over Io 3 3

T"nat this length of time represents the most frequent duration of the
disease i confirmed by the data given in Table II.
A similar relation between onset and time of death is shown for the

Swedish epidemic at the bottom of Text-Figure i.

Course of Fatal Hepatitis
Three distinct phases in the dinia course of fatal htitis may be

recognized: a pre-icteric, an itermediate and a final phase. The inter-
mediate pbase begis with the onset of jaundice and, in these fatal
cases, usually ends abruptly with the appearance of new grave symp-
toms that presage the fatal terminaton. The time relation of the three
phases is shown in a graph (TeXt-Fig. 2), where the ordinates give the
number of cases, and the ab e the duration. The pre-icteric phase
in the great majoritY Of cases lasted 7 days or less, and shows little
scattering (see also Table M). In the itermdiate phase, however,
there is considerable scattering, though in the majority of cases the

TAmZ M
Interv Betwex Onset of Symptms and Appearance of Janic i 77 Cases

of Epidemic Hepatitis
Intemr No. of cases

(days)
'-4 37
5-9 29
10-14 9
I5-19 2
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duration was 26 days or less. Tne final phase, in the majority of cases,
ran a course of io days or less.

Text-Fgu 2

Ixiti Symptoms. The initial s , i.e., those of the pre-icteric
stag, are preented in Table IV. 'The most common initial mani-
festIo of the are an ia, nausea, dark urine, inal

TM IV
luitid Smpes in no Cam of E$dk Hpctis

Symptm N:o. dcs *Fe oatoc
am . .. .. . .. .. . .. .. . .. . s71
Nasm.a...... 62 32
Dkum .......... 39 33
abmldistrhs .---------- 37 31
V o iti....... 29 24
MA ............................... 23 21

W4ek .................................. 24 I20C@uution........................ 14 12
Hinkbdbm .......................... 14 12
Fatigr ................................ 3 8
Backadme ............ ... S4
COU .......... ......... .........

3 3

1 ...................................... 3 3
Cb rl ... ...................................... 2

2

Ulf=l.2......... ..................... 2 2
-.em di* .............................. I I

No in ... . . ................... Is
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distess, vomiting, malise and weakness. It should be emphasized
that whereas approxmately half the patients gave a histry of nausea,
only a quarter of the pats

Intermediate Phase. In the majority of cases the clinical picture m
the intermediate phase gave no indication tthe d ise was not

to rl~~bnim Many -twregoing to rnthe usual beincourse. Mayptets weeambulatory.
In many instne the rds tain statements such as "not acutely
l," "geral citn good" "appears to be doing well," cunventful
course." In a considerable number the initial ms abated and
thepats appeared to be steadily impoving. Only in the excptional
case was the course grave from thbe ing.

TME V
Dtin of Fina Phae in 73 Cass of EAiemic Hepatitis

Dwatim No. of

(days)
Upto4 26
S-9 21

10-4 13
i5-19 10

zoad over 3

Finl Phase. A sudden dramatic change for the worse in 73 cases
ushered in the final phase. The ara c haes w ervous
sympt , as;tes and persistent vomiing The dura of this e
is shown in Table V. In over 6o per cent of the cases, death ocred
withi I0 days from the apance of grave symptoms. Only 3
atients survved longer than 20 days (Table V).
Nervous Maxfestations. In the great majority of cases the patients

had signs of ebral involvement. Particularly notety were leth-
argy or coma, alternating with retle s, excitement and dem.
Other maniftation were n spe , m clar w , and

of deep and su l reflexes. Nervous mani s
ually ushered in the fina phase; they red the tuning point. In
a fe cases, however, these manifestations apeared earlier or ese
were agonal (Table VI). The clinical course is lustated by repre-
sen1ative cases.

Tmz VI
1nerva Beween Onset of Nervous Manifestations and Death zx

88 Cas of ic Hepati
intuval No. of d Per cet of

(days)
Upto 4 53 6o

5-9 19 22
10-14 8 9
15-19 6 7

20 and over 2 2
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ILLUSTRATIVE CASES
Case 8

Clinic Cowse. The patient was a white male, 28 yeas old, who was wel until
the end of March,I94 . He then had nausea anddiarrhea; later, a b-

dinal distrs. On April 2, the wasslight he was not Il and co-
tinned an dut until April 25, whe he was admitted to staL Tmprate,

pupse a i we normal; liver d, tender; une, p enttra ces
Of albumin and bie; stools, day-coloredMa y5 : poor apeie compainedo f

being light-heded and diy; liver, elared and tender. May 8: slightly stuporus,
smwhat confused. May 3i: rapidly d g s; sharp p cn es; blood
pressureI508/85 ; disoriened and irat r change for the worse;alte rnat
pod of c a and m. May I5: very toxic and deli s; did not respond
to u S. MayI 6:comat ose; rapid decine; vited browni shmaterial; died
0n this date.

Case 13
Clinca Cowse. The patient was a white male, 26 years old On Aprl 4, 1942,

there was anora and later vomitng. April9 : jaundiced. Admitted on April 29,

deeplyjaui diced, tired, no fever; pulse, 76; abdo lefl at; liver not

palpable hbt slightly tedrMay S: tmperature rose toI 0I° F.; blood pres
0/80; markedlyde ted. May 6: s ewhat stuporus; int nt s

ofleft musde; jeried headftn side to side; t end

s

hyperactive hitary iately equa on the twosides; sustainedankleconus;
Babinski refex tive. May 17: bdomen d; pa tesis, 6oo cc. of fluid
withrawn. May I9: paracetess,I50oo cc. of fluid with May 21: cent

sis,I500 cc. of fluid wiawn. May 22:stUporpres intocoma. May 23:
did

Labortory Findbis.
Urfinlyses

Date Color Speficravit Albumin Acetone Sugar Bile
April30 Dark I .OI - + +
April30 Coffee 1.0Is + - +

May - +

May 2 + ++

May s Coffee I .OIO Faint trace - - ++
May 6 ++

Blood Counts
Red blood White blood

Date cells cells Neutrophils Lymphocytes Monocytes Eosinophlls
(msiies) (Pt cent) (per cext) (Per cad) (Per cext)

April 30 485 9,300 59 27 2 I
May I 5.4 7,200 6o 23 12 2

May 4 5.62 7,450 48 42 9

May 5 S531 5,85o 56 30 10 2

Examination of Feces
Date
MayI Gray, no bile present
May 6 Clay-olored

Chemical Examination of Blood

Icterus Van den Bergh Serum protein
Date index reaction Total Albumin Globulin A/Gratio(gin %) (gin %) (gin. %)

May 2 164 + (direct)
May 3 132 + (diret)
May 5 120 + (direct)
May 25 120 54 I.5 3.9 045
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Case 27
Clxia Comse. The patient was a white male, 33 years of age. On May 13, he

omplained of hedache, nausea and malaise. May 2o: "dark" urine. May 23:

lit-colored stools; moderate degree of jauice. Upon admission on May 23, did
not appear acutely il; liver moaty tender. May 26: no claints. May 29:

appetite decreased, jauMdice more marked. Condition ained the same until June
3, when liver became moderately enlar , tender. June S: tric
distress. June 9: became Odeios and tial, slit convulsive movements;
bloodpressue, II6/64; t pulse and rati normal. June ii: after
return to normal mental state, agai etrmely restlss and semi-deirious; spas-
modic mov ents at intervals, such as jering of head and contracting of aboinal
muscles, not convuilive; at timesa wred questions rationally, at othertimes was

irratoal; intselyjaunied; no vomiting; later in day became very drowsy, fel
aslep while eamined. June 12:delirium perssted, noisy, very retles; cried out
asif in i; cmatose. JuneI3: condition essentially unhangd. June 14:
much impved; ed to question and was ational for short periods. June
i5: agam deirious; p ve Babski reflx; ane donus. June I6: vomited
coffee-udmaterial; later, deep coma. Ju 17: bro n iet;

cndition very poor. May 23 to June ii:te te, 97.60 to 9840 F.; pulse,
68 to 8o; respiratio,I8 to 20.Jme i to June 17:slightly febrile,temperatue
was 99.20 to ioo.o F. JuneI7: died.

LaboratoryFgidixgs.
Chemical xmination of Blood

Icterus Nonprotein Serum protein
Date index nitrogen Sugar Total Albumin Globuin(mg 'Yo) (mg.%) (g-So) (go%Y) (a 9'o)

May 26 42

JuneiI 20o 40 62
June 12 70 6.2 3.0 3.2

JuneIS 45 112
JuneI 16 I6o

Blood Counts
Red blood White blood Polymorphonuclear

Date cells cels leukocytes Lymphocytes(s)iow) (Pf Cod) (ps Codt)
June 12 4.8 o,ooo 8I x6
JuneI6 45 io,ooo

Urinalyses
Date Albumin Bile

June 12 + +
JuneS + +
JuneI6 + +

Case 76
Cliia Cowrse. The patient was a white femaledvaia, 27 years old. She had

not received yellow fever vaccine. In April, herhurband, an officer, had a mid
attack of ptitis which lasted about month.l le patient herself was wel until
AugustI, 1942, whe generl malaise developed and her bep n tofail.
August jaundice deveped Admitted on Sep 5, modetely iced;
blood presure, 118/78; liver tender and moderately During her early
stay in the hospital was occoally jaund hit felt fairly well; appette was
good. Sptber 9: jaunice had de ;defnit nausea. Uneventful, afebrle
course with small improvement until October ii, when swelling of face developed
due to infection of right lower molar tooth; ular fever dun this perod;
jaundice wasdecreasng. October 5: diplopia developed and continud October
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28: Speech becam hke that of an intoxiCatpern; normal dear-cut pr
tion altered so that her wds we diffcut to understand. O e : very MO-
tional,-alterating periot oofmp a and cring; regad to
but oeted with rard to and pers; hthick and slud;

reexs normal, i aI al reeoes coid be dm s ; -
decrem in motor power and musce t which was ed to poor p
condiion rather ta to involvin_t of cenal nervos system; cincal
of acute tozic encepalitis. Octbri: vilently deliious, sICye andtrw to
get out of bed; Una to take food by nuth. November 2: titingmo ts
of hans and feet. ee had bee a gradual rise in I to o6 F. frnm
Octoer 3 to November 4. November 4: died.

.Pbo.atory Fidixp.

Date

Sept. s
OCt. 20
OCt 22
Nov. 2

Date

SePt. 7
Sent. 9
S14
Sept. 2s
Oct. 5
OCt. 12
OCt 29
Nov. 3

Red blood ce

3.4
2.7
2.7
2.8

Icterus
index

zOO
lO9
123
IS4
'47
I56
76
zI6

Blood Counts
Polymrphonucear

White blod
(PM Cut)

43400 69~~~~69
4,700 70
irx,6oo 89

C ical Examniation of Blood
Urea Nonprotein Serum protein

nitrogenL,= itrega Total umin
(mg %) (mg %) (gm %) (9m %)

34 64

Lymphocytes

30
3'
27
7

Globulin
(gin %)

7.2 3.9 3.3

Urnalyses
During early stay in hoit, o min la, tace to mod ammnt.

Case I2I
Cisdi Co4ws. 'Te patient was a white female cvilian, 23 years of a, who

had r ceved yellow fever vaccne. About Decmber I, Izip, thee was dyspep-
s* cstpo lasi r weakness; sdenly b m jadicc& De-
Cesaber 18: admitted l)ecenber t9: t r 98° F.; eo;
I8; blood pressue, IIQ0 ; albuinsia; d sidb. By J
iDy 22, icted i had fallen to 14 G a iml; ptit-
tuned to her home. IUp re ianc on Januy 28, albnnmt was distede;

mdre ur fever; comaid of geewa aching Febray 6: paracentesis,
i6oo cc. of bile-stained fudr Fbdruary 8: idformed rapidly; pitiat
beame stu ms and ia lat comatose; general codto poor. Febray
Io: died.

LAboatory Findixg.

Red blood

4.8
3_6

Blood Counts
White blood s

8AP
S,100
8,I00

Date

Dec. I9
Feb. 3
Feb. 6
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Chemical Examination of Blood
Date Icterus index Urea nitrogen Sugar

(mg. o) (mg. %)
Dec. i9 I88
JanL 22 148
Feb. 6 140
Feb. 7 22 104
Feb. 9 I86

Ascites. Ascites was ommon, ccung about two-thirds of the
cases. In many cases the day ofa of ascites was known. The
records stated that on one day the patient's abdomn was flat, and on
the next it became dided. Thus, the onset of asctes was usally
sudden. Ascites was a late maniftation; usuallyonly a few
days before death (Table VII). There was one itance which
markced asctes developed relatively early, and after lasing seeal days

Tmz VII
Ixterwl Betwee Oaset of Ascits ud Death ix 45 Cas of E ademi Hepatis

lateryl No. of ca Pa cent of

(days)
1-4 22 49
5-9 To 22
10-4 3 7
I5-19 4 9

20oad over 6 13

Case Ioo
Clmxcal Cows.. 'Tbe patient was a white m 27 years od. On June I2, aptite

was poor; nausea but no Voit; urIe "dar; it at Some days later
bee nauseated but did not ; y-cokord; noticed that

fatty foods i y disg d w ith him; slight aini t upper rant.
Admitted on June 22, with date jauice; blood presse, 130/60; abdo
flat; liver slightly tender, not about the unti
June 28; paet was ing we; had no c pints; was ambuatory. JulY 4:

ndice ned; sti afebrle; went to mess hall and ate weEL July 12: codi-
tio remained as stated. July IS: complained of not feeling wel; j ice of about
sam tty; liver now painful and tender, not elar ; no fever. July 2o:
had been voiting; liver moderately elard; pained of rig t er
quarant; no ab ial uid; no edema. JUly 21: sated; u fotable; pai
in e um tv ed oc y; loked sick JUlIy 22 a i fluid S
pected; liver ly ter; much pai ight ur q ant; slight fever;
seemed much worse; flan sightly bulging. July 23: ue, ulwse and
respiration were normal; abd more ended July 24: slight rise n tempera-
ture; blood presse, I20165; abdoinal fluid;-ofedn a around an .
JUIy 2 paracntesi, 3500 cc. of bile-stained fluid rmoved; t ue, ror F.;
stools cotained bIle. July 26: coditio better; edema of an had
deared, but abd i id had aga ac ated JUly 27: paraCentesis, 3300
cc. of fud withdrawn. July 28: continued to rm low-grade fever; a mial fluid
recurret; patient rained conscous and rational; liver sightly elarged, but not
tender. July 29: paracentesis, 2700 cc. of flid witdrawn; liver stiII p , not
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tender. JulY 30: patient in good spirits; felt better; temperature, pulse and respira-
tio were normal; "ate three times today and for lunch had a lean steak." August
3: felt better, more alert, but had low-grade fever. August 5: paracetesis, 2300
cc. of fluid withdrawn. August 8: abdomen flat; no fluid; liver at costal margin;
appetite still good. August I6: patient was not i te in food or in his sur-
omdings; loW-grade fever (te eate, 99.o0 to 99.60 F.). AugUSt 2I: no in-
terst whatever; reflee hypertonic. August 25: spech surred and indistinct;
responsslow mad frequetly Unint ; mperature, ioo F.; liver apparently
had sbnmken AUgust 28: bilatl ankle donus, bflateral Babiuski reflex; super-
ficial reflexes hypeactive. August 31: s r . September 5: comatose; made
smackin oises with lips; convulsive jerks of eyeballs; temperature, pulse and
respiratn were essentially normal. September io: gradual rise in temperature to
io4 F. on day of death. September I3: died.

