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PREFACE

The twvesugation tecorded here ended n 1947 and the Report in ats present
>rm was accepted for pubhcation not long afterwards It was, however,
caded to postpane publication because, with the exceptron of the observations
1 epdemyology, much of the work had already been described m detail i
he medscal press and 1t was felt that precedence m the Council’s Specat
teport Series should be given to work of which accounts were not available
Isewhere:  Since then some mportant new knowledge of hepatsis has been
amned, parttcularly of the chinical aspects of the disease, but the findings of
he Report are in general very httle affected and the temptation 1o revise it
ias been deliberately reststed It remarns strictly a record of a particular
ertes of detailed mvestigations anad 1s not intended as a comprehenstve treatise
m the subject The Council beheve that the collection of the full material
inder one cover will be useful

Among the Bntish troops n the Mediterranean area there were 4,000 cases
»f jaundice 1n 1941-42 and 12,000 1n 194243 A large-scale outbreak occurred
among Amertcan troops atnving i Northern Ireland 1942 These events
gave mse to anwety over the possibility of even larger epsdemtcs 1 the Services
and of the spread of the disease to the civhan population  In May 1943,
therefore, at the request of the Mimstry of Health and 1o consultation with
the War Office, the Council appointed a Jaundice Commuttee with Professac L
‘Witts as Chairman, while a Jaundice Research Team, consistrag of the authors
of the present Report, was formed under the general direction of Professor § P
Bedson, one of the members of the Ct For
and because 1t was und le that should be carned
out m epidemyc areas, the work was concentrated in this country and the team

* was housed t the Department of Pathology at Cambridge Unaversity  Jaundice

was made noufiable tn Civii Defence Region 4, which included Carabridge
and had a population of about 24 mulion, and sufficient chnrcal matenal
was soon found

The p il chncal and
observations as well as studies T to ammals was
not achieved, despite the use of many species and of every procedure known
10 trerease susceptibility to viruses, and 1t was necessaty to use human volun-
teers  The outstanding findings of the human experiments were that a virus
15 present n the blood m arsenotherapy jaundice and that virus 1s excreted
an the faeces 1n tnfecuve hepatitis

The cimcal, pathological and epidemyological studies are also of great
1nterest, and the whole senies of observations forms a notable contribution to
the increased understanding of jaundice that was gained duning the recent war
MEDICAL ResearcH CouNcrr, September 4th, 19
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INFECTIVE HEPATITIS

STUDIES IN EAST ANGLIA DURING THE PERIOD 1943-47
by
F O MacCALLUM, MD,BSc, A M McFARLAN,MB,
J A R. MILES, MB, M R POLLOCh, MB,
and C WILSON, DM, F RCP

1 EPIDEMIOLOGICAL STUDILS
by
A M McFaruan MB

THE 1nvestigauons reported here were made between May 1943 and December
1947 from the Medical Research Councils Jaundice Laboratory i the
Department of Pathology of the Umwverssty of Cambridge In order to
present a comprehensive picture of the epidemiology of infective hepatitis
1t will be convenient to consider the data obtained at Cambridge under several
headings and to discuss cach set of observations yn the light of the published
findings of other workers

In May 1943 Dr A Leshe Banks then Prnncipal Regional Medical Officer
of the Mimstry of Health made arranpements for the voluntary reporung
of cases of catarrhal jaundice  (infective hepatitis) in the Eastern Region or
Region 4 which covered the counties of Norfolk East Suffolk West Suffolk,
Essex Hertfordshire Cambndgeshire Isle of Ely, Bedfordshire and
Huntingdonshire (Fig 1 p 3) By this means mformation about individual
cases and epidemics was received from medical practitioners through Medical

17th November 1943 The regulations provided for the notification by medical
practitioners to the Medical Officer of Health of the district of any case of

catarrhal jaundice acute inflammation of the Inver acute necroms of the
hver toxic jaundice or infective jaundice  The notifications or a ml return
were sent each week to the Principal Regronal Medical Officer at Cambnidge
In his office relevant data were recorded on punch cards and a summary of
the week s notifications by dates of onset and places of occurrence was sent
to the Jaundice Laboratory

Under the regulations the civilian cases were almost all potified
as infective hepatitis {catarchal jaundice) A few cases of arsenotherapy
hepatiis (Dble and McMichael 1943) of bomologous serum hepatitis
(Medical Officers of the Mimstry of Health 1943) and of Jeptospirosts (Weil s
disease) were also noufied under one of these names bur these
have bteen excluded from the account which follows It 13 posuble
that otker cases of these diseases were notfied as Infective hepatitss,
but nvesuganon of cases throughout the Region gave 0o reason to suspect
that more than a very few were not 1n fact infuctive hepatitis  From gime to
time intimations were received that mild cases were occurnng and were not
notfied because the patients never consulted a doctor It was not possible
to mvestigate these suspect cases but simdar mild cases were seen during
the mvestisstion of epidemucs and 1t scems probable that they occur
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2 INFECTIVE HEPATITIS

sporadically also They are mentioned here because they Justify the assump
tion that the notification of infective hepatitis as of other mnfechoys diseases
18 mncomplete  The cases notified therefore represent a minimal mcidence

Cases 1n the Armed Forces were also notified and mvestigations (nto their
epidemiology have been reported (McFarlan, 19453) The findings were
sinular fo those 1n the cvilan popufation except for the age mcdence
In home based unuts the mcidence was mauly sporadic, but epidemics
occurred 1n places where there was a ewvihan eprdemic and 1n tramning umts
with a large turnover of recrmts  Epidenucs occurred late n 1943 and early
1n 1944 1n units which returned from the Meduterranean area, but notifications
from the localities where units were stattoned showed that those outbreaks
did not give nise to epidemics m the civilian population The trend of infective
hepatttis 1n the civilians 1n Region 4 was not disturbed by mulitary epdernics
and can be discussed without reference to them

Region 4
‘The area to which the Jaundice Regulations applied also included the
County Boroughs of Great Yarmouth, Norwich, Ipswich and Southend, but
patts of Essex and Hertfordshue adjotnng London were excluded (sce
notes to Table 1)

Population  The Registrar General's estimate of the population at mud 1944
was 2 6 million, of whom 16 million lived in urban areas and 1 0 malion hved
m rural districts (Table 1) Some of the urban arcas are small covntry
towns luttle Jarger than many willages Admmustratve * urban dustricts ™ of
this kind included a population of 82,000 living 10 28 towns 11 conditions not
far removed from those 1n rural districts, they included also a population
of 201,000 lning 1 towns with between 5,000 and 10000 mhabitants
During the war years, 1939-45, there was from ttme to time a movement
of population from London and certain coastal areas to reception aresas ;n
the Region However, the md-1944 figures arc a lawr estimate Oal:o;
population m sndividual distrcts dunng 1944 and 1945 The main occup: oo
of the mhabutants 15 agnculture  there are also light industnies 1 son
the towns

TABLE 1
Population of Region 4 by Counnies  Registrar General s mid 1944 Esumate

s
County Urban Population l;: ’;;wumn Is Total
284
Bedfordshure 199 g; i
Cambridgeshire 78 b
sex® s l9?’ W
Hertfordshire 307 lg‘ 2
Huntingdonshire 28 i 2
sle of Ely 49 23 460
orfoll 195 4 36
E Suffolk 156 ‘67 108
Suffolk 41 —
Totsl 1,597 1002
Leyton
Barking Chungford Dagenham Iiford Fob 20

M al Boroughs of
Wa\&fmxilgi%é}a]anrt‘;‘:épand ‘Voog:‘brd and the Urban Distncts of Chigwell 2t

Hoply Cross N L Eao Parnet 20d the
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4 INFECTIVE HEPATITIS

Traffic routes Three mamn lines of communication radiate from London,
one through Essex to East Suffolk and East Norfolk, one through Hertford-
shire and Bedf to Hi d and beyond, and one through
Hertfordshire and Cambnidgeshire to the Isle of Ely and West Norfolk (see
Fig 1) Cross country train and bus services are few and mfrequent, and 1n
rural distnicts the only journeys frequently made by adults ate to shops and
markets 1 the nearest town and by older children to the nearest Village
College or Area School

Geography The whole Region 1s low lying  The East Anghan Herghts,
which extend from the south-west comer towards the north east nowhere
nse hgher than 600 feet They are the watershed between the Ouse and its
tributaries, which flow north through the Fens to the Wash, and several nivers
which flow east or south east to the North Sea The greater part of the
Region 1s agncultural land on which there were many aerodromes dusrmg
the war years

Chimate  The chmate 1s dner and has greater extremes of temperature
than that of the west coast of England, showing a transition from the oceanic
towards the continental type Figures of ramnfall and of maximum and
mimumum temperatures were supplied by the Director of the Botame Garden
Cambnidge Unnersity In 1944 and 1945 the rainfall was below the thurty
year mean owing to a deficrency 1n the first half of each year The monthly
maximum and summum temperatures rose i June, July and August and fell
1 the last three months The fall from the summer level 1n September
comeded with the nse of notufications of infecttve hepautis and some
respiratory nfections from their summer mumma (se¢ p 12)