Laboratory Findings.
Urinalyses

Date Spedfic gravity Albumin Sugar Bile
JUne 23 1020 0 None +
July 21 015 O None +
JUly 25 1013 0 None
July 27 0OI5
Aug. I9 1014 + None
Aug. 3I 1004 ++++ Trace
Sept. 8 1028 Trace ++
Sept Ii 1+014 +
Sept. 13 1020 +++ +

Chemical Fxamination of Blood
Serum protein

Date Icterus index Nonroten nit Total Albumin Globulin
(JM2 %) (gia. %) (gi. %) (gi. %)

June 23 90
July 21 5.28 2.79 249
July 23 II6 43.5
Jul 26 135 35
July 30 92
Aug- 7 50 35
Ag. 17 57 36 8.24 6.68 I.S6
Aug. 24 37
Sept4 28

Symptoms and Laboratory Findings
Analysis of symptoms and the results of laboratory examinations

have been restricted to the following: temperature, pulse rate, blood
pressure, e inaton of liver by palpation,r rence of attack, hem-
orrhages, red blood count, leukocyte count, differential white conmt,
pLasma pmteins and icterus index In this analysis, the intermediate
phase has arbitrariy been divided into two periods, namely, the first 3
days after the onset of jaundice, and the later period.

Temperature. An analysis of temperature is given in Table VIII. It
will be seen that 92 per cent of the patients were afebrfle during the
first 3 days after the onset of jaundice. However, subsequent to this
perkld 41 per cent developed fever. This usually was of brief duration.
Since in many cases plasma, glucose, or whole blood was administered
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intravenously, the febrile episodes cannot, with certainty, be attributed
to hepatitis. Perhaps the most significant fact of the analysis is that
approximately 6o per cent of the patients were afebrile throughout
the intermediate period, but during the final period fever developed in
the great majority, 89 per cent. Usually there was a sharp rise in tem-
perature during the last 2 or 3 days of life when the patient was mon-
bund (Text-Fig. 3).

Pulse Rate. In contrast to the bradycardia which is so common in
other hepatic diseases, slowing of the pulse in this series was observed
but seldom.

TABI VIII
Temperature ix Cases of Epidegic Hepaitis

Numbe of caes
Intermeda period

First 3 days Seqar i_~_t to Fmnal period
afe first 3 daysafw~~~ ~afe jaundic

Afebrile 24 (92%) 20 (S9%) 6 (xI%)Febrile 2 (8%) 4 (4I%) 49 (89%)
Total no. 26 34 Ssof Case

Blood Pressure. During the termeiate period the blood pressure
Was usualy normal. With the onset of nervous manifestations, the
pressure tended to rise. Representative examples follow: I44 systolic,
94 diastolic; 170/90; 10/80; 155/70; 150/92.

Palpati of Liver. During the first 3 days after the onset of jaun-
dice, enlargment of the liver was found in approximately one-half the
patients (I5 of 28). Later, in the intermediate stage, enlargement was
still more common (29 of 34 cases). Enlargement was usually asso-
ciated with tenderness. During the fina phase the majority showed
shrinkage of the liver.

Recwurence. In only one instance did symptoms recur after an
apparent recovery.

Case II7
Ccal Course. 'he patient was a white male, 22 years of ag. In April, I942,

he noticed increased malaise and frequent ns . He later became jaundiced
and was admitted to hoital, where he rained for 7 weeks. Course was un-
eventful except for daily rise in temperture, which usually reached a peak of
I03° F. in the evening. Icterus index was as high as II3. His course, except for
the fever, was simil to that of about 20 other patients with jamdice who were at
that time hoalized June 8: transferred to another hospital; moderately ill,
Undernourished and jaundiced; liver enlarge and tender. Icterus index varied from
20 on admiSSion to 120 On July 27, and then adually fell to ii. Afebrile. Tem-
perature, pulse and respiration had been normal since June 23. SteadY impre-
ment in general condition. September 14 to October 13: sick leave. October 27:
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retunled to duty. November 27: aga became jaundiced. Decenber 5: readmitted,
apparently not acutely i De ber II: am tory; did not feel Il, no fever.
December x4: nausea and v g; ja ce had deene; dull aching in
right upper quadrant; stools had varied from day-colored to lHt gray. Deaember

Text-Figure 3

1 i -I-

us

*.=S~~~~I

I8: icterus index, iIo; white blood cell, 4,oo. December 20: icterus ndex, Iso.
Deember 21: vomited bie-stained material; stools brown. December 23: jaundice
somewhat soe ss in right upper qdrant. December 28: def-
initely warse; disoriented; later semicomate and storo. December 29: died.

LUCX.488
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Hemorrhages. were common, especially in the late

period. Their mcidence and distribution were as follows: petechiae of
the Skin m 20 instances, vomiting of blood in 20, epstaxis II and
other bowel, turia and

bleding from ary tract) I6 in .

Blood Counts axd Hemoglobin Determination. Representative ex-

amples of blood counts and hobi determinations from 7 ase

are given in Table IX The diferential wite counts include oly

neutrophUs and lymocy
Erytkrocyt Count. Erytocyte counts in the different phases of

are sum in Table X During the first 3 daYs after

Bood Couxts in Rcpreeti C.s
Case n and datim Date Red Hem- White Neutro- Lym,h.

I lCoba t philS cyte

No. 25. A.LMM* no. 83171 (=eu) (pf cat) (C*fca)(tev cat)
Onset, 5/29/42 6/6/42 4.26 75 7,500 64 32
Death, 6/27/42 6/26/42 3.88 70 4,550 57 34
No. 3o. A no. 83312 5/28/42 441 85 6,S0o 52 48
OBet, 5/24/42 6/19/42 4.00 so 5,200
Death 6/x8/42
No. 5S2. A no. 83747 5/14/42 4.SO so 4,25o
Onset, 4/30/42 7/8/42 3.10 so 13500
Death, 9/15/42 7/15/42 3.8o so 9,100

8/2/42 2.75 55 IO3,80
No. 59. A-M-M. no.83833 7/7/42 4S65 78 8pWo 50 4v
Onset, 6/ 4/42 7/8/42 4.55 75 7,000 65 3o
Death, 7/13/42 7/13/42 3.73 5,A 79 21
No. 84. A-MM no. 84422 6/16/42 4.6 so 3,600 5I 49
Onset, S/24/42 6/21/42 5.3 95 9,200 56 44
Death, 8/27/42 6/23/42 2,80 40 6o

7/2/42 56Ao 50 S5
7/6/42 4.9 80 4,100 64 36
7/29/42 43 85s o 63 37
8/12/42 3.2 75 5,300 78 21
8/14/42
8/18/42 2.9 400 68 30
8/24/42 4.0 so 9,400 84 15

No. 86. A-MM no. 84so6 6/21/42 4.50 6,70
OnSet, 5/25/42 7/7/42 3.S5 so 4,200 67 33Dbth, 7/26/42 7/16/42 3.00 75 5,0

7/19/42 2.20 65 5S6oo 63 37
7/25/42 347 65 9,700

No. zoo. A M. no. 85431 . 6/22/42 4.1 85 6,4O 70 29
Onset, 6/12/42 7/20/42 6,ao 63 33
Death 9/13/42 7/23/42 3.8 87 5500 62 38

8/2/42 3.9 7,700 6i 38
8/11/42 3.2 9 65 32

8/12/42 7,100 75 35
8/16/42 4.3 9,500
8/24/42 3.1 73 7,7w0 74 21
9/10/42 21,000 80 20
9/10/42 76 2200 83 17
9/11/42 3.7 31,00 83 I8

*A.M-M. = AuryMuedials



jaundice developed, the counts were approximately normal. Later the
erythrote count fell. During the final phase definit anemia of sec-

ondary type was evident m approximately 40 per cent of the cases.

Leukocyte Count. The results of leukocyte counts are given in Table
XI. Slight leukopenia was evident in nearly of the cases early in

TAmz X
Erythrocyte Cont ix Cases of Ep"emic Hepaitis

Number of a

Erythrocyte count ItrmdtePCslO
DIi.g iM 3 days 9n t to fihst 3 days Final peiod

after wK aft _

(MdMM)
Over0 5 (22%) 9 (27%) 9 (24%)
4--9 I8 (78%) I6 (48%) '4 (38%)
3-3-9 0 s (IS%) IO (27%)
2-2.9 0 3 (9%) 4 (12%)

Totalnumberof ca 23 33 37

the ntermeliate phase. eIukocytosis during the intermediate period
occurred in relatively few. The counts during the final period were

s ingly diferent. The few patints showe leucopenia, the majority
having mild leukoytosis. This leukocosis was probably reated to
terminal events, such as lobular pneumonia and phlegnonous inflam-
mation of the gastrointetinal tract

Differextial White Blood CeU Couts. The results of differential

TAZ XI
Leukocyte Coat in Cases of Epideic Hept

Nuir of css

e J.uerlk
DIimg it 3 dys S I.tqintto 3 ds Final period

afte as afrt _____

Below 3.0 0 I (2%) I (2%)
3-0-3.9 0 0 I (2%)
4.0-4-9 5 (I7%) 4 (Io%) 4 (7%)
5.05-9 9 (30%) 9- (22%) I (2%)
6A6.9 2 (7%) 7 (I7%) s (9%)
7.0-7.9 3 (I0%) 9 (22%) 4 (7%)
8.o-89 6S2)2o% 6 (IS%) 6_ (xi%)

9A"-9 3 (I0%) I (2%) 6 (II%)
Ioo-lI.9 I (3%) 2 (5%) 7 (I3%)
IIA0-II.9 0 0 0
12.0-12.9 0 0 7 (13%)
13.0-X3.9 I (3%) 0 2 (4%)
14-0-14-9 0 I (2%) 7 (I3%)

I.oandover 0 I (2%) s (99)
Total number of cases 30 4I
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counts are shown in Table XII. In this table the dotted horizontal
lines mark the boundary between the normal and the abnormal. There
was a relative lymphocytosis in two-thirds of the cases during the early
days of the itermdiate period By contrast, during the fina period
a relative lymphocytosis was uncommon.
Plasma Proteixs. In severe damage to the liver the plasma proteins

would be expted to fall. In this series such a fall frequently did not

TA= XII
Dilerex Wite Bood Cel Couxts ix C"s of HHepati

NUme of ca

Inemdae-.

Duriug lst 3 days 9 t to fist 3 days Flp d
after ja_&c r ade

(per cadt)
40-49 0 2 (IO%) 0
SO-j 5 (28%) 6 (30%) 3 (12%)
60-69 IO (56%) IO (50%) 2 (8%)
70-79 3 (I7%) 2 (IO%) IO (38%)
80-89 0 0 8 (31%)

goadover 0 0 3 (12%)
Totalnumber of ca I i8 20 26

Lymphocytes

50-59 0 2 (I0%) 0

40-49 5 (28%) 7 (35%) I (4%)
--- --39 7 (39%) 2 (IO%) 4 (I5%)

20-29 5(28%) 8 (40%) 9 (35%)
BeloW 20 I (6%) I (S%) 12 (46%)

Total number of cases I8 20 26

occur, probably because of therapeutic aiministration of plasma or
whole blood. Representative examples are given in Table XIII.

Icterus Ixdex. The icterus index in a number of representative cases,
together with dinical abstracs, is given in Table XIV. The index is
above normal. It fluctuates irregularly, but in the majority of cases
it tends td rise. Exceptions to tis are stum in Table XV.
The icterus idex during the three phas of h titis is shown in

Table XVI. During the first 3 days the index was below ioo in the
great majoritr of the cases. Subsequently it tended to rise, particularly
so in the final period.

PATHOLOGIC ANATOmy

As has been stated, in every instance the fatal cases of epidemic
hepafttis presented lesions in the liver that correspond to so-called
idiopathic yellow or red atrophy. This condition has been described
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in detail by numerous writers, and the literature on the subject has
been eaustively summanzed by Roman 3 and by Herxheimer and
Th6lldte." The paper by Wilson and Goodpasture" serves as an
exellent introduction to the subject. It would be repetitious, therefore,
to go into morphologic minutiae.
The chnges observed will be presented in the following order: liver,

v

TAME XIII
Pasma Proteips in Represetative Ca

(g,. Per IoO C.)

Total
Case no. and duration Date protein Albumin Gulin Remarks

No. 52. A.M.M.* no. 83747 5/16142 6.5 3.7 2.8 No a
O 4/30/42 S/29/42 6.9 5.2 I.6
Death, 9/I5/42 6/ 6/42 7.7 3. 3.9

6/x5/42 6.7 44 3.3
6/29/42 5.5 3.1 2.9
7/15/42 5.0
7/20/42 54
7/29/42 6.7
8/ 5/42 7.2 49 2.3
8/10/42 7.6 5.0 2.6
8/1I7/42 7.3 5.7 I.s
8/24/42 9.2 6.S 24
8/31/42 7.2 4.7 2.5
9/ 7/42 7.2

No. 84. AM-M. no. 84422 7/ 8/42 5.26 3.31 1.95 Asdtes
O 5/24/42 7/13/42 4.40 2.75 I.65 7/2/42;
D)eath, 8/28/42 7/16/42 4.9 repat

7/20/42 4.69 2.87 O.5 paracente-I
7/23/42 3.6I 2.10 1.27
7/29/42 3.99 2.59 1.14
7/30/42 5-14 2.54 2.40
8/ 3/42 5.08 3.03 2.05
8/13/42 5.90 3.65 2.25

No. 89. AMM. no. 84856 6/25/42 5.68 Asdtes dur-
Onset, 6/1/42 7/ 4/42 6.6 4.3 2.3 ing 4lt
Death, 8/18/42 7/20/42 6.65 3.7 2.6 few lays

8/10/42 4.1 of life
8/I5/42 34

*AM ==Army Medical Museum.

gallbladder, regional lymph nodes, asctes, spleen, gastrointestinal tract,
hemorrhagic phenomena, bone marrowr, kidney, testis, and brain.* No
significant changes were found in the other organs.

Since no verbal description can give an adequate picture of the gross
and microscopic changs of any disease, this paper is liberally docu-
mented by photographic illustrations.

* Major Philip Custe examined many sections of the bone marrow and speen, and
Ctain Webb Haymaker those of the brain. This study has been greatly a2ied by their
ldiw
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Liver

In al cases the liver is the site of the principal lesions and presents a

characteristic picture. Without exception the changes are typical of
idiopathic yellow atrophy.

Gross Appearance of the Liver

Grossly the organ is usually reduced, at times to less than one-half
its normal size. Most often it weighs between and 1200 gmi Re-
duction in weight, however, is not invariably found; in approximately
one-fifth of the cases the weight of the liver falls within normal limits
or is actually above the normal. Generally seing, the smallest livers

TAMZ XIV
Iterus lxdez as Representative Cases

Case no. IIct
dduraion Date ind Cnical at

59 6/X3 36 White, male, 26 years old. 6/4: weakness, nausea,
Onset, 6/4/42 6/17 78 headahe, anlorM generalized aching, "dark"
Death, 7/13/42 6/24 '43 urine. 6/12: t; perature, pule an

6/29 127 r normal; blood pressur, 114/80. 6/I5:
7/I 136 ver slihtly d. No change until 6/26, then
7/7 177 abdomi pain; liver more enlrged and t
7/10 210 6/29: orous; occasional nausea and vomiting;
7/I1 190 7/3: jaundice in 7/8: blood
7/13 204 P rI 46/80; hver at cost edge. 7/10: blood

pressre, 14o/go; seeed ess toxic; ate breakfast;
to question 7/12: abdomen disded.