Py e 1948 1927
00
&
E zocf
Z
120
N " e

Fig 2 Four weekly Notfications (1944-47) in Region 4



EPIDEMIOLOGICAL STUDIES s
Notificatlans from 1943 fo 1947

SECULAR TREND

The incidence of mnfective bepattis s Regon 4 showed an overall
downward trend from 1943 to the end of 1945 (Table 2 and Fag 2) with
2,227 nouficattons sn 38 weeks of 1943, 3,559 fn (944 and 1,626 m 1945
In 1946 there were 1,980 notfied cases, the nse bewng due 10 an increase m
the south of Essex  In 1947 the number of notifications was 1,034, the lowest
total 1n the four complete years dunng which natification was compulsory
The attack 1ates per 1000 m these four years were 13, 06, 07 and 04
The year 1946 therefore appears as o shght sregulanty m the downward
trend  The figures for May to Nosember 1943 were derived from voluntary
seporting and are Iess complete than those for later years so that the
downward tend was actually maore marked than the figures ndicate

Many medieal practtioners i the Regon stated that they had scen more
cases of mfectsve hepatitis i the winter of 1942-43 than n previons or
subsequent years  Epdemes gutside the Regon were reponied from
Wolverhampton 0 1942 (Edwards, 1943), Lewcestershute i 1942-43 {Lisney,
1944), and Wembley in 1943 (Ford, 1943y In 1941, 1942 and 1943 several
willage outbreaks were seén i Oxfordshiee, and tn 194142 there was an
exfensive outbreak i and around Preston, Lancashice (unpublished data)
At the same tne there was an outbreak in Axmunster, Devon (personal
communication from Dr W L Hawley? In 1939 an epdemue occurred w
the Lavant valley, Sussex (Newman, 1942), and an 1938 there was one 1
Wensleydale, Yorkshie {(Pickles, 19397 These records and observauons
suggest that wlcctive hepatitis was prevalent in Enpland for some ysars before
the 194243 wanter and that that was the ume of highest prevalence n some
areas  Support for this conclusion 15 provided by the graph of the mtidence
of infective hepatitis 1 Home Commands of the Royal Aw Foree (Fig 3}
The graph shows 2 rise n the 1941-42 wnter, a larger nise 1n 1942-43, and 2
progressive deching 1n subsequent years

R R rea2 58y R
]
E i
2.
=
: \_\/\
g ’/V\./‘\/‘
2
o3

Infective Hepatass in R AF Home Command  Monshly Rates pee 1000 pey amwum
{From a graph suppbed by Aw Commodore T Mcamm;
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EPIDEMIOLOGICAL STUDIES 7

CASES DENMARK _ 1928 - 1945

2000

Fio 4 [Infectne Hepotins in Denmark (1928 1945)
{From Bjdmeboe, 1936)

Long term fluctuations 1n 1zcidence are evident 1in the graph of notfica-
uons 1n Denmark from 1928 to 1945 (Fig 4) The numbers of epdemics
recorded 1n the literature since 1850 (Fig 5) suegest that simulac fluctuations
have occurred 1 several countries 1 both eastern and western hemispheres
and that from time to time the disease has been pandemic In 1942 epidenucs
occurred 1n Brtish troops i Palestne (Cameron, 1943), 1 Egypt (Spooner,
1944), m West Africa (Findlay, Marun and Mitchell, 1944) and n Syna
(Cullinan, unpubhshed report) At the same time there was a high meidence
i German troops 1n Libya, Poland and Norway as well as m civilians 1n
Deamark (Fig 4) and m England  In May 1943 epidemics were reported m
troops 1n Western Australia (Oxer, personal communication) No mformation
has been recerved of epidemics m Amenca 1 1942 43, but in these years
anfective hepatitis was epidemic 1 many countries

The secular trend of nfective hepatitis 1s charactenzed by long term

t in presal with epid or occurnag at nregular
antenvals preceded by a slow nise and followed by a slow fall In England
a0 1942 and 1943 there was a widespread epidemic and the followmng four
years 1n Region 4 were 2 penod of dectine 1n prevalence

SLASONAL INCIDENCE

The cases of infectve hepatitis reported mn Region 4 from May to
December 1943 were arranged according to the week of onset, many
cases notified 1n the early months were discarded on account of the lack of
this informatton  For this reason and because the voluntary reports did not
cover the whole Region the figures for this period are 100 low, but considerng
the observations of later years the downward trend in July (Table 2) probably
reflects the actual trend  The low Jesel dunng August was partly due to
the absence of reports from schools though 1t seems that there was a true
decrease 1n ncidence because notifications from the Services fell to a low
level at the same tme It 1s probable also that there was a true nse 1n
September and October tn addition to the effect of the resumption of reports
from schools  The nse m late November and 1n December was the result
of the gradual of y notifi n the Region
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EPIDEMIOLOGICAL STUDIES 9

Nonﬁcaucns mn 1944 and 1945 showed a fall dunng the first seven months
and a nise b d on the general downward
trend (Table 2 and an 2) In 1946 the seasonal trend was different The
number of notifications rose in March, remamed hgh mn Apnl and May
and then fell gradually to the end of the year with a shght nse dunng
September and October The nse in sprng was most marked 1o Essex,
the percentage of cases 1 each quarter of 1946 bemng 213, 410, 235 and
142 In the rest of the Reglon the percentages were 210, 240 250 and
300 and the mse 1n autumn was more evident Thus the unusual seasonal
anuidence 10 1946 was due to an out-of season increase 1n prevalence 1 one
part of the Region In 1947 the numbers fell throughout the year with a shght
autumnal nise, repeatng at a lower level of naidence the seasonal pattern
observed m 1943, 1944 and 1945

A smlar seasonal trend with a minimum tn summer and a nse 10 autumn
15 apparent also 1n the graph of mcidence 1n the Home Commands of the
RAF (Fig 3)and 1n the monthly mcidence for the years 1928 45 1a Denmark
(g 4) In Fig 6 the average monthly mcidence of infecive hepatitis 1n
Sweden for the seven years 1931 37 35 compared with that of some other
1afecttous diseases
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F1o 6 AMean Monthy }alue of Recorded Cases of Infecrive l{eralllis
and some other Infectious Diseases in Suedz n for the period 1931
From Selander 1939)
Diphthena
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M Infectve bepatitis

ZeZ
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EPIDEMIOLOGICAL STUDIES it

In Bnush troops in the Mediterranean area in 1917-18 (Witleox, 1919)
and agan sn 1942, 1943 and 1944 eprdemcs began i eatly antumn and
reached a peak in November, December or January In troops m Western
Austraha epidermes began 1 the autwmn (May) of 1943 (Oxer, personal
communication)  Watlard (1944) recorded a high incidence of cases m the
autumn and winter months m the US Navy in the South Pacfic  Thus
the imcrdence of snfectise hepatstis 1s sunimal 19 summer niscs v autuam and
38 maxial an winter

Seasonal varianons i incdence of other notifiable diveases wr Region 4
The weekly notifications of nfectious diseases 1 Regien 4 shown m the
weekly bulletn prepared by the Prncipal Regional Medical Officer were
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12 INFECTIVE HEPATITIS

used to amve at the four weekly totals 1 1944 and 1945 (Table 3)
In Fig 7 the numbers of notifications of some 1nfections diseases 1 Region 4
are plotted on a semuoganthmuc scale so that the extent of thewr seasonal
variation 1s apparent  Measles and pneumonia showed the greatest varation
In diphthena and scarlet fever the varation was less, and the curves for these
discases are very similar to that for inféctive hepatins In 1944 infective
hepatitis and these four discases had summer minima at the same time,
and their mses in autumn began in the same four week period ending
7th October  In 1945 the autumnal nise of infective hepatitis, scarlet fever and
pneumonia began 1n the period ending 6th October, that of measles i the
following period ending 3rd November, and that of diphtheria n the penod
ending 14th July The later nse of measles followed a greater prevalence
of the disease 1 the earlier part of the year, and the earlier rise 1z diphthena
preceded a winter rise greater than i the precedmg year Despste these
discrepancies 1t appears that the summer mmmum and autemn nse of
nfective hepatitis 1 1944 and 1945 synchronized with the mimima and autumn
nses of four diseases 1n which nfection 15 spread from the respiratory tract
Pertussts showed no seasonal trend 1n these years
e of dysentery d d owng to exp

outbreaks due to Shig Sonner which masked any seasonal trend  The notifica
tons of enteric fevers showed a nse m the periods ending 15th July 1944 and
11th August 1945, thus preceding the nse i infective hepatitis 1n both years

The expenence recorded here 15 too shott to justify any general conclusions
but other observations have shown simidar relationships  Willeox (1919)
noted 1 the Mediterranean area that the curve of ntesunal iofections
preceded that of infective hepatitss, and upper respiratory mfections have been
prevalent at the time of several epidemics of infective hepatiis Thus 1t may
be said that an increased number of cases of infective hepatiis xcllot infrequently

d f an

of )
follows the e L it vacm entan tract

collected by the Princtpal

PRUSTTPRNE ' did pot include data for
“In e 1 1neidence

In the rest of the Region i both these years the seasona

Eis S:l):c various notifiable infections was sumlar to that in 1944 and 1945
The Registrar General s weekly notifications for Essex showed that i 1946
the notifications of measles rose from the begmning of the year to a peak
w the first week of July T}:lfs m Essex measles was priv?lint duning the

n Aamna Af

15 transmitted from the respuaivty tace
AGE AND SEX INCIDENCE
nfective hepatitis notified m
d sex distributions of cases of 1

;l;hc :%9:; were stmilar 1n the two years (Table 4) The excess of females

ot han cars was duc almost entrely to the difference 1n the 20 to 40 year

D ach can be attributed to the absence of adult males onr active

oo grcupl. wlSl'Aﬁ and 1947 when demobilization was proceeding the cases

e ln divided between the sexes and apart from the ncrease of the

e :t;g:: };n males aged 20 to 40 years the age and sex distnbution was
opa

sumilar to that 1 1944 and 1945
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TABLE 4
Percentage of Cases i Age and Sex Groups

Age group (ears)
Yeor Sex 04 58 1014 1519 2039405360+ } NS*| Tofof |Mwnber
et | M | £7 107 121 75 7F 36 12]09 | 454 | 1A
¥ 37 NS 4 78 153 4t teiir | osie | 19
945 M 22 98 13 631 99 29 17111 | 430 708
¥ 23 151 94 13 164 36 20 {17 § 550 86t
1946 | M 19 R 87 €S $78 42 15[y | 507 } 100
¥ 22 86 7T 72 182 31 11 §4s | 293 976
%47 M 24 90 49 42 21 S0 32 1ov 517 534
y I3 71 81 6% 164 33 27 jak | 433 00
* Age not stated

Population figures, by age and scx were ot avatlable for the calculation
of attack rates but st can be concluded that the madence was heghest 1
chilifren of school age The pereentage of tases w ihe ape group S 1o 14 years
was 657, 424 334 and 292 m successne years  all of these fipures are
considerably hugher ¢han expected w3 group fommg abaut 15 per cent of
the population  The meidence tn children under § years of age was low and
there was a falf 10 the modence with increase of age above 15 years

The fow ncidence i children under § years of age 1s due at Icast an past
to the more frequent occurrence of non ictene of symptomiess infecttons i
them (p 72)  Ia chuldren of school age the wadence 15 equally high i
the 5 to 9 and 10 to 14 ace proups  In three places nhere epidemics 1 day
schools were mmestigated {Toble SY n was possble with the belp of
Medical Officers of Health and sthoolieachers {o cofiect data for the
caloutation of age and ¢ex atack rates  la all three places the stack rate
i the 10 (o 14 age group was igher than @ the § 10 9 ape geoup  This age

TABLE §
Epidennic Atrack Rotes mn Childeen Attending Day schools

Age i yeam ‘ P ot 512
Sex | aaie zftmalel Tetal| Mate | Female Total| Male | Fearale| Toral

Pumbers of Cases
Southend 7o asef o ! e8| e | oags | a3
B abap & Dandyrd 1% ki3 4% " 2% % 17

an}u) 3 1% an & ! 23 20 . ”
wogay 1

oy ) st 1| s

Svumbers

Southerd 2084 (1964 L4048 2 6 1960 447t

BohoparSontors | 37 ! 4 SHE 5 1 x“f 2 !9‘4 §
Burgay e | 28| M H

|
Mmk Rates {per rem.)
Southend 38 | a2 E e T4y | as € L ez ! ¢
BuhopsStertford | 53 02 23 1822 t129 (125} 82 sy 98
Bungay [Fa4 i B1ofue ey e (e iiyp {258 oo
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merdence differs from that of most of the common nfectious diseases, where
the attack rate 15 highest 1 the first § years of life and higher between
5 and 9 than between 10 and 14 years of age, but mumps (Collins, 1924)
and rubella (Smuth, 1935) have a distribution with mere cases in older
children and not unhke that i fective hepatiis In recent Yyears diphthena
(Russell, 1943) and poliomyeliis (Burnet, 1940) have mn some countries
attacked a higher proportion of older children and young adults than
formerly The change 1n diphthena 15 probably related to the smaller size
of families and to a decrease in overcrowding (Russell, 1943) The age
mcidence of mfective hepatius may alsa have changed but there are mo
records which suggest that it has been as common i young children as
most endemrc infections  There are however many records which show
that young adults are frequently attacked

In Region 4 1n 1944, 48 8 per cent. of cases of infective hepatitis occurred
1 persons aged 15 years or more, and 503 599 and 654 per cent 1n the
followmng three years These proportions are considerably higher than those
found 1n other mfecticus diseases For example, m England and Wales
i 1944 the Regsstrar General’s d give the
percentages of all cases found in persons aged 15 or more years diphtherra,
288, poltomyelitis, 144, scarlet fever, 112, measles, 38, and whooping
cough, 21

In.
oy °

l;‘:’eaks :hc mam incidence was among children  In Region 4 1n 1943-45 the
reverse was true, for 1t was only 1o a few relatively small outbreaks that a
high proportion of the cases were m adults For example, there were 18
adults 1n 38 cases 1n Fen Ditton 1 1943, 9 adults m 10 cases m Debenham
1 May and June 1944, and all 8 cases 1n Swavesey 1n 1944 were 1 adults
Epidemics 1n nursenes (p 33) provided other nstances of a high incidence
mn adults  The outstanding examples of outbreaks among adults are the
epidemics 11 armies at war, from the ttme of the Amencan Civil War untl
the preseat day The explanation of the miliary outbreaks may ke m the
Iack of immuntty m adults born and bred 1n country districts, who are then
brought 1nto contact with others brought up 1n towns and both are exposed
to the privations and bardships of campaigns It remams true, however,

that mfective hepatittt
oceur at any age H e
age mcidence with a §

Olggh: rg;sgxﬁlns of cases of infective hepatitis sumular to those found 10

orted by many authors including Willams (1923)

B 4Yhal‘(le Sbj:d:p(ww) m Sweden and von Bormann ef ol (1943)

e e 'Infecuve hepatitis therefore has rather consistently shown 1ts

;: hGeesl;ml::!réxydencc 1n children of school age and a relatively high incidence
2|

m young adults
URBAN AND RURAL INCIDENCE -
1,000 of the mid-1944 populanon were for the
In 1944 the atltgckfgtcirg:; areas 12, and for rural districts 17 The
vie tR\elE;woalrll to "rural rates was thus 07 to 1.1 the Region (Table 6)
auo o
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Dunng epidemics the attack rate 1 schoolchildren was lower m the urban
areas of Southend and Bishop’s Stortford than n rural areas 1n East Suffolk
(Table 7) The lower attack rates in towns were probably the result
of an mmmunity resultng from previous exposures and Ton sctenc or sub
clical attacks It 15 also possible that pnmutive santtation 1 ural areas
and particularly 1 the schools played a part in producing the high mcrdence
there
TABLE 6
Attack Rates per 1,000 per Annum by Counties and by Aggregate of Urban and
Rural Districts

County 141 1945 1946 1047
Combroges i o8 o 83
Cambridgeshire
ooy e 11 07 13 07
Hentfordshire 10 04 03 02
Huntingdons! 10 o7 13 02
sle of Ely 02 01 o1 o1

jorfolk 19 09 07 04

Suffolk 20 08 as 02

Suffoli is 04 03 03
Reglon 4 13 o6 07 04
ANl Urban Dustricts 12 06 08 05
Al Rural Districts 17 06 os 03

In 1945 the attack rates mn urban areas and rural districts were equal at
06 per 1000 The fall from the 1944 rates was less (50 per cent) in urban
areas than i rural districts (65 per cent) In 1946 and 1947 the attack
rates i urban districts were hugher than those in rural distncts These
findings suggested that infective hepatiis dunng the decline m mncidence
was conforming to the general eprdemiological Jaw {Greenwood, 1939) of
retreating into the towns after a penod of creased prevalence when rural
districts were more severely attacked

TABLE 7
Atrack Rates per 100 Schoolchildren during Epidemucs

Place Ao of No of | Auackrote |  Attack rate (per cent)
Max M

schools cases (per cent }
Southend 5 382 44 77
B shop s Stortford 5 100 97 161 gg
Leston district 129 140 3rs 38
Stowmarket 2 108 51 24 74
3 58 155 332 62
Bungay 4 1% 8s ny wo

an large towns ep;xdemncs were cccasionally seen (p 26) but more usually
ere mew amren€ o.o€ oL D

= the year
(Tablr' - , . . . wed that
apart . - - - 1943 the

cases occurred sporadically, having no known contact with 2 previous case
#ad no likelihood of infection by a common article of diet.  Only occasionally

0l

v
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was there a secondary case 1 a2 family, at (he usual 20- to 40-day ntenal
Investigations made by Medical Officers of Health m Watford (Pearso,
personal commumcation) and 1n Hornchurch (Ball, 1944) showed that n thess
Lowns the discase behaved like an endemssc disease and cases were distubuted
fairly evenly throughout the year In 1944 cight other urban areas with large
populations (Luton, Thurroch, Bedford, Chelmsford, Romford, Billencay
Brentwood, Ipswich), showed a simular sttecession of cases throughout the
year (Table 8)  In 1945 the number of cases decreased in all eleven areas but
the endemic series of cases continued 1 Luton, Cambridge, Thurrock and
Hommchurch and to a lesser extent in the other seven areas In Hornchurch

TABLE 8
Cases of Infecttve Hepatitis in some Urban Areas (by Four-week Penods)

Four 1 » E b -
week € § g a : .
A R RN R
ending s §EE § $ s T § 58§ Yt
I8 FF &§C &35 55 &5 %
[ 2 P =R &80 % 8 & 2 & 5 2