7/13: tpelature, pulse and rspration bega to
nse; asctes noted; blood presure, 140/78; tem-
perature, io2° F. in morning, rose to Io4° F. by
afteroon; pulse, 130 to I50; resiratios, 30 to 40.

57 6/8 28 White, male, o years old. About 5/26: wekness,
Onset, 5/26/42 6/I5 30 anore3ia nausea, Ad e, "dark" urine;
Death, 7/9/42 6/I8 32 jaundie; said to have lost about io pouDds; no

6/22 30 tchig 6/8: admitted; ambulatory; not acutely
6/26 40 ill; blood preure, 104/68. Course in hosit
6/29 so stormy; persistent nausea and vom g; d ng

jaundice. 6/io: marded icse m sze of liver to
4 fi_gersbreadth below costal marin; thereafter
gadul decrease, by 6/30 to costal rim, during last
week of life to 3 ngersbreadth above cotalrim
7/3: stuporous; c s c twitching of
facal musdes; blood presure, 84/So.

84 6/20 160 White, male, 24 years old. AboUt 5/24: ano
Onset, 5/24/42 6/29 160 edache bckache, "dark" urine, cay-colored
Death, 8/28/ 7/6 ISO stools. 6/I: scerae icteric. 6/4: Until

7/8 I50 6/I6, felt fairly well; thenm is, nas, vomit-
7/1O 150 ing; liver tender, enlarged; "prognosis appears to
7/I8 0OO be good." 7/2: ascites; rted pa tteses.
7/20 90 7/23: jaundice d ; general condition im-
7/24 60 proved. 8/io: appetite good. 8/13: greatlY im-
7/27 60 proved; cndiin satisfactory. 8/Is: condition
7/30 45 cn ; became restless; dull; drowsy. 8/I6:
8/7 45 y oms more nmaked; speech S g; disori-
8/io 35 ented; ive decline. During last sveral days

ran irregulr fever, tempera of I03 to I040 F.
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TA XIV (Co )
Ice 1usindez in Reprnci Cases

Cme am kcte
and Dae_dDe z CHai a

23 5/S 28 White, male, 26 years old. 4/29: MUSn , vomiting,
OQSd, 4/29/42 5/9 so h ce, on. 5/3: sdenae yelow. 5/5:
Dath 5/27/42 5/II 1mt te e pulse and nor-

S/13 I170 ml; liver not enlred, sItly blood
5/21 224 P-Mre, 96/60; stoolay-colored. Remed 'm
5/23 16 a mately same until 5/22, when
5/25 Io6 Jaunmicebeca nmaked and vtig bePn; liver

tender. 5/26: very r v iting.
5/27: Vomitig dark material aining blood;

52 S/I6 17p White, male 27 years o0l 4/30: nausea and anor-
Onset, 4/30/42 6/ 28S exia. 5/2: "dar urine 5/4: jan ; itchng.
Deatl 9/I5/42 6/I5 200 5/II: admitt; afebrile; liver just palpble 6/17:

6/IS 300 said to have hst 21 pounds in 4 weeks; a tim
6/29 290 dl ac pains over region of gl dr,
7/6, 26I t gtto be due too lr ionof dutS 6/22:
7/IS 200 expratoy opeatio; liver sightly enlarged, no
7/20 i67 gr a i ; spec takm for biopsy;
7/27 176 gadder was smal wrined, hos enty, no
7/29 235 stoma; commo daut was smal no sto. 7/IS:
8/3 182 ma of fe and Aks; makd ici 8/3:
8/I0 210 ithIn ntinued; good. 8/I0: patent
8/17 236 to he up and about; felt well exret for
8/24 20 i g. 8/I8: ti he sam. 8/25: sighl
8/31 300 ; ital; appetite was km 9/I: was
9/7 322 graduaBy bming weaker, walng only with

crutches 9/6: vy weak, conined to bed; irra-
Sonal at tim 9/14: comatose; weak;
to be dying from exhaustion

ocacr in patients who have died within weeks. At later periods,
weight loss tends to be replaced by compenatory hyperp1asia of the

parenchyma.

'The surface is usually smooth or finely wrinkled in the early mse; at
this stage its color is variable and not tincive. atr, Ivory colored

or yellowish green coarse nodules, or larger, tumor-like masses project
from the surface of the orgn in some wheras elsewhere the
surface is sunken, dull red or grayish. Ibe also, is vari-
able. Usually flaccid in the early stages, the colapse parts soon be-

TA XV
Trend of lterm ldez in 5z Cam of Rdmic Hepatitis

Txd No. f e t of C#

Remains below So 6 12
Ri steadily33 6
Rises, fals:

(A) Rises, the falls 9
SH&W 1111~~I 22

(B) Rises, thm falls 2
to nerly normal

Rims, thm falls and
afterwards ris i 2



PATHOLOGY OF FATAL EPIDEIRC HEPATITIS

come tough and meat-like. The nodular parts differ but little from the
consisteny of normal liver.
On the cut swface the irregular distribution of the lesions is even

more conspicuous. Th7ere are large, red, meat-like areas which ooze
blood, and in which the landmarks are indistinct or obliterated.
In sharp contrast to these red areas are irregularly distributed patches
of pale yellow or bile-tinted tissue which are distinctly lobulated. These
yellow patches range in size from s nodules to large confluent
masses which may occupy the major part of the organ. The component

TAWZ XVI
Iterws lxdez iX Cmss" of Epideuc Hepatitis

Number of cases

Icter idez Intermeilate pniod
Duing first 3 dys Sd-equet to first Fmal Pemd

after jaundic 3 days after ja

Beow 50 8 (35%) 2 (3%) 4 (8%)
50-99 12 (52%) 12 (20%) 7 (13%)
100149 2 (9%) I8 (30%) 6 (II%)
I50-199 I (4%) I6 (27% ) 9 (17%)
200-249 0 7 (12%) I0 ('9%)
250-299 0 2 (3%) 9 (I7%)
300-349 0 I (2%) S (I0%)
35°-399 o I (2%) 2 (4%)
400 and over 0 1 (2%) I (3%)

Total 23 60 53

lobules are abnormally large and vary greatly in size and shape. This
tissue is ischemic. Usually it has a "healthy" appearance; it is not
fatty nor turbid.
The relation of size of the liver to duration of the disease is given in

a graph (Text-Fig. 4), and the data from which the graph- was con-
structed are presented in Table XVII. Disregarding for the present
the assocation with ascites, it wil be seen that marked reduction in
size generally occurs when the duration of the disease is short, whereas
large livers are more often found when the course has been protracted.

Irrespective of the duration of the disease, the weights of the liver
show considerable scattering; they range from 6oo to 2400 gm In
approximately one-fifth of the cases, the weight of the liver is normal or
above normal (taking 1400 to I6oo gmn. as the average normal weight).
In four-fifths of the cases the liver is smaller than normal. T'nis reduc-
tion is extreme in IO livers, which weigh from 600 to 800 gi. Hence,
the liver in yellow atrophy usually is shrunken, but occasionally is
enlarged.
The variability in size is equalled by the variability in shape, color,

consistency and appearance of the cut surface. This variability is
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PATHOLOGY OF FATAL EPIDEMIC HEPATITIS

characteristic of epidemic e ts; the liver is not damaged uni-
formly, but the extent of damage in different areas varies widely. Large
masses of parenchyma are destroyed completely, whereas elsewhere
damage is moderate.
The gross changes found may now be briefly descibed n representa-

tive cases.
The Externa Appearasce of the Liver. lhe liver son in Figure

I represents the extenala seen in the majority of cases. Tlhe
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Text-FIgme 4

duration of hepatitis was 36 days. The liver weighed 1320 gm. The
left lobe is seen to be disproportionatey shrunkcen. The surface is
uneven and varies in color. Over approximately half of the right lobe,
the tissue protrudes in the form of irregularly elevated, yellow nodules.
Elsewhere, the surface is sunken, gray-red, ad the cle is smooth
or finely wrinkled. In the left lobe the surface is deeply furrowed.

When fresh the consistency of this lobe was meat-like; by contrast, the
yellowish elevations of the right lobe felt approximately like normal
liver.

A much greater shrinkage and deformity of the liver is shown in
Figure 1o, although in this case the duration of hepatitis was prac-
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tically the same as in the case from which the preceding one was
obtained, namely, 37 days. The organ weighed 800 gnLarge, yel-
lowish green bosses project from the surface. Between these, the sur-
face is grayish red, smooth, or finely wrinkled. Thus, in two cases of
practically the same duration, the livers appear very different.
An even greater deviation is shown in Figure 9. The duration of

hepatitis was 69 days. The liver weighed 1040 gm. Many large,
greenish masses project like tumors above sunen, reddish patches, the
surface of which has the appearance of coarsely grained leather. In
gross appearance this liver is reminicent of hepar lobatum.
The cut srface of the liver in one of the early cases of the series

is shown in Figure 2. The duration of hepatitis was ig days, and the
weight of the liver was 890 gmin In the right lobe are large confluent
nodular areas of ivory color. They are notably ischemic. Lobulation
is distinct; most of the individual lobules are conspicuously large. In
contrast to the ischemic yellow areas-the cut surface of the rest of the
liver is uniformly reddish brown. Because of the color, there is a super-
ficial resemblance to liver parenchyma, but there is no lobular pattern.

Little further change in the appearance of the cut surface is shown
at a later stage of hepatitis, 43 days in duration (Fig. 3). The organ
weighed 85o gm. Two contrasting regions are seen, one a yellow-geen
nodular mass, the other, a reddish brown, meat-ilke tissue.

In the four examples given, the livers were shrunken. Enlarged livers
are shown in Figures iI and 12. Fig. xi illustrates the cut surface of
a liver which weighed I710 gm. The duration of hepatitis was 93 days.
Most of the tissue consists of strikingly large, pale lobules. They bulge
above sunken, smooth issue which, when fresh, was gray-red and firm.

Another enlarged liver (2100 gin.) is shown in Figure 12. The
duration of the hepatitis was 96 days, i.e., practically the same as in
the preceding case. The entire right lobe is uniformly composed of
irregular lobules having pale peripheries and dark centers. The left
lobe is small and gray.

Microscopic Appearance
Parenchymal Destruction. In sections from the red areas, the liver

cells have disappeared completely, but the lobules are still outlined by
small proliferating bile ducts. The fact that, despite complete destruc-
tion of the parenchyma, the outlines of the lobules may still be recog-
nized is highly characteristic of epidemic hepatitis. A low-power view
of thisa is shown in Figure 17. It is seen that, because of
the disappearance of liver cells, the portal triads lie nearer together
and that lobular outlines are indicated by small bile ducts. Greater
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PATHOLOGY OF FATAL EPIDEMaC HEPATIS

detail is shown in Figure i8, where numerous smal bile ducts appear
to form a fence around the lobules.
The sinusoids in areas of "red atrophy" are preserved and are often

greatly engorged (Fig. 4). Sometimes, however, the sinusoids are col-
lapsed, and grossly such areas appear gray.
The reticular framework of the lobules is not destroyed. Its mes

are narrowed, or even collapsed, and its fibers thickened. The preserva-
tion of the reticulum is shown in a case of average duration, 30 days,
and in one of prolonged duration, 96 days (Figs. I9 and 20). Through
this framework are scattered numerous lymphocytes, plasma cells,
granulocytes and macrophages; their relative proportions vary from
case to case, and with the duration of the disease. Thus, as the result
of a destructive process, entire lobules throughout large areas of the
liver are reduced to their seletal frames. Here, an inflammatory re-
action is evident; that is, a hepatitis.
Absence of Scarring in Areas of Destruction. Although the reticulum

fibers may become densely compressed, there is little or no formation
of ollagn. Scarring such as occurs in crrhosis and accompnes the
healing of abscesses or gummas is characteristically absent in epidemic
hepatitis.
Rapid Disappearance of Liver CeUs. The sequence of events that

have led to the emptying of the lobules cannot be traced with certainty.
None of the livers in this series were in the early stages of destruction;
indeed, so far as I have been able to learn from the literature, no one
has ever seen the earliest stages in this disease, which rarely terminates
in its most acute stages. All that is known with certainty is that cell
destruction occurs rapidly and that cell debris is removed speedily.
In thepresent series, by the tenth day (the earliest caseof the series)
practically all traces of dead cell have been swept away, presumably
by enzymic action, and nothing remains in the lobules but vascular
framework and inflammatory cells. We find here no evidence of slow
cell death-fatty changes, coagulation of cytoplasm-such as are r-
acteristicaly seen in yellow atrophies due to chemical poisons, bac-
terial toxins, yellow fever, or eclampia. Rapidity and completeness of
cel destruction is adinig feature of epidemic hepatitis.

Distibution of Lesions in the Lobsle. The destructive change
usually, if not always, begins in the central part of the lobules, for in
the earUest cases of the series only the central zones of the lobules are
involved (Fig. 13). Even in more protracted cases many lobules are
encountered in which the damage is lmited to the central regions, leav-
ing intact a peripheral rm of liver tissue (Fig. 14). The lesons do not
involve all lobules to the same degree; they range from destruction of
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approximately one-third of the central portions in the better preserved
areas to complete destruction of all liver cells in large areas of the
organ. Every conceivable intermediate step may be encountered. But
whenever even a fragnt of hepatic parenchyma remains, it is found
in the peripheral zone. For eample, in another early case, only scat-
tered groups of liver cells are left at the lobular peripheries (Fig. I5).

Inflammatory Reaction. In epidemic hepatitis destruction of liver
cells is invariably accompanied by an inflammatory reaction. By in-
spection of Figures I3 to i5, which show zones of destruction, it may
be seen that the parts of the lobules from which the parenchyma has
disappeared have a granular aspect. This granulariy is due not to
remaining debris but to the presence of inflammatory cells. In early
stage polymorphonudear leukocytes, lymphocytes, plasma cells and
macrophages occur in approximately equal proportions (Fig. i6);
later, the polymorphonuclear leukocytes become less numerous. The
inflammatory cells linger in the depleted stroma for long periods, only
gradually becoming less numerous. For exmple, in a case with a
course of 240 days, the inflammatory chang did not differ appreciably
from those in the average case of a few weeks' duration.

Lipofuscm. Conspicuous among the inflammatory cels are macro-
phages which have engulfed small granules of yellow-brown pigment
(Fig. 6 a). This pigment is not dissolved in the process ofp g
paraffin sections; in such sections it is stained by Sudanm and similar
fat stains (Fig. 6 b). It is somewhat acid-fast, and can be demon-
strated by the Ziehl-Neelsen method.

Silver stains, such as Wilder's reticulum stain, render the granules
black. The pigment is lipofuscin, or so-called "waste-pigment."'Ill

Lipofuscn is probably a normal pigment of liver cells which is liberated
and rapidly phagocytzed when these cells disintegrate. It thus serves
as an indicator of breakdown of hepatic parenchyma. Like the other
types of cells previously discussed, the pigmented macrophages may
persist for long periods.

Lipofuscin must be distiguished from another pigment that may
also occur in the liver and which in recent years has attracted con-
siderable attention, namely, ceroid. The main points of difference are
that ceroid forms coarse globules that often lie extracellularly, it is
strongly acid-fast and even less soluble in fat solvents than lipofuscin,
and in paraffn it stains deeply with fat stains.4

Endophlebitis of Efferent Blood Vessels. The efferent vessels show
marked alterations. All but the largest hepatic veins are the site of
endophlebitis. The process is seen particularly in the central lobular
veins and in the sublobular veins (Figs. 2I and 22). In these vessels
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the intima is densely infiltrated with cells of the same types as those
scattered throughout the skeletal remnants of the lobules. Where
inflammatory cells are abundant in the stroma, they are usually abun-
dant in the intima of veins that drain the area. In early stages the
endothelium of the intima is unbroken; in later stages it may become
ruptured, spilling the invading cells into the vascular lumen. Rupture
of the intima is commonly followed by thrombosis.
Not only the intima but other layers of the vessels are altered. Often

their walls are greatly thickened, and have a hyaline appearance (Fig.
2I). They usually stain rather lightly with eosin, but densely by the
Masson-Mallory aniline-blue method for connective tissue. By silver
impregnation methods, the walls of the veins are found to have a loose,
fibrillar structure, which differs but little from the normal (Fig. 23).
It is evident that the collagenous substance, which gives the hyaline
appearance to the wall, lies between the component fibers, which them-
selves remain unchanged. Perhaps this collagenous substance becomes
more prominent through imbibition of fluid.

Endophlebitis usually is more conspicuous in relatively early cases,
although lesser degrees are found even in protracted cases. In the
latter group, however, fibrous obliteration of the veins rather than acute
inflammatory reaction is the more common.

TIhis form of endophlebitis is not specific for the damaged liver of
epidemic hepatitis. It may occur in other destructive processes involv-
ing liver parenchyma.

Hyperplasia of Liver Cells
The preeing sections have dealt with the microscopic appearance

of the liver in areas which grossly are collapsed and red; here, the
parenchyma has been destroyed. In contrast, in areas which appear
nodular and yellow, the tissue is in a state of regenerative hyperplasia.
An abundance of new parenchyma has formed by hypertrophy and
multiplication of cells that have escaped destructon. The architectural
patten of the new parenchyma, however, only rarely approaches the
normal; in most regions it is exceedingly atypical. The process of
restoration begins early. By the tenth day numerous buds of binu-
deated or multinudeated liver cells extend from the remaining portions
of the hepatic columns into the depleted stroma (Figs. 24 to 26). In
less than 20 days a large mass of new liver tissue has formed. This
tissue usually is composed of atypically built "lobules." They vary in
size and shape. Most of them have fused with neighboring "lobules";
less often patches of parenchyma are isolated by bands of collapsed
stroma.
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The microscopic appearance of such a region in one of the earlier
cases (I9 days in duration) is illustat in Figure 3I. The section
comes from the pale yellow part of the liver shown in a colored photo-
graph (Fig. 2). Inspection of the photomicrograph discloses at once
the absence of the lobular patter characteristic of normal liver. In-
stead, the parenchyma consists of ill-defined patches, in none of which
the component cords of cells converge toward a common central lobular
vein. These patches represent hyperplastic remnants of former lobules.
An Mustration of the atypical structural arrangement of the newly

formed tissue in a case of prolonged duration (93 days) is given in
Figure 32. There are seen great confluent patches of parenchyma but
no typical lobules.
These two mlustrations represent the microscopic picture observed

in nearly every case. Only occasionally, and then in sa areas only,
is normal lobulation found restored (Fig. 33).
The hyperplastic parenchyma is composed chiefly of compact cords

of liver cells, but often such cords have formed only at the periphery
of the individual "lobules." The central part is frequently occupied
by newly formed cells which are not organized into cords (Fig. 34).

Areas of regeneration are usually ishemic (Fig. 5). Well defined
spaces, with endothelial lining, lie between the cell cords; but the blood
content of the spaces is usually slight, and only in rare instances ap-
proaches the normal. The marked degree of ischemia of hyperplastic
tissue stands in contrast to the great engorgement of the tissue in areas
of "red atrophy" (Fig. 4).
The hyperplastic tissue differs from the normal not only in general

arrangement but in structure of its component parts. The cords of
liver cels are usually distinctly broader than the normal. In longi-
tudinal sections the cords often have a conspicuous central deft. In
transverse sections the cords are seen to have a tubular structure; such
tubules have from six to eight cells spaced around a lumen (Fig. 37).
The defts or lumina are dilated bile acnli. Many are obstructed
with coarse branching masses of bile (Figs. 37 and 38). Throughout
large areas, almost every analiculus contains obstructing masses.
The individual liver cells generally are large. In some the cytoplasm

is smooth; in others it contains coarse granules of bile. Fatty chlanges
in the cells are rare. The nudei are usually prominent, and the nudeoli
are swollen and stain deeply (Fig. 36). Indusion bodies, such as occur
in many virus diseases, are not found.*

*I am grateful to Dr. Thomas Rivers of the Rockefeller Jnstitute, to Dr. E. V.
Cowdry of the Washington University School of Medicn, and to Dr. Alfred M. Lucas of
Iowa State College for examining a number of my sections and for their helpful advice.
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The foregoing paragraphs have dealt with the appearance of tissue
in which the hepatic cels have formed cords. Here and there, however,
the regenerating cells do not become arranged in columns but lie iso-
lated or in small groups within an otherwise empty stroma. Such cells
tend to form multinudeated syncytia (Figs. 27 and 28), or disorderly
groups which invade the stroma in a manner faintly suggestive of
neoplasia (Fig. 29). Still others form giant tubules reminnt of those
seen at early developmental stages or in the livers of frogs or turtles
(Fig. 5).
In most areas the cells of the hyperplastic parenchyma, whether

arranged as cords or in isolated groups, have a healthy a ance.
There is no evidence of progressive destruction of tissue. But in a few
areas the regenerated cells may undergo secondary degeneration, as
shown in Figure 35. Here there is a large group of newly formed cs
with prominent nuclei which obviously are disintegratig. The tissue is
invaded by numerous polymorphonur leukocytes.
Among the factors that lead to such secondary destruction are prob-

ably ischemia and the ac ation of metabolic products, which are
not removed because of stasis of blood and of bile.

Proliferative Changes in the Bile Ducts

Besides regenerative phenomena in the liver cel there are pro-
liferative changes in the bile ducts. Before discussing them it is well
to recall that a sharp distinction should be made between terlobular
and perilobular (septal) bile ducts. The former are relatively large,
and, together with branches of the portal vein and hepatic artery, lie
within a thick mantle of connective tissue. The lining epitheli of
these ducts is prominent. At the outskirts of the stroma which enfolds
the portal triads, and extending arod the lobular peripheies, lie the
much smaller septal biliary ducts. Unlike the lare interlobular ducts,
the smallest septal ducts have a very scanty connective tissue stroma.
They are tributaries of the interlobular ducts, and they accompany the
fine twigs of the portal veins and hepatic arteries which encircle the
lobular peripheries. In the smallest of these minute ducts the epi-
thelium is inconspicuous and so flat that it resembles the lining of the
vessels. Even in the larger branes the cells are relatively small and
hence the nuclei appear crowded. The cytoplasm stains rather lightly
in contrast to the deeply eosin-staining cytoplasm of liver cells; the
nuclei are round or oval, and much denser than those of hepatic cells.
Into these ducts empty the bile iculi of the hepatic cords; the
junction usually is expanded into an ampulla.
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The large interlobular ducts show no nges in epidemic hepatitis.
Their cells remain normal and their lumina patent (Fig. 39). On the
contrary, the small septal ducts do proliferate markedly. This is shown
in Figure 40. (The duration of the disease in this case was I4 days.)
At the periphery of the portal stroma are numerous small bile ducts;
all of them show budding. The ducts and their buds soon elongate,
forming extensively branching tubular structures (Fig. 41). Often their
Imna contain inflammatory cells, similar to those within the stroma
of the lobular remnants. Ducts of this knd outlne the periphery of
former lobules (Figs. 17, i8 and 30).
The fate of these proliferated ducts has long been a subject of dis-

cussion. It is certain that in many instances they rm entirely
uncaged for long periods. Thus, Figure 42 shows the appearance
of an ara of "red atrophy" from a case of 240 days' duration. The
ducts here do not seem much different from those shown in Figure 40,
a case of 14 days' duration. In this and ilar regions from other cases
which have had a protracted course, there is no indication that the
ducts tend to differentiate into other types of cells.

Conditions, however, are not always as simple. ITere are found in
early, as well as in late, cases, at the periphery of former lobules, tu-
bular structures which nnot with certainty be recognized as bile
ducts. For example, in Figure 43 there are seen several tubules, some
parts of which are lined by cells resembling bile duct epithelium,
whereas other parts are lined by elents resembling liver cels. More
co licated still is the interpretation of pictures such as that shown in

Figure 8. Here the hlmen of a branching bile duct is continuous with
that of a tubule composed of liver cells. Surrounded by the epithelium
of the bile duct lie several large and typical liver cells. This appearance
suggests a possible transformation of biliary epithelium into hepatic
epitheliumn Equally complicated is the interpretation of the condition
shown in Figure 44. Here are seen two large dumps of inspiated bile.
One dump lies within a dilated tubule, the lining cells of which re-
semble biliary epithelium. The other dump lies within a dilated lumen
of a hepatic cord which on one side is composed of biiary epithelium.
Similarly, in Figure 45 are shown a number of tubules at the periphery
of lobular remnants; the I of these tubules contain thick dumps
of bile; the cells which compose these tubules cannot with certainty be
identified either as bfliary epithelium or hepatic epithelium. Still an-
other puzzling condition is shown in Figure 49. In this case the tubules
at the periphery of the lobules are composed of cells which dosely
resemble liver cels; and, similarly, in Figure 47 there is a whole cluster
of tubules which appear to be made up of hepatic -epithelium. Lastly,
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there is shown in Figure 7 a not uncommon finding. Here a branching
bile duct is in contact with two large hyperplastic hepatic columns;
the lumen of the duct clearly is continuous with the lumina of these
columns.

Pictures such as have been shown raise again the long debated ques-
tion: is biliary epithelium transformed into liver cells? This question
has been debated for many years. Pearce5I wrote in I9o6: "Some
difference of opinion exists in regard to the solid and tubular cell-
strands usually described as newly-formed or pseudo bile ducts. All
recent investigators have abandoned the idea that these structures are
atrophied rows of liver cells, but consider them as sprouts from the
small interlobular bile ducts growig into the necrotic lobule. By a
gradual transformation of the cells of such sprouts true functioning
liver cells are formed."

Pearce 5 expressed well the debated problem. In recent years Herx-
heimer and Thilldte," and others again have taken the opjosite view,
namely, that the structures so characteristically seen at lobular periph-
eries are not bile ducts but altered liver cels. This opinion is based
largely upon the fact that within these structures bile naliculi or
masses of bile may be demonstrated. It might be suggested, however,
that, when much of the liver parencyma has been destroyed, the cells
of proliferating bile ducts may acquire a compensatory capacity to

bile.
The question annot possibly be settled by mination of post-

mortem mnaterial. In my opinion, biliary epithelium may differentiate
into hepatic epithlium. Such differentiation, however, occurs only in
a few insignificant patches and contnbutes very little to the restoration
of tissue which at best is atypical.

GaUblader and Eztrakepatic Bile Ducts

The condition of the gallbladder was recorded in 87 cases; in 36 it
was described as normal, in 30 as s , and in 2I as distended. In
about hal the cases the wall was edematous and occasionally showed
smal hemorrhages (Fig. 55). In these cases ascites was almost in-
variably present.
The etaheptic ducts were carefully examined in nearly all cases,

with particular attention to their patency. In only twoi was
obstruction found. In these two, small plugs of inspissated material
occurred in the common duct near the duodenal openig. It is probable
that in both instancs the obstruction was a sequel to the hepatic lesion,
not its cause.

Material for microscopic examination from the extrahepatic ducts
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and the papilla of Vater was available in only ii cases. In 6 there was
inflammatory edema, alwaysa with edema of the duodenum.
The -duodenal inmmation was not a localized condition but wide-
spread, involving at times almost the entire gastrointestinal tract.

Lymph Nodes
In nearly all cases, particularly in those in which the duration of

hepatitis was less than I month, the hepatic, and in many instnc the
mesenteric, lymph nodes were considerably swollen, their ules
tense, and their cut surfaces bulging and succulent (Fig. I). Occa-
sionally individual nodes measured as much as 35 mm. in diameter.
Microscopically, the sinusoids were dild and frequently packed with
polymorphonuclear cells and macrophages. The reticulo-endothelial
lining was prominent The lymphoid tissue was markedly edem .
In al nodes, mll foc of necrosis and hemorrhage were en-
countered. Briefly, the changes in the regional lymph nodes were
edema, acute hyperplasia, or acute lymphadenitis, i.e., the usual re-
actions found near areas of tissue destruction. Involvement of lymph
nodes was never generalized.

Ascites
Ascites occurred in 6o per cent of the cases. The amount of fluid

usually was large, two or more liters being the average. The fluid was
nearly always tinged with bile, less often with blood. Turbidity due to
the presence of inflammatory ell was common when phlegmonous
inflami of the gut oxisted (this codition will be discsd
later).
The relation between ascites, duration of disease and size of liver

is shown in a distribution graph (Text-Fig. 4) and in Table XVII. The
weight of the liver has been plotted against duration of cases
with ascites are rresented by solid cirdes, thoe withot ascites by
open cicls. The graph bring out several points. First it shows that
ascites may occr at all stages of the diseae; no matter whether the
course is short or The occurrence of asctes is not defi-
nitely corrlated with duration of disease (see Table XVII).

Regarding the relation of size of liver to occurrace of ascites, there
is again no appart correlation. Thus, the incidene of ascites when
the liver was greatly shrunken (below Soo gmn) is about the se as
when it ws enlarged (above I6oo gmi.).

In approximately one-fourth of the cases with ascites there was
pleura effusion; and in approximately one-half the cases, slight edema
of the ankles. The cliical recrds indicate tha ascites precedes ankle
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edema, which was probably due to chanical nterference with venous
return.

In Bergstrand's'l series of 95 fatal cases, ascites was observed in
20 per cent. Fox and his co-workers ' found ascites in most of their
1 7 cases.

In summary, it is shown that ascites is common and that it is un-
related to the total duration of the atis or to the size of the liver.
The nism responsible for the amulation of abdominal fluid
will be discused later.

Spleen
The spleen was enlarged in about three-fourths of the cases. The

weights are given in Table XVIi In one-third of the series the weight
exceeds 300 gm.; in somewhat less than half the weight falls between

Tsz xvm
Relatio of Weigha of Splke to Occmuce of Ascites i 89 Cases

of Epidemic Hepatitis

Nunr of as
Weit ofsplAeT Ascit No scites | ~~~~Tomal

Below IOO I(I%) 3(4%)
ioo-x" 10 (11 1(2%) 2 2%IOO-I99 IO (II%) II (I2%) 2I (24%)

200-299 23 (26%) Is (7%) 38 (4%)
300-399 IS ('7%) 6 (7%) 21 (24%)
400-499 2 (3%) 1 (1%) 3 (%)

500and over 4 (5%) I (1%) 5 (6%)

Total 54 (6I%) 35 (39%) 89

200 and 300 gm., in only one-fourth of the cases is the weight approx-
mately normal.
The relation of weight of spleen to duration of hepatitis shown

in Text-Figure 5. There is much scattering but, erally speaking,
large spls, above 300 gmi, are more numerous when the disease has
been prolonged (see also Table XVIII).