) 194
Jan 29 7 3 8 10 3 5§ 5 - 5 7 8§ — 2
Feb 26 [ 9 § 2 95 5 | 5§ 5 310 § 71
Mar 23 17 3 8 10 3 1 9 3 1 g 5 1015
pr 22 5 02 5 4 2 — 3 1 2 8 7 8_1;
May 20 0 s H o2 5 § ¢ 5 1 5 6 31°n»
June 17 44 ) 35 4 3 5 2 2 2 4 - W
Juy 13 702 4 3 -~} 2 2 3 5 )y 2 3
Avg 12 704 4 1 1 1 4 3 = 3 3 40w
Sept 9 303 4 - 3~ — 3 3 1 4 6 3
oct 4 6 4 &+ 5 3 3 3 ) 1 7 985
Nov 4 ¢ I 2 10 9 1 i -~ 4 41 6 W
Dec 2 318 3 4 6 1 2 7 3 2 5 6 13
Dec 30 s 012 4 — Z - 3 2 1 610

:

Toral [ 22 7 60 ot @ a0 @ w st e 62 17

1945
Jan 27 6 7 3 3 t 3 2 6 2 2 3 1 &
Feb 24 nm 6 5 4 1 — 1 — 6 1 3 5 7
Mar 24 9 7 3 2 2 t i 2 6 2 1 — 1
Apr 21 8 1 I - — = 2 - 5§ ~ « 1 1
May 29 7 04 9 3 —~ 1 1 = 3 1 1 1t 1
Tume 16 4 211 2 - — 4 1 = 1 2 —
July 14 s 3 3 % - 2 3 - = Z 1 a2
Aug ! 4 ! 3 - - 5 1 — 2 1 1
Sept 8 3 4 4 5 ~ 1 ) —~ 1 2 ~ — 3
Oct 5 04 03 3 35 1 2 = 1§ 2 1 1
Nov 3 301 1 6 2 1 1 1 1 3 1 1 3
Dec 4 1 1 4 5 1 — 3 1 2 - 1 5
Dec 25 - 1 3 1 2 31 1 -1~ 2 1
Tota! 67 45 43 42 M 12 16 22 & 21 15 15 40

Aftack Rates per 1,000 (1944 population)

4 0 09 10 10 10 07 09 08 11 09 08 15 19
gi’ 1‘)7 06 05 07 03 04 03 06 10 03 02 04 04
' populaii
‘;f"%’b o 101 78 8 60 53 33 57 37 26 61 37 41 102
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2 considerable proportton of the 1945 cases were non-ictenc cases notfied
by one practtioner In 1944 St Albans had small outbreaks in schools,
and Norwich had a high incidence w the early part of the year, but in
1945 both places showed a reduced numbet of cases evenly distributed
throughout the year The cases 1 Norwich were scattered over the city
1 both years, although dunng 1944 a few areas showed groups of cases
aver several months on spot maps kept by the Medical Officer of Health
In 1946 an endemic senes of cases was notfied from eleven towns and m
1947 from twele Outside the Region, 1n Wembley, a simmlar endemic
prevalence (Table 13, p 26) followed an epidemuc, and i Southend it
occurred after the epidemuc of 1944 and at the bemaming of 1945 In
Cambndge, however, several medical practitioners and headmasters sard
that there had been no previous epidemuc, so that the endemic type of
prevalence cannot be regarded as wvanably the aftermath of an epidemic

Dunng the years 1944 to 1947 most of the 72 smaller boroughs and
urban dsstricts 1n the Regton reported none or very few cases  In 1944 the
exceptions were Bishop’s Stortford, Bungay, Beccles and Haverlull, where
there were epademcs early 1n the year, and St Ises and Cromer, where there
were cases 1 an endemic senes In 1945 Brnghthingsea and Witham bad
epidemics m the autumn (Table 14, p 28)

In rural distnicts more than half of the villages from which cases were
reported had only a single case  Between 19 and 33 per cent. of all cases
teported from villages were tn villages with only one case in the year (Table 9)
Eptdemycs 1n villages did not persist as in towns {p 27). but m willages
as 1 towns, sporadic cases were COmmon

TABLE 9
Dustribution of Cases it Villages

Number of cases w wilage

Year Total
1 2 3 ‘ 5 59 104
Fillages
Percentage] 1944 | 519 179 99 63 37 69 34 | €09

of villages
1945 590 165 108 S1 31 34 25 | 293

1946 | 619 m T4 42 17 54 23 286

1947 635 186 38 64 19 52 06 156

Cases

Perceniage| 1944 | 189 129 109 84 70 e 239 | 16w
of cases

19451 279 152 155 98 12 10 134 621

1946 | 294 162 104 79 42 187 132 €03

19474 315 196 61 137 51 186 34 26

GEOGRAPHICAL DISTRIBUTION
In 1944 attack rates above the rate for the Region were registered 1 three
<ounties 1n the nonh-castern patt—East Suffolk, Norfolk and West Suffolk
{Table 6, p 15, and Fig 8) Some smaller areas n the northern part of
Essex and the western part of the Region also had higher mates  The eleven
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towns with an ende;
palns ‘;& e Regm::"gF i'rt;:;lencc were situated m the southern and western
n 1945 Norfolk was the count
had a rate above that for lh: ]‘gg};o\:lg:xe‘htz :lg;;sstns{:xll;“é?kn?iti Sulfolk
and around Lowestoft (Table 6 and Fig 8 The Rural D;.’s":::;c :);l
Thingoe and Cosford n West Suffolk had rates above 1 per 1,000 which were
due, a5 high rates in Thedwastre and Cosford m 1944 had been due, to
::“;?d;m w:e(so ﬂ:hmany \allages Epidemics accounted for the other hygh
the 'xevalp r those n Hunstanton, Southend and Benfleet 1n 1945, where
o ence ‘Wwas more of the endemic type and attack rates were fo0
fow ta be as epid The p e of a hugh rate 1n Norfolk
and of a higher rate 1 ats rural districts than 19 sts urban areas was com-
patible with the 1dea that the centrifugal spread from London which appeared
10 have occurred 1n 1944 reached a further stage 1 1945
In 1946 when the jncidence 1 the whole Region rose shightly, there was
3 defite r1se i the rate 1 Essex from {1 and 07 per 1,000 1 the wo
previous years to 13 per 1,000 The rates i the rest of the Region 1n the
three years were 14, 06 and 05 per 1,000 The high rate i Essex
1946 was due 1o high rates m Southend and other urban districts on the
south coast (Southend, 36 per 1,000, Benfleet, 28, Thurrack, 24.
Canvey Island, 14, Billencay, 14, Brentwood, 13. Homchurch, 09)
Apart fre 7 7 <onee Al ona el digtrict Teadnng, had a high rate
{18 per - ases m mané' villages throughout
the year » 110 that m Essex due to 39 cases
m St Neots and 41 cases spread over the other distrcts In Norfolk,
where the rate was equal to that for the Region (07 per [,000), two small
towns, Thetford and Sheringham, had 28 and 46 cases dunng the year
Small outbreaks occurred 1 three willages wn other parts of the county
In East Sufiolk two villages, Wyverstone and Grundisburgh, had outbreaks
Over the sest of the Reglon cases oceurred sporadically and 11 towns
showed an endemuc series of cases The mam feature of the distribution
of epiderscs 1 1946 (Fig 10) was the group of towns i south Essex
where epidemics followed an endemic prevalence m previous years  Ept
demics were also reported from the north coast and the north western corner
of the Region whch had not conmb;ne;\i any prev\ousdyears The;c
d to rep a of the fugal spreas Y
c(‘)Expznson of the 1944 and 1945 distubutions
n 1947 Essex agamn had the ighest rate (07 per 1,000) and Norfolk had
& gite agas! to hat for the Region (84 yer 10000 The distobobson of
cases m these and other counties was matnly as an endemic senes i some
towns aad as widely scattered cases 1n villages In Essex three smait towns
reported outbreaks vaenhnc#)ad 2? cas;s]ng\; éhc ﬂrﬁt ‘three mlgn(;hzlfomws-
m ber and of , a cases,
l,:,insy C:fsc:bcm non-teteric, between April and November, and West Mersea
had 16 cases 1 November and December. The map of epidenucs s 1947
{Fig 10) shows the situation of these small towns 1n the eastern part of Essex
and indicates bow restricted was the arca from which epidemics were seported,
though there were twelve fowns 1 vanous parts of the Region where cases
occurred m endemuc senes  There were also many sporadic cases i villages
ndings are compatible with a further stage m the declwe

The &
‘(:\; a::?nfccﬂon which had spread centrifugally from London over the Regon
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GEQGRAPHICAL SPREAD OF EPIDEMICS
In 1943 with the assistance of the late Dr B Wood-White, then Medical
Officer of Health for East Suffolk, studies were made of the notifications
of “jaundice™ from schools i the county In Blyth Rural District and
Leiston cum Sizewell Urban Distnct there had been an irregular spread from
one village school to another (Table 10 (1) and Fig 11) The first schools
affected were those of 1solated willages in the north then cases occurred m
- YKottt ™t~ the mfection spread north
Visits were paid to the
- n  Information given by
doctors, particularly by Dr D G Garnett of Leiston showed that the

TABLE 10
Epidenucs i Schools (Cases per month)
(1) Lesston Urban District and Blyth Rural District

[ Attack
Place 1942 1943 Torad (r::e
cases | (per
(see Fig 11)  |JuneJuly Aug Sept Oct Nov Dec | Jan Feb Mar Apr MoyJune| cent)
1 Middleton 2317 5 2 — 1 20 | 300
2. Peascnhall* 21 3 zg S?g
3 Westleton 2 6 69 1
4 Yoxford 2 it ot 6 | 358
5 Leiston Semor T 13 5012 24 1;7
6 Leiston Jusior 1|4 1 3 2 4 ’l :Js K g
7 hall 12 z ;4 3 )
g gﬁsbeh:::n 310 1| 14 |22
* 3 cases 1n March 1942
[ Stowmarket Urban District and Gippung Rural District
[ Attack
Total | rate
Place e | cases (per.
(see Fig 19 - ' = ,:;,,4)
1 Stowmarket Ar- . . %5 34
Stowmarket Juwor { 2 lt i 3| 04
2 Combs Ford i 31198
3 Sortord 13 L3 bis | s
5 Lutle Finborough i 21 4| —
§ Croeung St Mary 1 184 19—
7 Haughley -
8 Stowupland
been
to infective hepatitis and that willages had
epdemics Bad been G0 by the notifications from schools  Omly occa

hown

affected 1 the order & ous years
T2 nces had boen seel I PIVIOCR VL course of an eprderic
' 1d of the centrifugal spread to
. b " 0 () and Fig 12) The cases
) erestmg  The first two were
Stowmarket and a gitl who

;x boy whe attenaeu v -
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Numbers refer to Table 10 (1)
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1 INFECTIVE HEPATITIS
TABLE 11
Dates of Onset of Cases in Battisford

Case  Onser d
se Onse Aﬁll an PSzx School Remarks
1 April20 12— Stowmarket Area
% }\Aay i7 — 1§ None Worked in Stowmariet
une 11 5 =~ Batusford Brother at Stowmarket Arca School
; ;une g - 1 se §
une - 6
g ‘.;u;y 3 = : S ster of case 2
uly 19 —_ ?
; B -3 Sister of cases 2 and §
9 ept 9 - 1
10 Sept 9 — 10
n t 1 7 —
Litile Finborough
1 Apg 8 12 —
2 Sept 17 - 9

worked 1 a café there A month later there were cases among their brothers
and sisters who attended the Batusford school and a month after that
children who hved 1n Little Finborough but went to school in Batusford
were affected This sequence of cases indicated a spread by contact and an
incubation penod of about a month  Spread further south occurred m the
autumn when a boy m Creeting St Mary fell 1l a month after a visit to
Stowmarket In autumn the disease also appeared 1n schools mn villages to
the north of Stowmarket There were no known cases n Stowmarket at
the tume but there may have been chromic carmers of the virus or muld
or subchnical cases which could have been the source of infecuon  Sumlar
sources mght have been present 1n the northern villages themselves where
1t was said that there had been cases i adults earker m the year

TABLE 12
Epidemics m Villages and Towns (Cases per month)
Bingay Urban District, and Waiford and Loddon Rural Districts

1943 1944
et 1) May Jun Jul Aug Sep Oct Nov Dec | Jan Feb Mar Apr
T Buogsy 3 31 219 %02 1 s s a1
2 Broome 1t 2 g ; ;
3 D idmeham w16 41 21
9 Hedenhgm “ X
s
2 4
Flixton
b Eimbalist Cros 2 :
3 $t Maegaret 1
it g
® Mheonalisamaen | 1 12 221 3
i § Mt | 1 H 1
i
i St M chacls 1 1t
13 Mettiogham 64 31 a2 s
16
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Asother example ot centnfugat spread was provided m 1943 by reports
of cases m Bungay aud seaghbourng villages made by Dr A Meraer and
Dr P G Lewch and by schoolteachers {Teble 12 and Fig. 13). From
Bungay infection spread posthtast 1o Broome and Elnpham, north
west to Dhichingham and Hedenham and west o Fanham and Flivion
“To the south cases occurred gunng the summer 1 several isolated willages
but the main crop of cawes was i October following tses 1 the Bungay
schools 1n Seplember  Ynfection appeared to Bave spread through the
Area schos!  The town of Beceles 10 the east down the mer Wasency had
a succession of cases throughous the yeae whuch could not be luked up wath
the Bungay cases but two chidsen 1n Metungham & vallage betneen Bungay
2ad Beecles who fell 1 1 October were probably mfected while gttendimg
the Area school in Bungay

2o EDEN M
- z
AA L VG I P

Lo rremimGamr
2 encome

7 /6.
Bovgaryy TETRLEITY  sxecces
s
EARIHE M,

L rnron )

TP ONOREW
/2
T MRRGARETS

O yrcacss \:DA
ST MRRGCAREY
o L RWREICE ‘1’\

3
ST AETER
<z
8 wrrames e - 2
[OR S
774 LS

Fxa 13 Centrfisal Speead from Biogany
Numbers refee 1o Table 12.

In these three dustricts there was a ceatntugal spread from the mam wwn,
preceded 1n Bhyth Rural Dhstnet by a spresd from the nosth 10 Leston
the cenure for a hter There were s the spread
due sometunes 1o the escape from mfection of plsces along the roads betaeen
affected towns of wlages snd somenmes o the way w which the infection
smoutdered w some places dunng the summer and fared up n the avtumn




26 INFECTIVE HEPATITIS

The widespread distnbutiont of infective hepatitis and 1ts declnmng meidence 1n
1944 and later years gave no further opportunities for studying the spread of
epidemics, but a simular spread from an eprdemic centre probably accounted
for epidemics m a number of villages round Lowestoft dunng these years
(Table 15, p 29) and 1n a few mstances an isolated case m a village
appeared to have been infected whilst vistting a nearby town where the
disease was endemtc
EPIDEMICS IN TOWNS

The epidemic 1n Wembley 1n 1942 43 has been described by Ford (1943
and 1944) Wembley 1s outside Regron 4, but by the kindness of Dr A G
Momson, the Medseal Officer of Health, four weekly returns of the numbers
of cases voluntanly reported by doctors up to September 1945 were sent to
Cambndge (Table 13) In May 1943 inqunes made i Southend by
Dr A Stevenson Logan, the Medical Officer of Health, revealed that an
eprdemic was m progress Reports from schools and doctors were obtained
from January till N ber when pulsory fi was d
(Table 13) In both these Jarge urban commumties the figures for the
early months were obtained P and are k but they
suffice to show that there were numerous cases 1n the towns for some months
before the peak of the eprdemic was reached The rise of the eprdemics
d to be relatively slow that spread had been by contact

TABLE 13
Epidermics in Tonns (Cases in four week periods)

Four- ; Bishop 5
wesl Wembley Southend on Sea | Lowestoft | Stortford Bungay
H 0
i
;eb 27 51 2 3 i 34 5 o 1 wo- s
Mar 27] 3t 9 4 72 19 14 212 12 - 11
Apr 24| 49 3 - 7; lf lg : l; lg 2 ' T -
g - i - -
.]un:Z %é 12 6 4 68 - 24 6 17 5 - : 1 -
July 17} 1 7 3 - ;? g fg 1147 lg : ; ,l -
15 2 -
gc“pgt. {? g 11 12 a1 2 7 19 9 3 3 1§
ct 4 21 - 3 28 2 10 20 11 5 - b -
Nov 7| 23 16 2 1 2 8 11 } E # -
Dec 28 6 1 12 3 9 28 10 H -z
lan, 2| 4 5 1 4 4 9 21 4 P -
Tordl | (G9) 310 49 (20) | 463 11z 152 | 153 129 78 9 8¢ 13 38
3000
Populanon 115000 89000 28 000 11000

£ hoolchitdren only
: !l?t‘:e3 d?s%::eus: gﬁuﬂ'ﬁ?ﬁ&ﬁn‘:’fé? 1943 and approximate for the otheryears
sult of hss field
son was reached by Ford (1943) as the re
b “;nd‘ll: both towns cases continued to occur after the epidemic
e n the followmng autumn  Wembley showed an endemic

d there was a nise 1 e
'an_ f wesvalence 1 1944 and 1945, which was pmb.’ably a‘m.le :f‘ﬂ:c“ on



EPIDEMIOLOGICAL STUDIES 27

an endemic senes of cases in the latter part of 1944 and (he early part of
1945 was followed by a mise 1 the summer ot 1935 Some of the cases
at that ume were infected by soldiers who developed the disease while at
home on leave from Holland or Germany Duning the fisst eferen months of
1946 the numbers of cases with onset 1 successive four-weeh penods were
16, 21, 55, 76, 74, 64, 43, 24, 28 23, 22, 15 A sumber of these cases were
1 persons who had been resident 1n Southend for less than a fortnight before
the onset of illness, including some returned prisoners of war and
ex servicemen  There were 31 such cases scattered evenly osver the first seven
four-week periods  Infection had occurred 1n these cases before armval and
they represented a considerable wnportation of wfection  Nevertheless bemg
just under 10 per cent. of the cases i seven months they did not explam
the whole nise 1n incrdence  There was a nise at the same tune in other
urban districts along the north bank of the Thames between Southend and
London

In Lowestoft the madence was high throughout 1944 and 1945 wath 2 nise
1n the autumn of both years In Bishop's Stortford and Bungay there were
only a few cases 1n the years following an epidenuc

The epdemics 1n large and small towns lasted for several months and
had a slow mse and fall After an epidemic the discase became endemic
1 Jarge towns and practically disappeared {rom small towns