In consistency, the spleen in early cases was flaccid, in later cases,
firm. On the cut surface the lymphoid folide were usually distinct
at early stages, and small or indistict later. At all stages, the blood
content of the spleen was increased.
The microscopic appearance also varied with the duration. In rela-

tively early cases, the lymphoid tissue was prment (Fig. 56); the
sinusoidal veins and the pulp cords were only moderately congested. At
later stages, the sinusoids were conspicuously distended and had thick-
ened rigid walls (Fig. 57). The lymphoid tissue was often marly
depleted (Fig. 58). The picture then was that usually aed with
portal hypertension.
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Correlating the gross and microscopic findings, it becomes evident
that the enlargement of the spleen in early stages is not the result of
engorgement but is predominantly due to a cellular proliferation. At
later stages sinusoids become dilated; then swelling is due to engorge-
ment.
The early lymphoid hyperplasia is probably a reaction to products of

tissue breakdown in the liver. It cannot be denied, however, that the
agent which damages the liver may itself excite a reactive process in
the spleen. The depletion of lymphoid tissue, during later stages of
hepatitis, may result from portal hypertension, that is, from overload-
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ing of the spleen with venous blood under increased pressure.
This interpretation is supported by recent experimental studies of

British. investigators. Thus Orr 51 studied the spleens of rats, the livers
of which had been damaged by "butter-yellow" (a substance which
induces a cancerous cirrhosis of the liver). Enlargement of the spleen
developed early, long before the liver became cirrhotic. Orr favors
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the view that such early enlargement of the spleen is due to celluar
hyperplasia. Menon I induced hepatic destruction and late cirrhotic
changes by carbon tetrachloride. He found a marked proliferative
reaction in the spleen during the early stages of liver damage. Sini-
larly, experiments of Cameron and de Saram I suggest that splenic
changes assocated with cirrhosis of the liver (a condition of progres-
sive damage) are the result of two separate processes, nly, pulp
hyperplasia and congestion.

Gastrointestinal Tract

Lesions of several kinds and of great interest were encountered in the
gastrontestina tract. The most striking of these was an extensive
phlegmonous inflammation with massive edema involving the ilal
region, less commonly other portions. In addition, infl
edema of both the smal and lar intestine was frequent, and the
lower end of the esophagus was often ulcerated.

Phkegmonous Inflammation
In approximately 15 per cent of the cases in which the gastrointes-

tina tract was eamined (17 of 113), large parts of the gut were
phlegmonous. The lesion was usually most marked in the ileocecal
region, but sometimes extended more widely, involving the ascending
and transverse colon. The wall of the cecum sometimes exceeded 20
mm in thickness. It was extremely boggy, and its mucosa was thrown
into thick folds. The wall of the gut appeared as if artificially injected
with a watery fluid (Figs. 48 and 49). Microscopically (Figs. So and
5I), the entire wall was edematous and everywhere invaded by leuko-
cytes and macrophages. Usually the mucosa was unbroken. Occa-
sionally, superficial hemorrhages were found, but actual erosions were
rare. The submucosal layer was especially distended, and even in
paraffin sections (in the preparation of which edematous tissue shrinks)
exceeded I cm. in thickness. The fibers of the mucosa were forced
apart, and in some foci appeared to be degenerating. Also the subsero-
sal layer was often considerably distended and invaded by inflamma-
tory cells.
Most of the infiltrating cells had well stained nudei and intact cyto-

plasm; they were obviously recent invaders (Fig. 52). The proportion
of the cells varied; in some regions polymorphonudlear leukocytes, and
in others macrophages, predominated, while lymphocytes and plasma
cells were scanty. With stains for bacteria an abundance of small
Gram-negative bacteria and larger Gram-positive rods were seen.
Coccoid forms were not found. Many of the leukocytes and macro-
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phages had ingested these organisms, and some macrophages, par-
ticularly, were packed with bacteria.

In nearly all cases, other parts of the smal nd large intestines were
conspicuously atous, and in some areas the dtended tissue
showed early inflammaory rection. In only two cases was a phiegmon
found in the stomach.
Without excption, the phlegmonous inflam on was assoated

with asdtes. Careful miation of the dinical records gave no hint
of the intestinal lesion. The duration of the phiegmon was always short,
as shown by the dition of the eudate; it was evidently a terminal
infl .
What is the relation between hepatitis and the inflammation of the

intestine? ITe phiegmo gives every aarance of being a terminal
event. Therefore it is obvious that the htitis is not the result of the
nte l conditon. Rather, the phlegnon is a compation ich
results from imvasion by bacteria of an eematous bowel.

In his monograph on yellow atrphy of the liver, Bergstrand41
merely mentions phlegmo-os inflamm of the itestine i several
of his autpsy protocols. Recently, Pollack and Gerber " have re-
ported a number of cases, in all of which the lesion was asc with
primary disease of the liver. I have been able to find no other refer-
ences in the literature.

Because i tina phlegmon is a little known condition, brief ab-
stracts of the na t findgs in the I 7 cases are given below.

ILLUSTTIVE CASES

Case 8
This patient was a white 28 years old Duration of heptitis, 43 days.

(See page 482 for clinical course.)
Pathog PFidings. EsoasW: (G)* superficialul at cardio-esopaal

jnctio; (M)* ulceraion; in_lmmatory reactig to mclais Stom-
ac: (G and M) l.Ittinw: (G) mad a ig Mt aboe
Ileocea evalv and ning to sgmoid; moderate edema of remar of small
and lar intestine md pzpil of Vater: (I) mucosa Domal, inte
coa_estion; sunus v d by numr polymuko s and
his.iocyte~ Cec: (M) mucosa intact; wall markecly demato, dense leuk
cytic and hitocytic infiltrati thr t entire wall; fibolar exudate on
sersa.

Case IO
flie patit was white male, 22 yes of age. Duration of heatitis, 30 days.
Pathologic Fisdings. Stomach: (G) mucosa congested; pyloru markedly edema-

tous; (M) marked edema of sunucosa. Duodekn_ axd papia of Vater: (G)
*1Te er (G) silkress of gro tion, ad (), of microsp

,...tio
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extremely marked edema; (M) marked edema; slight leukocytic infiltration; sub-
serous hemorrhages. Jejunum axd ileum: (G) hemorrhagic; (M) subnucosa and
swbserosamarkedly infiltrated with leukocytes. Large inttine:
(G) asing and tansvese colo hemoagic; (M) mucosa intact; entire wall
markedly edematous and heavil infiltrated with polymorpoudear leukocytes and
histiocytes; phlegmon most pronounced in sulnucosa; serosa showed no reacion.

Case iri
'his patient was a white male, 41 years old. Duration of hetiis, 64 days.
Pathologic Fidins. Esophagus: (G) on at lower end. Stomach: (G and

M) multiple techiae of muco Sma iesti: (G) m atl edematous;
terminal portion of ileummarkedly edematous; (M) mared pdymo uear,
ut ic and eiohilic, infiltration in all layers but particularly of submucosa.
Large i : (G) cecam and first portio of ascending colon: marked edema;
sub6erosal hemorrhages; (M) massive leukocytic and hitiocytic infiltration, par-
ticularly in submucosa and subserosa.

Case 13
TIe patimt was a white male, 26 years of age. Duratio of hepatitis, 49 days.

(See page 482 for clinical course.)
Pathologic Findings. Esophagu: (G) c on of lower third; (M) sight

erosion; sulnucosal steig of lymphocytes. Stomach: (G and M) normaL
Duodenum axd papila of Vater: (M) modrate sumxucosal edema; moderate de-
gee of leukocytic and mo ear cell iiltrationi s uco. Ilum and
jejuu: (G) nomaL Cecum: (G) lar emor c areas m submucosa;
edema; (M) o infltratio

Case 22
The patient was a white male, 28 yeas ol Duation of heatitis, 17 days.
Pathologic Findings. Esophags wd stoc: (G) l Sma ineste:

(M) m ate degree of submucosal edema; sparse stterng of histiocytes and
ymphocytes. Large inestine: (G) cecm was mar atous; asc g
colon, appen and terminal ileam not t involved; (M) surface of cecum
intact; muc saglads wel prved; slcosgreatly diste ; its thi

eed I an.; fibers of muscle layer forced apart; sl tsue loosely
textured. hougho su ncoaand slerosa, diffuse infiltra histiocyte
and leukocytes. Lower coo had edematous walls, but no celular te had
occurred.

Case 29
his patient was a white male, 35 years of age. Duation of titis, 45 days.

Pathoogic Finings. Esophagus: (G) superficial erosion; c ; (M) sub-
mucosal edema; foci of lymphocytes and s cell. Stomach: (G and M)
normaL Duodexnu d pup7a of Vater: (G)m edematous; t sub-
mucosal edema; sparse tteing of leukocytes. Ilk wxd jejucum: (G) no sig-
nifi changes. Large iestine: (G) almost all porions, but a y cecum,

massive e a but no ulceration; (M) mucosa intact; all layersa
diffuely infitted with leukocytes and histiocytes.

Case 43
Ihe patient was a white male, 24 years odL Duration of heatitis, 20 days.
Pathologic Findixgs. Stomac: (G) normaL Duodem wxd ppjla of Vater:

(G) no sigificant changes. Ikm and jejunuu.: (G) no significant changes. Large

5II1



iestine: (G) mucosa inact; marked i n and edema; (M) extreme edema
and diffuse celar infilti hout all layers; th of wal ranged from
8 to Io mm. Mucosa unbr; glands normal; spporting stroma infiltated with
s nu s of plaa lls, histocytes and granulocyts. Sumucosa the mai
site of inflmmatory edema; its fibers wer widely searated and thickly invaded
with leukocyt and histiocytes. Venules had cllars of exudaUve cell. Inm lar
and subseros layers, phlegmonous change were of s t less degree than in
submucosa. Musle fibers in many patchs showed changs.

Case 54
The patient was a white male, 24 years of age. Duration of hepatitis, 36 days.
Pathologic Findings. Stomach axd smaUitestine: (G) hyperemia; (M) m ate

degree of edema of smal intete Large intestin: (M) moderate degree of edema
and pl ns inflammation, most marked in suhmucosa and subserosa.

Case 55
This patient was a white male, 23 years old Duration of hepatitis, 29 days.
Patkologic Findigs. &opkaus: (M) two superficial ulcers at cardiac end;

subjacet tissue eatous and masively infiltat with lympocytes, and leuko-
cytes; base of ulcer covered with fibrin Stomach: (G) multipe ciae SmalU
intestine: (G) m ie iae. Large inestine: (G) marked edema, ia
of cecum and ascending colon; multiple petechiae; (M) mucosa preserved; exten-
sive phlegmonous infiltration, particuarly of cecum.

Case 59
The patient was a white male, 26 years old. Duration of hepatitis, 38 days. (See

page 493 for dinical course.)
Pathologic Finigs. Esopagus: (G) no sigificant changes. Stomach: (M)

edema of subnucosa; scattered inflammatory cels. Duodenum: (G) sight edema.
I1eum: (G) lower portion malye but not cogsed. Large iestine:
(G) cecum, ascding and transverse colon; intense edema; no congestion; (M)
diffuse phlegmonous infiltration of cecum and ascing oon; remainder of colon
edematous.

Case 6I
Ihe patiemt was a white male, 25 years of age. Duration of hepatitis, 40 days.
Pathologic Fndings. Esopagus: (G) several smal lon dal erosions in lower

third. Stomach: (G) multipe rficial ulcers. Duodnum axd Pajila of Vater:
(G) s; lco em d jcjwm: (G) e s. Large inestine:
(G) marked edema, iy in signoid; here wall averaged i an. in thickness,
section had a yellowish gray aparance; mucosa preserved; (M) entire wall
desely and diffusely infiltrated with granulocytes, incuding many eosinophils, and
macrthages; exudate most conspicuous m submucosa but all layers crowded with
cells; m appendix, same chang but less mar

Case 94
Ihis patient was a white male, 35 years of age. Duation of hepatitis, So days.
Pathologc Findigs. Esophagus axd stomach: (G and M) no significant changes.

Duodenm awxd papilla of Vater: (G) wall very edematous; mucosa hyperemic.
Jejwmp: (G) slightly edematous; mucosa congested. Large itestine: (G) walls
very soggy; mucosa not ulcerated; (M) mucosa intact; submucosa e y
edematous with numerou leukocytes and histicytes; remainder of wall moder-
ately edematous and diffusely infiltrated with infammatory cells. Ieum: (G)
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moderately edematous; (M) edematous; wall d y infiltrated with leukocytes
and hisiocytes.

Case 97
The patient was a white male, 50 years old Duration of heptitis, 74 days.
Pathologic Fiixgs. Esophagus: (G) no significat canges. Stomach: (G)

moderatdy edats; (M) edema; s eed hisiocytes in submucoa and muscu-
laris. SmaU itestixe: (G) waIls thickened and moist; (M) modeate edema of
submucoa and serosa; satteed hsocytes in sublo layer. Large intestine:
(G) wall thickened and markedly edeatous; mucosa thrown up in folds, giving a
coarse nodular apearance; (M) marked edema of entire wal with dffuse infiltra-
tion of granulocytes, histites, ly ocytes and plasa cells; process was most
marked in subnucosa and m laris.

Case IOO
Ihis patient was a white male, 27 years of age. Duration of hepitis, 93 days.

(See page 485 for dinical course-)
Pathologic Findigs. EsoPkagw, stomach axd smal inetine: (G) no significant
ngeS. Large incetin: (G) apendiy was normal; waIl of ascending cdon mark-

ed edmats; no ulceration; (M) c c us edema of sulAnucosa and infiltra-
tim with hstiocytes, granulocytes and plsa c .

Case I03
Tis patient was a white male, 22 years old Duration of hepatitis, 49 days.
Pathologic Findgs. Esopkags: (G) no gross ulcatio; suLrface Cdored

by redish black material; (M) sueficial ulceraton with c pomor-
phonudear and histocytic reacti; u ig tissue slightbl edematous and
sparsely infiltrated with inf;ammatory cells. Stomach: (G) multip peciae-
(M) no significant cIange.I Doiiuxod.m axd papia of Vater: (G) n of
mucosa. J7ejmm and il : (G) itense n I of mucoa; (M)
Large ntetine: (G) normal; (M) edema of submucosa; diffuse infiltati th
leukocytes and histioytes.

Case I07
The'patient was a white mal, 26 years of age. Duation of hepatitis, So days.
Pathologic Findixgs. Stomach: (G) no significant e Dodeum: (M)

diffuse spring of lmphocytes, hisiocytes and al e ile cells
all layers. Ikem and jejumms: (G) no ntewoy changes. Large

intestine: (G) normal; (M) edema of submucosa, diffuse infiltrtion with granulo-
cytes and higiocytes.