CPIDEMICS IN VILLAGES

Epidemics i wvillages were usually of a long strapghng type lasting for
many months (Table 14) ard showing groups of cases at 20- to 40-day
mtenals (Table 15)  There were some more explosne outbreaks, eg at
Debenham, Guilden Morden, Swavesey and Brightiingsea (Table 14) and
Darsham (Table 10 p 22)

The outbreak at Debenham i 1944 was pecubar m that mine of the cases
were 0 adults It was not possible to find mtervenmg cases hinhing them
with cases which had occurred six months earher mainly i schoolchildren
Milk, water and food were obtamed from different sources, and there was
no meetng place common to all the cases At Swavesey, similarly, no
common source of nfection for the first cases could be found, although
secondary cases occurred 1o some families  The most probable explanation

PR . - -

- «
numerous

A stmilar explanation appeared necessary to account for the adult cases
which occurred in Fen Ditton at the end of June 1943 (Table 15)
Investigations were made with the help of Dr H Hartley who supplied data
abouy earker cases  Most of the adults had had po contact with previous
cases, but a “ Wings for Victory " week at the end of May had been the
occasion for several social gathenngs and contact with carmers rmight have
occurred at that time

In 1943 in Nosth Lopham and 1n Debenham spread among schoolchildren
and 1 famihies accounted for most of the cases  The outbreak at Friston 1n
1944 1 a good example of a willage eprdemic and 1t will therefore be
descnibed i some detail (Table 16, p 30}

In the week ending 11th March 1944 the headmaster of Frston school
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TABLE 14
Epidennics i Smaller Towns and Villages (Cases per month)

e’ 194 Tota
ourty Place | yan Feb Mar Apr May Jure July Aug Sept Oct Nov Dec| case
Norfolk | Aylsham 25 5 5 s 413 3 111
Nlopham | 4 1 3 - - |5 2 g F
W Walton | - 14 - 1 - - 222 T
Bessingham® - - - - - 3 2 2 - - 7
E Suffolk | Carlton 1 - 1 s 1 - - - - 1] s
Coéulle
-1 - 1 - - - - 221 |7
Kessmgland - - - 2 1 - - 373 Zlun
Mutford -~ - - - 1 33 3 511 -|»
Debenhamt | 1 - % 1 - - I - - Zlmn
Fnston 215 6 2 1 - - - - - - | 26
Walpole - - 1 12 3 - 11 |9
Somersham | ~ - - - - - - 323 2{1
Bricet - - - - - - 2 212 X7
W. Suffolk | Bildeston 1 - 2 2 1 51 t - -1 1|5
Chelsworth { - - =~ 2 4 2 1 1 - - - &
Hessett - - 1 - - - 4 6 - -1
Cambs Melbourne | 2 8 2 3 2 5 2 - 2 1 5 1|33
Meldreth 2 1 -7 4 235 - -z
Guiden - - - - - 2 9% - -l WU
Morden
Swavesey - - - - - - - 53 -| 2
Beds Potton s 5 3 1 3 - - - - - B
Lt Barford I S S S R
Keysoe e 1 5
Essex Lt Clacton 21 4 3 2 3 - 1 - - -] 1
Rowhedge -2 8 3 -1 Lo s
Tiptree - -z Ll
« Near Lowestoft (Table 13)
fgeﬁnh?x‘:.sxma Oct 10 cases, Nov 5 cases Dec 6 cases
1945 Total
County Place Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
Nofolk | Reedham® | 8 1 1 1 - - - - = - = -/ &
Necton?® 72 - - - 5 - 122 J| e
Martham 3 3 2 1 oI - I I
Starston I S e B
Goodestone | - - S L - 5 5 7 T T T T4,
Saham Toney| ~ Yoo 3 2 322 i
Redenhall - - - %3 431> 2|s
Hoveton - A T ) 1 F]
Haleston - - oI I - 239 3|1
Needham | - - - - ° °~
e ———| - -7
Blundeston*®| 2 ! 2 2 - - - [ 1
E suffolk | Blundest FED S T z
s - v - -
rew— - 1 - - -
Tunts | Alconbury _:_i,‘_/l___,——————f‘—
—_— 2 1 - - - - - ~-| 1
Frinton 13 5 4 [ )
Essex Walton 42 - - 3 7 T 354 3|r
Witham 2 - - 2 - 353 -yn
Sutver End - - - - - -z 1 29 1! 23
Boghtbngsea |l 2~ - =~ = ~— ——————

toft (Table 13)
T B e e
944 NOVNZ cnslcs, Dec 1 case
M lundulon. 1944 ov 1 case
‘gul!on 1944 Dec 2 cases
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TABLE 15
Epidemues in Villages  Date of Onset ;:f )Ea:h Case {Adult cases are shown in
Halics|

Day of Total
ay o) — 191k 20th-wend cases
iy Ist—9th 101k ey
Fen Ditton
188 Feb |- - 2% 1
Mar | 8 - 2
Apr |6 16 20 24 4
May {4 6 9 13 23 2829 8
June 128 419 212’2123 5252 1
July |4 46 19 2126 713 ]
ug |~ - 23 1
orth Lophom
1943 Ot |~ - uun 3
ov | 2 -~ 212 4 25 2526 7
3 16 28 30 4
1948 Jan (11 : 2
Feb |8 - - 1
Mar 1nu 2
Apr |- 12 - 1
May |- 12 - 1
June {~ 2 - i
July (44«7 ~ 20 H
Avg 119 - 2
Scpt. (9 9 -~ = 2
t |3 12 n 3
ben!
1943 Ot |7 1218 18 022225292 10
ovili12s 1 - ]
68 - 2124243 §
1984 Jan |5 - t
Feb -
Mar -
Apr -
May |2 20 25 27 27 23 29 30 30 9
June |7 1
Friston
1944 Feb I o 2
Mar {33334789(10121317 212,25 135
Apr 1472 131618 - 6
May {7 - 5 2
June { - 20 1

notified to Dr A G Atlunson tren Acung Medical Officer of Flealth East
Suffolk County Council four cases of jaundice and six suspected cases.
Dunng the next week a sisit was paid 0 the school with Dt W A Burns
Medical Officer of Health Blyth Rural Distnct Council and informaton
was collected there and from pauents and their doctors—Dr D G Gamnett
and Dr A Buringham of Lewston Dr £ A Colins and Dr D W R
Richardson of Saxmundbam and Dr Norah Achesen of Aldebursh There
were no cases of hepatiis i the surrounding distnict at the ume although
there had been epidemics in previous years (Table 10 (0 p 22, and
Fig 11,p 23)

The symptoms and signs i the recent cases were typueal of infective
hepatitis The children affected were i several classes at school, came
from different famibies and hved 1n houses scattered over the village or

3

.
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i one mstance on an outlyng farm There had been cases mn the village
m December 1944 and February 1945, all were 1n schoolchildren except
one m a schoolteacher (Case 2) It appeared that infectton was spread
through the school It was arranged that any schoolchildren who vomted
should be excluded for a week and then allowed to return if well Children
who developed jaundice were to be excluded for a fortrught from the onset
of symptoms or tll recovery if that were longer

Locality and population  The village 1s 2} miles south east of Saxmundham,
the same distance south west of Leiston and 2 mules north of the River
Alde The Aldeburgh-Saxmundham road runs through 1t, and the school
and some houses are on the road Most of the houses are scattered along
narrow lanes off the mamn road The adults for the most part work on
farms, a few work in Leiston at a factory or elsewhere Buses run to
Saxmundham and to Lemston, and adults go there to shop occasionally
Water supplies are denved from many shallow wells Pail privies are
umversal

The course of the eprderic  (Table 16) The first case in a schoolchild
occurred i the middle of December 1943 shortly after she had returned to
school after recovermg from pertussis It seemed possible that there had
been one or more missed cases durmng January because the first two cases
1n the outbreak were a young girl, who was a cousmn of the December case,

TABLE 16
Epidemic at Friston i 1944
Case No Date of Age and Sex Household | School Class
onset M F
12 A 1
3 R 30 B €]
Mar 2 14 c 1
H g 13 D 1
5 3 12 E !
6 3 3 F !
7 4 7 G 3
§ ; A
M 5 2 3 2
i g 3 £
I 3 8 M 3
14 17 6 {q H
I 3 ° 7 0 3
i6 2 I3 i
17 25 14
— 3
18 dor 4 6 3 q M
» 8 16 g -
21 3 1 D -
16 33 D 3
23 18 12
i 7| G 1
" Tme 20 | R 2
% June 20 11

———
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and the teacher of the class attended by the December case No suspicious
illness had occurrcd m schoolchildren or m the members of the three house-
holds might have occurred  There
were fifteen cascs m Mxrch of whom fourteen attended the school and might
have been infected there  The exception (Case 12 of Table 16} was a youth
who Ined and worked 1n a labour camp at Tilbury He came to tus home
1n Friston on 5th and 26th February and stayed for 2 days on each occasion
There were no known cases at the labour camp nor m his famuly—father,
mother and adult sister His illness began at the camp om 13th March
with anorexia, nausea, headache and shienng  He came home on the 18th
and was jaundiced on the 2Ist The vmes from his visits to Fnston il
tus first symptom were 35 to 37 and 14 t0 16 days It scemed probable that
he was infected by a carner at Frston

In Apnil there were six cases, five 1n houscholds where there had been a case
n March  Two cases occurred 1n May, one (Case 24} infected at home and

TABLE 17
Artack Rates i Friston
In the Parish
i
4¢e Ao ‘ Cases Attack rate
] {per cent)
04 32 ‘ | i 31
514 ) 50 0 | 333
155 320 5 ) 15
All ages e T T m i 62
ln those c‘(pwd toa casein the fnm(l)
Age ! no Cares Attack rate
_ | {per cenry
[t | 4 1 —
9 4 0y oy
10-14 ] 3 Z
15+ B H i 7r
Al ages 5 YT T
Tn Schootchildren
e Ao Carer Attack rate
o . (per cont
] L
59 2 9 1
1014 37 1 35
514 ) ] ) 304
Sex 1 Ao Cases Antack rate
- {per cent)
Male a 13
Femate | 3¢ 7 | 81

Both sexes

! 0¢
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;hc other (Case 25) at schoal The latter mfected hrs brother who fell il 1
une

Cases in households  Eighteen households were affected . thirteen had a
simgle case, one (P) had three cases and another (G), four cases The days
between the onset of the cases in the five familtes with more than one case
were —household D (Table 16), 44 days, G, 34, 1, 29 days; I, 9 days,
P, 19, 5 days, R, 26 days These intervals suggested case to case infectron
with an mcubation penod of 20 to 40 days The two cases 1n household T
mught both have been infected at school

Cases n schoolchildren  The attack rates m the three classes, m two
age groups and m the two sexes were not significantly different (Table 17)
The findings of a rate as high 1 the 10 to 14 age group as i the 5 to 9 age
group s usual 1 infective hepantis {p 13)

The method of spread of anfection The secondary attack rate at all
ages 1n persons exposed to 2 case at home was twrce the attack rate
m the village as a whole, and the attack rate in adults exposed at
home was five times that mn all adults n the village (Table 17) These
findings emphasized the importance of confact 1n the spread of mfection,
but 1t was noted in this epidemuc that the persons affected were not
the mothers who looked after the children duning their sllness but a father
or older or younger siblngs Sumlarly children who appeared to have
been 1nfected at school had not all had particularly close contact with the
chuld who fell dl a month earlier It appeared erther that refatvely shght
contact had transnutted infection or that there were carmers with whom the
fater case had had close contact, or ‘x;n%re probably that infection had been

ttted by both shight contact and by carners
tm;;xaté by ymllk. w:\%cr or food was unlkely owing to the distribution
of cases among the customers of two independent mulk retatlers, the use
of rany separate wells and the purchase of food from different sources The
school water came from a satisfactory source and bactertologteal examnation
showed no evidence of faecal contammnation .
eases i the village Pertussis wgs prevalent n the autumn o
19-?3’.th {\LIYS::;KS “ mﬂuenz:g; " Rubella occurred at that ttme :zm;l alssl
during the hepatiis epidemic  Case 20 had a typical mubella ras ae::i
enlarped lymph modes on 8th Apnl, 3 days before jaundice appear
His brother (Case 7) deseloped rubella on 28th April .
won  Cases occurred before the apparently explosive outburst 1
M:;-z;d:;d ’infccuon spread at ﬁrstfm t]l:e sehc:gl m‘ilrx‘lln:éqg;nztg; t?c;g ;v:;g
y se spread 1 famulies, wi
;:i::g:;scgic?se;:ccgu!héak was to be explamed on the basis of mnlt;u;:
spread 1n which carners might hawedplba);edeadivsa;;J :lrllgnnot by the mgestior
ter or food contamunated before
OISTanl(;rweapldemxcs 1 villages m England have been descnibed b)}f; cl-’r;lc]];I:;
(1939) and Newman (1942) and others, and 1n Germany by von ormant
43) Case to case mfection was traced jn many instances,

e d (13 han contact was excluded or constdered

ead of mfection by other means than c Vi
sl jhable Von Bormann and hts co authors found that mos!

most impre ted that the virus must be widespread
epidemics 2rose de novo, and Suggeste a ol g
1a non epidemic. tmes, causing atypreal 1illness or
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infections  because when an epidemuc occurred the incidence was greater
1 the younger age groups

In willages 1n Region 4 even more than 1 the small towns, an epidemic
was usually followed by a perrod with very few cases or none Pckles
(1939) noticed long ntervals between epidemucs 1n Wensleydale, apd Lisnev
{1944) found that villages in Lewcestershire which bad had epidermes between
1936 and 1942 were not affected dunng the severe epidemuc sa the winter of
194243  These observations sugpest that an epidemic has an immumzing
effect

EPIDFMICS IN RESIDFNTIAL AND DAY NURSERIES

In several epidemics m nurseries there was a stragehing senes of cases at
20- to 40 day imtervals for months {Table 18) In most of the pursenes

TABLE 18

Epidemics i Residential and Day Nurseries  Date of Onser of Each Case
(Cases among nurses are shown in italic)

Ao of cases per month
Davof month| 1st—8ih | 10th—toth | th—end il
Nurses | Children | Total
Day Nursery, Welmn
1543 Mar ) 7 2 3 3
v 13 ' t 2
May B 1 1
e (22 W H 1 3
Restental Narery, Godmanchestcr .
une 12 5 2 2
Taly 12 R  E 3 H
Aug | 4 1 1
Resiential Nursery, Godmanchester.
1943 Mar 1318 2 2
A4 [ » i i
2y 2 2
dane | [! 3 i 1
oly 2 2
Aug ‘ 23 2 2 H
Sert | %19 2 2 4
Residential Nurvery, Bengeo
94 Sept | 2 1 1
ot l \ t t
LA ! !
fan ; H 1 2 2
b 1 B H 2
Mar® n 1 i
Avee | 15 ' !
Convalescent Home, Abbots Langley
9 June : » 1 !
oly
Avg 8 0 s 2N s : é
Sent | 3 2% H H
|
1945 Jan 2 28 1
Feb 7 | ; 1
Mar |3 i 1 i
roe homracter, caws 1 children wath onset 19th March

1th and 23,
wo (h'ldrcn wath bilirubiruna without symptoms on 21st and ‘6!)' March ll”vllo(k IN!IY
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there was a mgh ncidence m nurses, who were mamly giels aged 16 to 20,
and a Jow mncidence 1 children aged 2 to 5 years  Case to case mfection
among nurses would have accounted for most of the cases, but subclnical
attacks m children might also have been responsible  Pollock (1945a)
obtamed biochemrcal evidence of such attacks 1 the nursery at Bengeo,
which had had a straggling series of cases m nurses and a few cases m
children  Frankhn (quoted by Cullinan, 1939) noted transent biluma m
children exposed to cases of mfective hepatitis

The dates of onset of cases m the children’s convalescent home at Abbots
Langley provide an example of an extended epidemic among children
aged 3 to 12 years  Several of the nurses who felt 11l m August had had no
contact with the only known case 1 July No illness suggestive of non icteric
hepatitis could be found i the carefully hept records It appeared that
subclinical cases mught have been responsible for the infection of the nurses
Foam tests were performed daily on the urine of chuldren at the end of
September and the begmming of October, and positive results were obtamed
only i children who became jaundiced A more sensitive test for bilura
might have given evidence of subclinical hepatitis at that ttme  Another
possible explanatton of the mfection of the nurses 15 that those who were
1n contact with the July case and developed hepatitis 1n August were infectious
n July scon afer the contact and infected other nurses then (p 36)

‘The observations 1 nursenes suggest that in children under 5 years of
age mfecttve hepatitis 15 often asymptomatic or muld  These observations
also provide evidence to support the rdea that immunity m adults may be
the result of subchnrcal attacks in early hfe

INCUBATION PERIOD

Pickles (1939) agreemng with the suggestion made by Booth and Okell
(1928) of 2 20 to 40-day t period, d the pertod
n epidemtcs m Wensleydale at 25 to 35 days  The most reliable method
of esttmating an mcubation period 15 as Prckles urged, to observe the date
of onset 1 cases where illness follows a short, single exposure to mfection
Such opportumties are not common, but the followmng cases provide two
instances
Case 1 A marned woman aged 29 lved an the willage of Wix m Essex f:/;ﬁv

) . Suffolk

feeling
. became

jaundiced on 13ch Tuly of Case 1 Iived at Woolverstone where there had
5 X e e of e 1 skt st

N iere shere had been no ¢ases of jundice  On 31st July, 25 to 27 days
2 e e vt she had a sore throat and severe frontal headache The sore
f,f;f,:(h;r:nﬁ'e d ull 5th August whea she was feverish and lost her appetite  On 12th

diced

August she became Jaun ase § and sister of Case 2 lived 1 Woalverstone
Case 3 A gl agcd 10 miees of Coss, ) Rugust 34 lo 3 days afir her aunts visit
:l?g I:ts‘: r;mgr appetite and her conjunctivae Were Jaundice:

compatible with Pickles' estimate of an ineubation

Thesefog?l;;"g;’“;a;‘;e Furlt)hcr evidence that the mcubation penod 1s of
period O s provided by the frequency of 20- to 40 day mtervals between
that order 1 contacts durmg epidemics (Table 15, p 29 and Table 18)

sugce:;n:;eca::: K:smbuuon of secondary cases i families (McFarlan, 1945b),
an
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where fifty per cent. of all secondary cases commence between 20 and 40 days
after the first case  No satisfactory evidence of a shorter incubatton penod
has come 1o notice, though some authors have suggested 1t Selander (1939)
suggested a longer incubation pemod of 2 or 3 months, but many of
the patients on whom his estimate was based were diabetics and it 1s possible
that he was dealing with homologous serum hepatiis  There 15 much
evidepce that the incubation perted tn groups of persons who ha:c recened
: . PINR ¢ LT ares A Py -