Case 112
Ihis patient was a white male, 38 years ol Durati of ptitis, 40 days.
Pathologic Fidixgs. Esophgs, stomach md sm : (G) no ficant

changes. Large i : (G) suberoL a hemrrages M g cd and sig-
moid; (M) marked edema; diffuse inflmmatory reaction wall; mucosa
intact

Noniflammatory Edema of the Intestine
In addition to the 17 cases with phlegmon, there was noninflam-

matory edema of sa and large intesti nes in 26 other cases. The
edema varied in degree, and involved especially the submucosa (Fig.
53). In all of the cases there was assoated ascites.
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Ukeration of the Esophagus
The lower one-third of the esophagus in many cases showed changes

such as are frequently regarded as due to post-mortem autolysis. The
mucosal surface had partly sloged away, and there were small longi-
tudinal erosions, often covered by chocolate brown debris. Because
the lesions are so mmonly looked upon as post-mortem changes,
material for hisAtogic m ns was available in only 20 cases. In
9 of them, there was uperficialulcration, aied by an inflam-
matory tion that usualy exteed to the m lari, and more
rare throughout the entire wall. The an in a representative
case is shown in Fige 54. Here, small suprficial erosions were pres-
enlt at the cardio-eso~~ junction. The denuded tissue was the site
of an acute inflammtory eaction that ex lateraly beyond the
eroded portions and down to the musclaris.

Erosion of this type is too well known to merit further decription.
It bablyoccued more often in the present series than the figures
indicate. Most writes on the subject agree that the action of the
gasic juice plays ani t part in thepT of esophageal
ucration.D"-" It is wenv iting is otaled that eross occr.
Even ns, wthout v g, by rlaxati of the ardi sp
awlregurgitationdof gastric juicthe NyilesiNausea and
vomiting alone, heve, are not sufficient; poor circulaton in the
esophag and a state of debilitation of the t appar to be pre-

I These facos-nausea, protracted vomiting, debilitation
and, b, mpied circulaion in the fesagus (due to inter-
ference with the circulatio though the liver)-are found in nearly
all fatal cases of ep its.

Hemorrhag Phenomen
As in other forms of tic disease, rhag were found in

epidemic hepatitis. he ltn of the orrhag inm 9 cases is
shownnin~ XIX Microscopic hemorrhages are not induded in
this tabulation. Mostc~iiiiiiIin~wer. hemorrhagesjnitheintestinal tract,

TwZ XIX
Loati of Hemorrhages iX zop Cas of Epdc Hepatics

XAcatk-aa No. e cam Pe ct dcm
intestina or mesey 80 73
Lump 74 68
Heut 43 39
Kidney 14 13
Skin 8 7
BrainSS
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which occurred in approximately three-fourths of the series. In degree,
they varied from petechiae beneath the serosa and in the mucosa to
larger hemorrhages, which were usually at the attachment of the gut
to the mesentery or mesocolon (Fig. 63).

Almost as frequent were hemorrhages in the lungs, in which dark red,
almost blac, hemorrhagic patches with ill-defined outlines were
scattered thrugh all lobes. The bronchial walls were. dusky red.
Sometimes the supporting tissue around the larger vessels was hem-
orrhagic. Microscopically, in large areas the air sacs and bronchial
walls were flooded with blood. It is probable that the pulmonary
hemorrhages predispose to bacterial invasion, for in a great majority
of cases foci of terminal pneumonia were found at autopsy.
Next in frequency were hemorrhages in the heart, where they were

located in the epicardium and, commonly, beneath the septal endo-
cardium of the left ventride, near the undefended space (Fig. 62).

In the kidney, the hemorrhages were usually pelvic in location. In
other organs hemorrhages were found more rarely.

Bone Marrow

Bone marrow specmens were available for histologic minaton
in 22 caseS, the tissue having been selected usually from rib, sternum,
or vertebra. This relatively small series fortunately represents early
cases, cases of average duration and others with a protracted course.
Whn one takes into consideration the variables dependent on the age
of the ptient and the site of the particular specim, certain generali-
ties can be establis.

In most instance there was a mild to moderate degree of hyperplasia
(Fig. 64) due more to increased activity of the erythrocytic n of the
granulocytic series. Megakaryocytes were normal in structure and dis-
tribution and varied in number with the degree of general hyperplasia.
There was no disturbance of maturation in the several developmental
series, and most cells were found in the midstage (i.e., erythroblasts,
myelocytes) or beyond. Degerative hanges were-iot evident. Pig-
ment, presumably hemosiden, was often noted within histiocytes.

Certain ca displayed m hyperplasia, fat being completely
replaced by hetopoietic tissue, which in some instances was pre-
dominantly erythroid (Fig. 66), in others myeloid (Fig. 65). The
changes bore no constant relation to length of disease. They sugst,
however, tha a certain degree of hyperplasia of bone marrow occurs
at all stag of fatal epidemic hepatitis, probably as the combined
result of hemorrhages and of hepatic destruction.
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Kidneys
In the majority of cases the kidneys were swollen, flaccid, and bile-

stained. The combined weights, tabulated in 88 cases, are as follows:
Below 300 gm., I ca; 300 to 399, 25 cases; 400 to 499, 36 cases;
500 to 599, 17 cases; over 600 gml, 9 cases. The kidneys were there-
fore considerably swollen, ie., they weighed over 400 gm. in 70 per
cent of the cases. Microscopically, the lesions in most of the kidneys
were typical of cholemic nephrosis. The glomeruli were well filled and
normally cellar. Precipitated protein in the capsular space, fre-
quently present, indicated alterations in permeability of the fitering
capillaries. Pigmented casts lay in the himina of various parts of the
tubular system, iulry in the distal convoluted and the collecting
tubules (Fig. 59). Degenerative chang of varying degree were evi-
dent, ranging from simple "doudy swelling" to actual necrosis similar
to that of mercurial poisonig (Fig. 6o). In severely damaged kidneys,
regeneration seed to go hand in hand with destruction, and it was
common to see tubules relined by flat epithelium (Fig. 6i).

Cholemic nephrosis has received much less attention than the condi-
tion merits.Ts

Testis

Cirrhosis of the livef is not infrequently associated with atrophy of
the testis. It is therefore a matter of much interest to eme this
organ in cases of fatal epidemic hepatitis. Material was available in
38 cases. In 7 cases the organs were found to be completely atrophic
and fibrotic: in 5 some degree of disturbance of spermatogenesis was
evident, and in 26 cases the testes were normal. In the 7 cases of
complete atrophy and fibrosis, the duration of hepatitis was from 26
to 64 days. The testicular process in all appeared to be of much longer
duration.

In the 5 cases in which there was a varying degree of interference
with spermatogenesis, there was some edema of stroma but without
fibrosis. Hepatitis had been present from 52 to 76 days in 4, and 138
days in one. In these cases it is not certain whether the testicular
changes can be related to the hepatic damage.

It may here be pertinent to recall the relation of the liver to the
testis. The liver is important in the metabolic disposal of sex hormones.
When, because of hepatic sufficiency, this disposal does not take
place, estrogens accumulate; these substances, in excessive concentra-
tion, very probably damage the sperm-forming cells of the testis and
thus may lead to severe atrophy.'

In a recent study of 34 cases of hepatic failure other than cirrhosis
(carcinoma, amyloidosis, hemochromatosis) Morrione I found that in
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order to result in atrophy of the testis, damage in the liver must be
severe, extensive and long-standing. Whether in any case of the present
series the testicular damage can be related to the hepatic damage S
doubtful. Study of much additional material is required to aid in the
solution of this complicated problem.

Brain

Grossly, the brain showed little alteration, except edema. In 62
cases, blocks from representative areas were available for microscopic
examination. The change found were of two kinds. One was acute
degeneration of ganglion cells, the other inflammatory reaction around
vessels and in the meninges.
The changes in the ganglion cells were of types such as occur com-

monly in many different diseases (Figs. 67 to 69). Satelitosis around
damaged cells was rare. The ganglion ceIl changes were irregular in
distribution; no part of the brain was especially affected. Occasionally,
isolated cells were completely destroyed; their remnants usually were
invaded by glial elements (Figs. 70 and 71). In a few instc there
were found tiny glial nodules (Fig. 72). Otherwise, glial reactions of
any kind were sparse.
The vessels had normal walls; hemorrhages were rare. Edema of

varied degree was usually present. There were nowhere any areas of
demyelination. All these changes are nonspecific.
A different and more important lesion was found in the basal

meninges and around the vessels of the brain stem (induding the
hypthalamus), in the periventricular system and the nudeus basalis.
In these regions occasional a vessels were cuffed by lymphocytes
(Fig. 73). Such perivasular infiltration was never pronounced. Figure
74 is representative of the average degree. The meninges showed a
similar and often more diffuse lymphocytic infilttion (Figs. 75 and
76). The vessel walls were never necrotic. The lesions did not occur
in the cortex or the subjacent white matter.
The perivascular andme infitrations were present in approxi-

mately I5 per cent of the brains mined. The lesions are sufficient
in degree to be considered a mild enincephalis.

PATHOLOGIC PHYSIOLOGY OF FATAL EPIDEmaC HEPATIIS

It is beyond the scope of this paper to discuss all of the varyig
functional faults encountered in fatal cases of epidemic hepatitis.
Rather, I1s briefly discuss the mechanism underlying the jaundice,
the ascites, the hemorrhagic phenomena and the cerebral manifesta-
tions.
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Jawudice
Jaundice indicates a disturbance of the balance between the rates of

bile pigment production and its excretion by liver cells into the biliary
system. Regarding the pathogenesis of jaundice there are two main
schools. By one, following the teaching of McNee,U three types of
jaundice are recognized: hemolytic jaundice, toxic jaundice and ob-
structive jaundice. In hemolytic jaundice the rate of bile pigment
formation, due to ecessive destruction of red corpuscles, is so great
that it exceeds the rate with which the liver clls can modify and then
eliminate the pigment. Hence, an excess of bilirubin accumulates in
the drculation and tints certain tissues. In the second type of jaundice,
the toxic variety, the liver cells are severely damaged or acally killed
and hence cannot take up the bilirubin of normal hemoglobi break-
down from the circulating blood. In the third type, obstruclive jaun-
dice, the rate of nt formation by the reticulo-endothelial cells
is normal and the liver cels are able to secrete the pigment into the
intracolumnar analiculi. Due to obstruction somewhere in the excre-
tory duct system, the deicte anliculi become distended beyond their
capacity and rupture, spilling bile into the space of Disse or directly
into the circulating blood.
A somewhat different view concerning the nism of jaundice

is expressed by Rich." He cni onl two ma types: retention
jaundice and regurgitation jaundice. The former is practically synony-
mous with hemolytic jaundice of other writers. It occurs in various
anemias and in any condition assoated with increased destruction of
red blood cells. The other form, reguritation jaundice, is due to a
reflux of bile from the intralobular canaliculi into the blood stream
It results from rupture of the delicate liculi, brought about either
by necrosis of liver cells or by obstruction of the outflow of bile any-
where within the biliary system. The regurgitation jaundice of Rich,
therefore, includes both the toxic and obstructive variety. He believes
catarrhal jaundice to be a form of regurgitation jaundice of unknown
pathogenesis.
McNee, Rich, and other students of jaundice agree that the causes

of jaundice cannot always be placed in these separate compartments;
there is often a combination of several factors.

Catarrhal jaundice for many years was thought to be due to obstruc-
tion at the lower end of the biliary duct system. In contrast, the jaun-
dice of idiopathic yellow atrophy of the liver-a condition formerly
regarded as an unrelated disease was usually attributed to damage
or destruction of liver cells. It has been shown, however, that catarrhal
jaundice and yellow atrophy of the liver are not different diseases but
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different forms of the same disease, naely, epidemic hepatitis. If this
be true, then it may be expected that in both forms the pathogenesis
of jaundice is the same. Actually, in both forms, the cause of jaundice
appears to lie principaly in obstruction of the intralobular n i
by bile thrombL In biopsies reported by Scandinavian and British in-
vestigators, and in rare post-mortem examinations of patients who
have died from accidental causes, the liver in catarrhal jaundice has
always shown, within bile canaliculi, plu of altered and issated
bile. In fatal cases of epidemic hepatitis, i.e., in "idiopthic" yeliow
atrophy, these plugs occur in great numbers within the intralobular
naliculi. In contrast the extralobular ducts, s and larg, are

patent. No doubt, mjury to the liver may be an additional factor in
early stages of Aepdic hepatiti m both its benign and maligant
forms. But it is more thn probable that n obstction of
the intralobular analculi is the most important cause of the persistent
jaundice of mic hepais.

Ascites
Ascites is a common event in fatal epidemic hepatitis. It occurs in

approximately two-thirds of the cases. Most often ascites appears
rather suddenly, during the final phase of the disease. It should be
emphasized, however, that it may occur also, tugh less often, in
ptEnts who recover.
The nmechnism of ascites is complex. At least two factors are

Usually involved: (I) alteration of the plasma prteins which leads
to lowering of the coiloid osmotic pressure, and (2) increase in portal
blood pressure due to interference with venous flow through the liver.
The resulting states will, in turn, bring about anoxic increase i capil-
lary permeabilty.

It is well known that extensive damage to the liver tends to lower
the quant of the plasma prteins and alter their elative pr
tion." In many cases of this series, the lasma proteins were depleted
Ascites, however, often apeared before the protein leveld This
was especially true when the course of hepatitis was rapid. In a con-
siderable number of cases the plasma proteins showed little alteration
Moreover, the acumulatin of fluid was commonly limited to the
abdominal cavity; general edema was rare. There is, however, no
constant relation between the level of plasma proteins and the colloid
osmotic pressure of the blood. This subject was discued in a recent
paper by Butt, Snell and Keys." These investigators brought together
experimental and dinical evidence which indicates that in hepatic
disease the proteins may be altered both in quantity and in quality.
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They were unable to demonstrate a constant "edema level" by measur-
ing the colloid osmotic pressure. They cited the results of unpublished
exeriments of Boilman, who found no direct relation between the
appearance of ascites and any exact serun protein concentration or
level of the colloid osmotic pressure. But Bollman did find the rapidity
of appearance of ascites more directly related to the extent of the
hepatic inury. All these facts suggest that fail in the plasma proteins
or in osmotic pressure is usually not the mai cause of asctes in fatal
epidemic hepatitis.
We may now consider another factor that may be responsible for

ascites, namely, obstruction to the flow of blood in the liver. In epi-
demic hepatitis many efferent veins are severely injured. There is
markred endophlebitis, sometimes thrombosis and complete obliteration.
Moreover, there are c;h in the distnbution of blood within the
liver. Where new parenchyma has been formed the tissue is markedly
ischemic. Where tissue has been destroyed there is great engorgement,
perhaps stagnation. There is, therefore, the possibility that even in
early stages of hepatitis portal flow may be impaired.
That portal obstruction actually exists is shown by comparison of

spleens from patients with ascites and from those without ascites. The
spleen in the ascitic group is enlarged twice as often as in the group
without ascites. This enlargement may be regarded as evidence of
portal obstruction. Although this does not furnish positive proof, it
suggests that obstruction to portal flow is at least one factor in the
pathogenesis of asctes.

Besides mechanical obstruction, other factors may be concerned.
The liver normally stores a large proportion of ingested water.67 De-
struction of much of the parenchyma in fatal hepatitis may interfere
with the function of water storage and thus contnbute to the establish-
ment of ascites.

Hemorrhagic Phenomexa
The hemorrhagic phenomena of epidemic hepatitis are doubtless due

to disturbance in prothrombin formation in the damaged liver. The
relation of hemorrhage to liver damage has been reviewed in recent

p rCerebral Manifestation
Mental and nervous manifestations are almost invariably present

during the final phase of fatal hepatitis. These are somewhat paralleled
by the symptoms observed in experimental animals subjected to com-
plete removal of the liver. In such animals the symptoms produced,
and the death of the animals, must be attributed chiefly to hypo-
glycemia which takes places after the liver, the chief storehouse of
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glycogen, is removed. However, animals in which some hepatic tissue
remains do not show the typical symptoms that are present when the
liver is removed completely. Death in such animals cannot always be
attributed to hypoglycemia.'5

Severe hepatic injury must inevitably lead to serious disturbances
in the chemical composition of the body fluids, on the stability of which
depends the normal state of all tissue. It seems reasonable to assume
that it is the general imbalance of tissue fluids rather than the dis-
turbance of a single component, such as sugar, which is responsible for
the cerebral manifestations and for death.
The anatomic background of the cerebral symptoms is rn-defined.

In this series, two m kinds of changes were found on microscopic
examination. One was acute nonspecific degeneration of ganglion cells,
such as accompames many different diseases. These changes occurred
in all cases. The other was a mild form of meningo-encephalitis o-
cated particularly in the brain stem, indudingthe hypothalamus, the
periventricular system and the nudeus basalis; the cortex and the
subjacent white matter remained untouched. These changes occurred
in approximately I5 per cent of the brains.
The lesions are different from those found in virus diseases, such as

measles, mumps, or vaccnia. In these, foci of demyelHnation and often
necrosis of small arteries are characteristic; such alterations are not
found in cases of hepatitis.
The cerebral symptoms of hepatitis have some points in common

with Wernicke's syndrome, in which the dinical manifestations are
lethargy or drowsiness terminating m coma, and sometimes periods of
excitement. Frequently, these nervous manifestations are associated
with vomiting.n In the pathogenesis of Wernicke's syndrome, vitamin
deficiency, particularly deficiency in Vitamin B1, is thought to play an
important part. Deficiencies of several vitamins probably occur when
the liver is as extensively damaged as it is in fatal hepatitis. However,
anatomically the lesions of Wernicke's encephalopathy differ from those
found in cases of epidemic hepatitis. In Wernicke's encephalopathy
the lesions consist mainly of vascular proliferations, a varying degree
of gial proliferation, and absence of perivascular lymphocytic cuff-
ing.70-'n In hepatitis, on the other hand, vascular and glial prolifer-
ations ar6 inconspicuous or absent, but perivascular lymphatic infiltra-
tion is present. Because of these differences there is no ground for
believing that the cerebral lesions of hepatitis are the result of vitamin
B1 deficency.
We may now consider whether the nges in the brain may result

from toxic substances passing through the damaged liver. The portal
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blood always contains an abun an of toxi products of digestion
which in the normal liver are detoxified. Through the greatly damaed
liver of fatal hepatitis they may pass unal Certain experiments
of Bal6 and KorpassyT2 have a b on point. When dogs with
Eck's fistula were fed meat, 6 of 8 animas presented symptoms of
encephalitis. In the brains of 3 dogs, histologic c ges were found
which correpoded to sutive e hlitis; they were located
particularly in the striate body. These lesions were of smilar kind,
but of greater degree, than those found in patits. Bal6 and Kor-
pkssy conduded that the encephalitis in their exerimental i
was due to intoxiation caused by exclusion of the liver.

It seems probable that in fatal hepatitis the detoxifying function of
the liver is so altered as to permit the circulation of substances nor-
mally bound or destroyed i this organ. The working hy is is
proposed that the cerebral changes of hepatitis result chiefly from loss
of the detoxifying function of the liver.

SUAR"Y

This study is based upon 125 fatal cases of hepatitis which occurred
in the U. S. Army during the epidic of I942.

In an historical summary it has been shown that heptitis not
a new disease; many epidemics have occurred. In all epmi the
clinical picture has been remarkaly similar. Tne notality has always
been low, from 0.2 to o.4 per cent

Prior to World War I there was little information concerning the
lesions of epidemic hepatitis. It has gradually come to be recgnized
that the lesions in the livers of fatal cas correspond to those long
known as idiopathi acute yellow atr-ophy. Nevertheless, the view that
yellow atrophy and epidemic hetitis are but two extremes of the
sa disease has not been accepted by all. The present studies leave
little doubt that idiopathic yellow atrophy represents the end stage of
fatal epidemic hepatitis.

lThe clinical course in the fatal cases has been analyzed. There were
three distinct p : pre-icteric or initial, ntermediate, and final. In
the great majority, the initial phase lasted 7 days or less, the interme-
diae phase no more than 26 days, the final phase no more than IO.
The initial symptoms were the same as those in cases of the nonfatal
disease. The intermediate phase began with the onset of jaundice;
during its early stages there was no idication that the disease was
not going to run its usual benign course. However, in the majority
there was a sudden dramatic chane which initiated the final phase of
the disease; it usually was marked by the development of cerebral
manifestations, persistent vomiting and ascites. The cerebral symptoms
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were, principally, lethargy and coma alternating with excitement and
ddirium.
The patient was usually afebrile, except during the terminal stage.

The pulse was rarely slow. The blood pressure was normal, except
during periods of exitement in the final phase.

During the stages preceding the final phase the liver was usualy
enlarged and tender. Later it shrank rapidly.
As the disease progressed, moderate a aea In all but the

final stage, there was usually slight leukopenia with relative lympho-
cytosis.
The chief lesions were found in the liver. They were those typical

of yellow atrophy. Characterstically, involvement of the liver was not
uniform. In large areas all the parenchyma was destroyed, leaving
only skeletal remnants of the lobules, whereas elsewhere destruction
was inomplete. The rem of lobules were outlined by small pro
liferating bile ducts. The destruction affected only the liver cells, the
framework and siusoids remaing unialtered. Scarring did not occur.
it is characteristic of the destructive process th the da cells were
removed rapidly. In the areas of destruction there was an i atory
reaction that persisted for a long time. Macrophages fillUed with lipo-
fuscin were particularly prominent. The efferent veins were the site
of marked endophlebitis.

Hyperplasia of survi ells led to the formation of much new
tissue which grossly appeared coarsely nodular or tumor-like. Micro-
scopicaIlly, this tissue almost never had a normal lobular structure. The
new parenchyma was formed almost excdusively from pre-existing liver
cells. However, there is some morphologic evidence that liver cells
are sometimes derived from bile ducts. While it is impossible to decide
on morphologic grounds whether bile ducts ca actally form liver cells,
it is probable that they do so.
The newly formed parenchyma was markedly ischemic and over-

laden with bile, due to obstruction in the intralobular canaliculi. Tle
extralobular bile ducts were normal. There was no evidence of pro-
gressive destruction of tissue. But in some areas the newly formed
parenchyma degenerated because of ischemia, bile stasis, and, perhaps,
accumulation of metabolic waste products.
The gallbladder showed no significant change.
The regional lymph nodes of the liver were edematous and often

hyperplastic.
The spleen in the majority of instas was enlarged. In early stages,

enlargement was due to celular proliferation, and in later stages to
congestion.
The bone marrow usually was moderately hyperplastic.
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In the gastrointestinal tract edema was commonly found, and in
about I5 per cent of the cases there was a phlegmonous inflammation,
particularly in the cecal region. The phlegmon was probably a late
event, as the inflammatory cells were well preserved.
The kidney usually showed the picture of cholemic nephrosis.
In the brain two kinds of changes were present: an acute nonspecific

degeneration of ganglion cells, and a mild i cephalitis which
occurred in about i5 per cent of the cases.
Hemorrhages were found particularly in the lung, intestine, epi-

cardium, endocardium and kidney. Hemorrhagic phenomena may be
attributed to disturbances in vitamin-K metabolism and to nges in
the level of prothrombin, both due to destruction of liver.

Ascites occurred in two-thirds of the cases; its frequency was un-
related to the total duration of hepatitis. It usually developed late in
the disease. Ascites is thought to be due principally to interference
with blood flow through the liver, although other factors may be con-
cerned, such as change in plasma proteins and interference with the
water-storage capacity of the liver.
The mecanism of jaundice is believed to be obstruction of the

intralobular canali .
The cerebral lesions are believed to be due to loss of the detoxifying

function of the liver, although here, too, the exact mechanism is not
known.
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DESCRIPTION OF PLATES

PIATE 88

Fr.. i. Case 24. Duration of ptiti, 36 days. Under surface of a iver which
1320 gm. The lver is shrunen, particularly the left lobe. Tle surface

of the right lobe shows a number of flat or eevated nodular areas, en
which the tissue is finely wrinkled The surface of the left lobe is deepy fur-
rowed. At the hilum is a duster of nlae edmatous lympih nodes (For
microc appearance of lvr see Fig. 3o; hemorrhages in heart and gut of
this case are shown in Figs. 62 and 63.)
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PLATE 89

FIG. 2. Case 8i. Duration of disease, i9 days. Cut surface of a liver which
weighe 890 gin. Over one-half of the orgn has a fleshy, red appearance:
here all liver cells have been destroyed. The yellow nodular patches are rela-
tively ischemic, and are composed of large "lobules" of regenerating tissue.
(The microscopic appearance of the red part is shown in Fig. 4.)

FIG. 3. Case 8. Duration of disease, 43 days. Vertical cut section of a liver which
weighed 850 gm. The large, red, fleshy area consists entirely of vascular stroma
and bile ducts; all liver cells have been destroyedL The ainder of the
organ is composed of yellowish green nodular areas of regenerating paren-
chyma. (The microscopic apparance of the latter is shown in Figs. 27 and
28. For microscopic apparance ot the esophagus from this case see Fig. 54.)
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PLATE 90

FIG. 4. Case 8i. Duration of disease, i9 days. Microscopic appearance of the
red, fleshy area of the liver shown in Fig. 2. The parenchyma has been de-
stroyed. The lobular outlines are indicated by numerous, small, biliary ducts.
The sinusoids are greatly engorged. Masson's trichrome stain X 250.

FIG. 5. Case 84. Duration of disease, 93 days. Microscopic appearance of the
pale nodular areas of regenerative hyperplasia shown in Fig. Iii. Cords of liver
cells form a pseudolobule which is noticeably ischemic. Elsewhere small bile
ducts and large tubules composed of hepatic cells are scattered throughout
the collapsed stroma; these large tubules are reminiscent of the liver in the
early stage of embryonic development. X 250.

FIG. 6a. Case I1I5. Duration of disease, i8 days. Numerous macrophages with
yellow-brown granules are scattered throughout the lobular stroma from which
the liver cells have been removed. X 500.

FIG. 6b. A section from an area similar to the one shown in Figure 6a. but stained
with Sudan m. The pigment granules take the fat stain well. X 500.
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PLATE 91

FIG. 7. Case Io4. Duration of disease, 98 days. A branching bile duct, the lumen
of which is in continuity with the canaliculi of two atypical and probably
renerated hepatic columns. This appearance suggets a possible transforma-
tion of biliary epithelium into liver cells. X 650.

FIG. 8. Case 28. Duration of disease, 2I days. The lumen of a branching bile
duct is continuous with that of a tubule composed of liver ceHs. Surrounded
by the epitheium of the bile duct lie several lawe typical liver cells; as in
Figure 7, this suggests a transformation of bliary cells into hepatic cells. The
section comes from an area of "red atrophy." X 65o
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PLAT 92

FIG. 9. Case 92. Duration of hepatitis, 69 days. Weight of liver, Io4o gin. Massive
tumorlAe areas of hyperplastic regleneatedtissue project above sunken
pat . ITe surface of suken regions has the appar of coarse-grained
leather.

FIG. io. Case 124. Duration of disease, 37 days. Weight of liver, 8gm gm. Under
surface of organ shows numerous coarse nodules; the mainder has a smooth
or finey wrinkled appar . (See Figs. 73 and 75 for changes in the brain
of this case)



Aj X JoUNAL OF PATHOLOGY. VOL XX

I;.x
..j

Pathokogy of FatalE .. HeptitisLucke

537

PLATE 92



PLATE 93

FIG. II. Case 84. Duration of disease, 93 days. Weight of liver, 1710 gm. The
cut surface shows extensive pale areas of regenerated "lobules"; between
them lie depressed patches of tissue having a smooth texture and a fleshy
aparance. (The microscopic structure of a r ted "lobule" is shown
in Figs. 5, 32, 37 and 46. For structure of the kidney of this case see Figs. 6o
and 6i; for brain chahges see Figs. 71 and 72.)

FIG. 12. Case 76. Duration of disease, 96 days. Weight of liver, 210O g1n. This
is an example of massive regenerative hyperplasia limited almost exclusively to
the right lobe; the left lobe consists chiefly of collapsed stroma. (See Fig. 20
for appearance of reticulum in left lobe, and Figs. 67, 68, 69 and 76 for changes
in the brain)
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FIG. 13. Case 4 Duration of disease, io days. The central parts of the lobules
have been destroyed; the peripheral rim of hepatic cells has eaine amore or
less intact. (See Fig. i6 for details of cellular reaction within the stroma of
the central portion of the lobules, Fig. 21 for changes in an efferent vein.
Figs. 24, 25 and 26 for early regenerative activity, and Fig. 39 for appeace of
portal canal and interobular bile ducts.) X 35.

FIG. 14. Case i8. Duration of hepatitis, 30 days. Ihe central zones of the
lobules are largely destroyed, leaving a peripheral rim of parenchyma. X I20.
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PLATE 95

FIG. I5. Case I5. Duration of hepatitis, I4 days. The figure shows extensive
destruction of parenchyma leaving only isolated broken columns of cells at
the periphery of some lobules. The stroma is infiltrated with macrophages
and exudative cells. (See Fig. 40 for appearance of interlobular and septal
bile ducts.) X I35.

FIG. I6. Case 4. Duration of disease, io days. The photomicrograph shows the
central part of a lobule, the stroma of which is infiltrated with polymor-
phonuclear leukocytes, lymphocytes, plasma cells and pigmented macrophages.
This pigment is lipofuscin. A clump of multinucleated liver cells is evidence
of early regenerative activity. (See Fig. 24.) X 8io.
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PLATE 96

FIG. I7. Case 79. Duration of hepatitis, 57 days. The section is from an area of
"red atrophy." The periphery of the lobular remnants is more or less out-
lined by stockades of branching bile ducts. (The condition of efferent veins
from this case is shown in Figs. 22 and 23.) X 35.

FIG. i8. Case 93. Duration of disease, 76 days. From an area of "red atrophy."
The outlines of lobular remnants are indicated by numerous small proliferating
biliary ducts. (Elsewhere the liver from this case showed atypical regeneration
of parenchyma; Fig. 34.) X 85.
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PLATE 97

FIG. I9. Case 8o. Duration of hepatitis, 3o days. The interlobar stroma from an
area of "red atrophy" has remained intact. Because of loss of liver cells the
meshes of the reticulum framework are narrowed and partly collapsed. Wilder's
reticulum stain. (Branching bile ducts from this case are shown in Fig. 41;
a photomicrograph of the spleen, in Fig. 57.) X 330.

FIG. 20. Case 76. Duration of disease, 96 days. The lobular reticulum is intact
and, in general, has a normal pattern, although its meshes are somewhat dis-
torted. The section is taken from the atrophic left lobe of the liver shown
in Figure I 2. (For changes in the brain of this case see Figs. 67, 68, 69 and
76.) X I70.
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PITE 98

Fi. 21. Cse 4. Duration of dises, io lays. A central lobular vein has a greatly
thickened wall which appears hyalinied. The su ia layer of the vein
is infiltrated with cels of the same types as shown in Fiure i6; the endo-
thelial ing is intact. (See Figs. 13, i6, 24, 25, 26 and 39 for other photo-
mic rps of liver from same case.) X 500.

FiC, 22. Case 79. Duration of hepatitis, 57 days. A sublobular vein shows marked
end&hlebitis. (See Fig. I7 for a rance of the s undig tisues.) X I75.
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PLATE 99

FIG. 23. Case 79. Duration of disease, 57 days. A sublobular vein stained by
Wilder's reticulum stain shows that the endothelium of the intima is intact.
The subendothelial layer is infiltrated with numerous cells, some of which are
pigmented macrophages. TIhe walls of the vein have a loose structure. X 500.

FIG. 24. Case 4. Duration of disease, io days. Early multiplication of liver cells
is shown adjacent to a region from which the parenchyma has dip
Ihe regenerating cells have dosely a d, deeply staining large nuclei.
The stroma of the central part of the lobule is infiltrated with wandering cells,
details of which are shown in Figure I6. ITne central loblar vein exhibits
marked endophlebitis. (See Fig. 21 for details.) X iio.

FIG. 25. Case 4. Duration of disease, io days. ITe partly broken columns of liver
cells show early regeneration, as indicated by numerous dosely placed hyper-
chromatic nudei; many cells are binucleated. X 330.

FIG. 26. Another field from the section shown in Figure 25. X 330.
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PLATE 100

Frc 27. Case 8. Duration of di , 43 days. A lare multinueted liver cell
froman aIb of regeneration. Te SeCtio is taken from the nodUlar ars of

regenertion ShOwn sly in F*gUre 3. X 300.

F*, 28. Case 8. Duratim of diseas, 43 days. A mukinuced liver "giant" cel
at higr mgnifi than in Fure 27. 'fIe cytoplasm of the cell contains
gales of bile pigmeuL X 700.

Fw., 29. Case 53. Duration of disease, 34 days. A group of liver cells, which are
aang in such a dis y manner as to simulate asia A number of
cells are multin tLThe cytoplasm of most cells has a ganular appearace
becase of the prsence of bile. X 20.
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PLATE 101

FIG. 30. Case 24. Duration of disease. 26 days. The photomicrograph shows the
edge of a region of regenerative hyperplasia. he section was taken from the
liver illustrated in Figure i. The hyperplastic parenchyma has no orderly ar-
rangement. Where complete destruction has occurred, the lobular outlines are
still indicated by proliferating bile ducts. The empty stroma stains darldy
because of excessive blood in the sinusoids. X 35.

FIG. 31. Case 8i. Duration of disease, I9 days. The section has been taken from
one of the yellow patches of regenerating "lobuls" shown in Figure 2. The
newly formed "lobuls" are large, have an atypical structure and are noticeably
ischemic. (Fig. 4 shows the micrscopic appearce of the liver from this case
in the regions of "red atrophy"; here the sinusoids are prominently distended.)
X 50.
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PLATE 102

Fioc 32. Case 84. Duration of disease, 93 days. Sectio frm nodula areas shown
growsly in Figu Ii. ge,coflu patches of hyma ar seen; there
is O arrn nt into defnite lobuIes. (See Figs. 37 aDd 46 for higher magni-
fication; the changes in the kidney f this case are shown in Figs. 6o and
6i; the brain changes in Figs. 7I aDd 72.) X 35.

FIG. 33. Case 86. Duration of disease, 62 dayS. lhe reticulum framework and the
columns of liver cells convee m normal manner toward the centrAl lobular
vein. (See Fiwg 7o for changes in the brain.) X 20o.
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PLATE 103

FIG. 34. Case 93. Duration of disease, 76 days. A large hyperplastic "lobule," the
central region of which is made up of atrophic and more or less disunited liver
cells, whereas the cells at the periphery form columns. (Fig. I8, from the
same case, shows a region of complete destruction of hepatic parenchyma, with
preservation of the bile ducts.) X 6o.

FIG. 35. Case 58. Duration of disease, 40 days. Secondary degeneration in an area
of regenerative hyperplasia. Because of marked isea and perhaps other
factors, the newly formed cells are undergoing degenerative changes. (The large
size-and hyperchromatic nudei of the hyperplastic liver cells are noteworthy
features.) A marked lymphocytic and polymorphonudear reaction is seen in
the stroma. X 200.
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PLATE 104

FIG. 36. Case 66. Duration of disease, 24 days. A multinuted "giant" liver
cell, the nuclei of which have prominent nudeoli The latter must not be mis-
taken for intranuclear inclusion bodies. X IOoo.

FIG. 37. Case 84. Duration of dise, 93 days. Tbe bile canalicuus of an hepatic
column is distended with a plug of inspissated bile. hbe liver cells are well
preserved. (The grss apprance of this liver is shown in Fig. iI; for geneal
structural changes see Figs. 5, 32 and 46; for lesions in the kidney, Figs. 6o and
6i, and for brain changes, Figs. 7I and 72.) X woo0.

FIG. 38. Case II 7. Duration of disease, 240 days. Section is stained with Wilder's
reticulum stain. Near the center of the figure is seen a thick branching bile
"thronbius"; several other bile "thrombi" lie within the nearby canaliculi; the
idividual liver cells contain coarse granules of bile. X 850.
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PLATE 105

FIG. 39. Case 4. Duration of disease, lo days. A portal triad with several large
interlobular bile ducts having normal structure. The branches of the portal
vein and hepatic artery likewise are normaL X Ioo.

FIG 40. Case I 5. Duration of disease, 14 days. Early budding of biliary ducts.
The portal stroma is richly cellular. (Fig. IS shows the extent of paren-
chymatous destruction in nearby parts of the liver of the same case.) X 125.

FIG. 41. Case 8o. Duration of disease, 30 days. Proliferating bile duct at the
periphery of a lobule. The lining cells have dosely placed oval nudei and
scanty cytoplasm. X 350.
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PLATE Io6

FIG.42. Case II7. Duration of disease, 240 days. In regionS in which the hepatic
cels had been destroyed completely, proliferated small bile ducts remanm im a
richly vascular stroma. X I50.

Fr 43. Case 46. Duration of disease, Is daYs. Tubulr structures at the periphery
of a lobule; some parts of the tubules are lined by cells resembling bile duct
epithelium, whereas other parts are lined by elements resembling liver cells
X 400.
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PLATE 107

FIG. 44. Case 92. Duration of disea, 69 days. Two large dumps of bile. one
lying in a widely dilated intracolumnar canaliculus, the other in a tubule ap-
parently lined by biliary epithelium. (See Fig. 9 for gross appearance of liver,
and Fig. 59 forchanges inkidney.) X 550.

FIG. 45. Case 113. Duration of disease. 154 days. The lumina of tubular structures
at the periphery of lobular remnnts contain clumps of bile. It is impossible to
be sure whether these tubules are composed of biliary epithelium or of liver
cells. X 350.
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PLATE IO8

FIG. 46. Case 84. Duration of disease, 93 days. Ihe cells of the regenerated tubules
dosely resemble liver cells. Whether these cells are derived from biliary
epithelium or from pre-existing liver cells is debatable. (See also Figs. 5,
II, 32, 37, 6o, 6i, 71 and 72 for photographs of other lesions in this case.)
X 550.

FIG. 47. Case I04. Duration of disease, 98 days. A duster of tubules lined by
liver cells lies at the periphery of a lobule. Ihe location and appearance of the
tubules suggest that they have been derived from bile ducts. (See also Fig. 7
from the same case which shows a branching bile duct connected with re-
generated columns of liver cells.) X 300.
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PLATE 109

FIG. 48. Case 22. Duration of hepatitis, I7 days. Cecum. TIhe tissue is extremelb
edemaous; the mucosa is thrn to thick folds. (See Fig. 5I for micro-
socappearan.

FIc. 4. Case iI. Duration of hepatitis, 64 days. Transverse section of lower
ileum showing edematous thickening of wall and of mesenteric attachment.
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PLATE 110

FIG. 5O. Case 43. Duration of hepatitis, 20 days. Low-power view of colon to
show marked inflammatory edema of submucosa. Ihe mucosa is intact. (See
Fig. 52 for details of cellular reaction.) X io.

FIG. 5I. Case 22. Duration of diceas, I7 days. Low-power view of cecum shown
in Figure 48. There is marked phlegmonous inflammation which is especially
pronotuced in the submucosa. The mucosa is preserved. X IO.

572



Aic JOUWAL OF PATHOLOGY. VOL. XX

F
50

51

IIP-.4til" .1

w.,

Pathokogy of Fatal Epidmic HepatitisLuck6

573

PLAT: 1 lO

s'.
4

7A-- n, ;.

li.JP.

a ,.-



PLATE I I I

FIC. 52. Case 43. Duration of hepatitis, 20 days. Details of inflammatory edema
of wal of cecum shown m Figure so. The tissue is widely distended and every-
where invaded by polymorpouclear leukocytes and macrohages. X 550.

Fic 53. Case 94. Duration of hepatitis, so days. A low-power view of ileun show-
ing marked distention of submucosa by edema. No inflammatory reaction is
present The mucosa is preserved. X 12.
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PLATE II 2

FIG. 54. Case 8. Duration of hepatitis, 43 days. Ulceration of lower portion of
esophagus with inflammatory reaction exteding into deeper layers. (A gross
photogaph of the liver from this case is shown in Fig. 3, and the micro-
scopic appearance of the liver in Figs. 27 and 28.) X 75.

FIG. 55. Case 39. Duration of hepatitis, 34 days. Gallbladder showing marked
edema and hemorrhages in mucosa. X 25.
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PLATE 113

FIG. 56. Case 43. Duration of hepatitis, 20 days. Spleen. Hyperplasia of a follide
and of lymphoid tissue in pulp. X 50.

FIG. 57. Case 8o. Duration of hePatitis, 30 days. Spleen. Marked engorgement of
sinusoids, the walls of which have a rigid appearance. (See Figs. i9 and 41
for changes in the liver.) X 8o.

FIG. 58. Case io8. Duration of hepatitis, 39 days. Spleen, showing depletion of
lymphoid tissue; the follide is atrophic. The sinusoids have rigid walls. X 50.
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PLATE I I4

FIG. 59. Case 92. Duration of hepatitis, 67 days. Kidney, showing an intact
glomerulus, and many tubules with bile casts. (A gross photograph of the liver
of this case is shown in Fig. 9, and a photomicrograph in Fig. 44.) X 125.

FIG. 6o. Case 84. Duration of hepatitis, 93 days. Several tubules are blocked with
necrotic cells, beneath which is seen flat epithelium indicative of early regenera-
tion. X 550.

FIG. 6i. From the same case as Figure 6o. In this tubule the necrotic cells have
been removed. Ihe lining epithelium is flat and has the appearance character-
istic of early regeneration. X 375.

580



59

r 4
isw

. s ..

q
60 /_%S01

61 N,
x.

ACuxcAi JOUIMAL OF PATHOLOGY. VOL. XX

I
I

?,
0

1 ..d

I

o.

Pathokogy of Fatal Epdemic Hpitis

PLAE I1L4

e

-b

.. .--.:.1.. 16-
I

A

ep.1- kr
. t
I-A ..

0
i

-f

t

I

i

Luck6

10

i.
i -

11I li.,



PLATE 115

FIG. 62. Case 24 Duration of heptitis, 36 days. Heart showing petechiae of epi-
cardiNm and ecchymosis beneath the endocardium of the iterventicular sep-
tum, near the bases of the aortic cusps.

FIrc 63. Colo with ineocolm and epiploic _ e,from case 24. An exten-
sive hemorrhage is seen in the mesocolon.
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PLATE Ii6

FIc 64 Case 94. Duratim of hepatitis, So days. Bone marrow, showing a -

m rate degree of hyperpaia, partiadarly of the red cell series. X 450.

FIG. 65. CaSe 71. Duration of hepatit;, 49 days. BoDe marrow, showing diffuse
hyppasia, prticulary of the myeloid e ts. X 450.

FicG 66. Case 67. Duratio of disease, I9 days. Bone marrow, showing arked
hyperpai particulary of the red cell series. X 450.
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PLATE 11 7

FIG. 67. Case 76. Duration of hepatitis, 96 days. Base of brain; section through
nucleus basalis. The ganglion cells show various stages of disintegration. There
is no glial reaction. (For other changes in the brain of this case see Figs.
68, 69 and 76; the gross appearance of the liver is shown in Fig. I2, and a
photomicrograph in Fig. 20.) X 200.

FIG. 68. Case 76. Brain; third layer of cortex. The photomicrograph shows three
laWe ganglion cells. The upper cell has a broad apical dendrite and a well
preserved nucleus and nucleolus. In the middle cell the apical dendrite is
broadened; the nuleus has almost disp ; the chromatin has been largely
dissolved. The lower cell has been converted into a "ghost." (See Fig. 67.)
X 8oo.

FIG. 69. Case 76. Brain; section through midcortex. The ganglion cells have
ken, densely staining bodies. The apical dendrites are prominent and

tortuous. The change corresponds to "chronic" cell degeneration. (See Fig.
67.) X 68o.
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FIG. 70. Case 86. Duration of hepatitis, 86 days. Brain; sectio through medulla
oblongata- Invasion of a disinteate ga cell by ial ts (neurono-
phagia). X IOO.

FiQ 7.I. Case 84. Duration of hepatitis, 93 days. Brain; section through nudeus
basal A disi Itate ga cell invaded by lial e ts (
hagia). A nearby ngl cel is intact (Gross appearance of liver from this

case is shown in Fig II, and pohs in FigS. 5, 32, 37 and 46.)
X 435.

Fi& 72. Case 84. Brain; section through nuceus basalis. A small ial nodule has
replaced a aI cedL The a clS shown in the photo-
miCrograpb are in VarYg stageS Of nea X 435.
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PLATE I 19

FIG. 73. Case 124. Duratio of hptitis, 37 days. Brain; periventricular systen
adjacnt -to thalamus with perivascula lympocytic infiltati Tbe vessel
involved is klated beneath the nyma of the third ventricle. (For reaction
in minges see Fig. 75; gross a rance of liver is shown in Fig. Io.) X 300.

FIc 74. Case 78. Duration of titis, 64 days. Tegmentum of pons. Slight
perivascular Iympo tic infiltrati Iis rpesents the average degree of
p iscular infiltati observed in the present seri. X 175.

FIG. 75. Case 124. Brain. Mild degree of lymphocytic infiltration in leptomen-
iges; subPal edema. (See Fig. 73.) X 200.
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PLATE I 20

FIG. 76. Case 76. Duration of hepatitis, 96 days. Brain; section through nucleus
basalis lateral to anterior hypothalamic region. The menimges are infiltrated to
a moderate degree with lymocytes and histiocytes. In the subjacent cortex a
simlar infiltrate is noted around a small vesseL In nearly all gangli cels
the cytoplasm is swofll; in many the nuleus is shimnken and distorted.
Around a few of the more disitegrated cells, satellitoss is evident (See
Fis. 67 to 69 for details of chanesmngaeiion cells.) X 240.
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