. . . . ve. .
of the cases in these groups have had wncubation periods of less than 60
days, but the majorty have fallen between 60 and 100 days  Although
an nerease in dose may reduce the mcubation peniod (Bradley, Loutit and
Maunsell, 1944), 1t has not been shown that the period 15 reduced to the
20 to 40 days of infective hepatitis  Thus 1t appears that the incubation
period 15 a differential character between infectine hepatiss, where a1t 1s short
(20 to 40 days), and serum hepattis where it 1s longer (60 days or more)

Expenmental human transmsssion of infective hepatins has given <ome
results which are compatible with the short incubation pertod and others
which suggest a longer period (see pp 124, 122) There 1s only one record of
a long tncubanion period (61 to 71 days) following the ingeston of faecal
matersals, and 1n that instance (Neefe and Stokes, 1945) the ngested well
water may have contamed only very small quantities of strus  Long ncu-
bauon periods have however been frequent following parenteral moculation
of serum from cases of mfectne hepatiis  In view of the expenments of
Havens er ol (1945) showtng short incubation penods followng parenteral as
well as oral admmstration of serum from cases of infecttve hepatus, the
prolonged mcubation penods i other expenments cannot be attnibuted solely
to the parenteral route  Expenments by Oliphant {1944b) suggest another
explanation  He found that serum from a case of mfecttre hepatitis, given
parenterally produced hepatiis i four of eleven persons who had not
previously had hepatitis The incubation penods were from 85 to 106 days The
same scrum failed to produce hepatitts n ten subjects who had presiousfy
had homologous serum hepatiis  This was miterpreted as a demonstration
of cross-tmmunity between infectine hepatitis and homelogous serum hepa-
tiis  However, since other expenments (p 137) have demonstrated an
absence of such immunuty, 1t may be suggested that the serum although
dermned from a case of wfective hepatins i fact contatned the homologous
serum hepatius virus  Some at Jeast of the other sera from cases of infectine
hepautis which produced long incubation periods may also have contamed
the homologous serum hepatits virus

Findlay, Martin and Muchell (1943) suggested that homologous serum
hepatiis s British troops in West Africa behaved epudemiologrcally like
mfective hepautis and had a short incubation peniod  From the published dats
1t 18 clear that wnfectne hepatins was prevalent among these troops and that
almost all of them had been moculated wath yellow fever vaceme prepared
m England  In these circumstances the mere record of previous yellow
fever vacomation 15 msufficent to establish 2 diagnosis of serum hepauns
Many of the findings are most easily explamed by assunung that many of
their cases were due to the virus of infective hepautis spreading 1n s usual
fashion among men who had received yellow fever vaceine  These conaderas
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:lmns apply also to the claim (Findlay and Martin, 1943) 0 have transmuted
omologous serum hepatitis with nasopharyngeal washings The sneubation
penods 1n thewr cases were 28, 30 and 50 days, and the two shorter ones
are suggestive of mfective hepatiis  However, the failure of other workers to
tramsmt iafective hepatitis with nasopharyngeal washings makes 1t difficult
t0 assess the sigmficance of Findlay and Martin's results
These arguments support the concluston reached by MacCallum (see
P 135) that hepatitis transmutted by serum may be either fective hepatitss
or homologous serum hepatitis It has to be remembered that the blood of
a case of infective hepatihs may contam the homologous serum hepatitis
agent and also that persons who have recewved jnoculations of serum may
contract wfective hepatitis  Unul 1t 15 possible to differentiate infective
hcpfmus and homologous serum hepatitis by laboratory tests these two
of ly b periods should be con
sidered as alternatives to a conclusion that shert and long mcubation perieds
are equally common m nfective hepatiis and m serum hepatins  Although
exceptions occur and an explanatton of them would be both miteresting and
mportant, the mncubanon period of infective hepatitis can be accepted as
being about 25 to 35 days and the incubation period of serum hepatitis as
about 60 to 150 days
DURATION OF INFECTIVITY
The mfectivity of cases mn infective hepatitis 1s greatest 1n the early stages
of the illness The time distrbution of secondary cases m famultes suggests
this and suggests also that the period of infectvity 1s short (McFarlan, 1945b)
Secondary cases 1n hospital staff are more common 1 surgtcal wards where
pattents are often admitted i the pre-icteric stage than m medical wards
where they are usually jaundiced on admussion  The instance of infection
following a short, and only possible exposure {p 34) suggested that Case 1
was mfectous between 6 and 8 days before jaundice developed, and
Booth and Okell (1928) made a simular observaton of apparent mfectivity
6 days before jaundice developed  Pickles (1939) records an instance of
infectivity § days after the onset of flness It does not follow, of course,
1hat esery case 1 1nfectious for 6 days before and 5 days after the onset of
symptoms , indeed individuaf cases appear 10 be wnfectious only for a short
Vma P ekles has found that 1t 48 safe to presume an absence ?f m{ectw:fy
- anty

. . v

;a;x;s ‘a relatively short period of infectivity 1 e PIL mihiv sy i s

ccastonal cases may be mfectious earlter or later
° A few observations have suggested that there may sometumes be another
penod of mfectivity early 1 the mcubation pened, that 15 20 to 40 days

before the onset of symptoms
developed infective hepatiis early’n January 1944

o fomcer xr‘l!élze l:f_:nA.“A:';"oi‘ h%‘:;nal had fallen 11! with the same diseass

Rt Nosif : nt had any contact with a case of the disease but he had frequently met

E‘::S;:r dlzx::-m;o\he 20 to 40 days before Lhcly fell 1l She was at that time nursing

ta
e e o S, Army e/::p;dmmeﬂ’ tg bl 1 Yauary 1944 i
ndon

e e o l‘:“lcls stllﬂiera{?als;“hal:! l;!oargchl;n 1n comtact with her brother dur:;’lg

l}‘\a:l lne:vf "z"i"é' : va/’eeks before they fell aff There had been several cases among the

1
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The usual of two 11 1 cases of an 1nf
disease with a long ncubatton perrad 1s that both have been infected from a
common Source but these four istances could equally well be explained
by supposing that the case with a known contact was nfectious a few days
after exposure and mfected the second case at that tme  Some of the groups
of cases wihich occurred duning eprdernics in villages and nursenies {Tables
15, p 29 and 18 p 33) mught have had a sumilar explanation as mught some
of the cases m an mstitation for mental defectives dunng an epdemuc which
will now be described

EPIDEMIC OF INFECTIVE HEPATITIS IN AN
INSTITUTION

Studies of an outbreak of mfective hepatitrs lastung from February to
July 1944 at the Royal Eastern Counties Institution Colchester were made
posstble by the help and co operatron of the Medical Supenntendent Dr
F D Tumer and of the medical nursing and laboratory staffs  Biochemical
and haematological observations have been reported (Pollock 1945b and
p 70 Mies p 84)

The populanon at nsk  The 573 mental defectives m the Institution
were distributed 1n five houses A B G M and N which had respectively
115, 115 17 296 and 30 immates House N contamed children of both
sexes Houses A and G older persons of both sexes whilst B and M con
tamed older females only Three houses A M and N formed separate
communtties and contacts between mmates of different houses were few The
nurses slept 1n rooms off the wards and had no contact with the nurses of
other houses Houses B and G were sumilarly separate as regards patients
but nurses from B did rehief duty in G A few patients an each house (Table
19) had contact with patients from other houses when they attended the
school beld in the dining hall of House B It will be shown that contact
1 the school played a part n the dissemnation of nfection  Medical officers
and sentor members of the nursing staff wisited all the houses but it 1s
unlikely that they spread mfection

TABLE 19
Houses of Cluldren Attending the School
House 4N B} G| M| Toa
Noatrending school 0|18} 6] 3] s 38

No of these with hepatites 3 8 3 2 0 21
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tions apply also to the clam (Findlay and Martin 1943) to have transmutted
homologous serum hepatiis with nasophiryngeal washmgs  The incubation
penods n their cases were 28, 30 and S0 days and the two shorter ones
are suggestive of mfective hepatius  However the failure of other workers to
transmyt infective hepatitis with nasopharyngeal washings makes 1t difficult
to assess the significance of Findlay and Martm’s results

These arguments support the conclusion reached by MacCallum (see
p 135) that hepatitis transmutted by serum may be either mfectve hepatitis
or homologous serum hepatitis It has to be remembered that the blood of
a case of infective hepatitis may contam the homologous serum hepanus
agent and also that persons who hase recewved moculations of serum may
contract infective hepattis Until 1t 1s possible to differcntate infective
hepatiis and homologous serum hepattis by laboratory tests, these two

)} o i) ! periods should be con
sidered as alternatives to a conclusion that short and long meubation penods
are equally common m nfective hepattis and 1n serum hepatins  Although
exceptions occur and an explanation of them would be both interesting and
mportant the mecubation pertod of nfective hepatitis can be accepted as
being about 25 to 35 days and the tncubation perod of serum hepatitis as
about 60 to 150 days

DURATION OF INFECTIVITY

The infectivity of cases m nfective hepatitis 1s greatest m the early stages
- S L e La e ana o fmet

g o

patients are often admutted m the prectenc stage than m medical wards
where they are usually jaundiced on admission  The instance of mfection
following a short and only possible exposure (p 34) suggested that Case 1
was infectious between 6 and 8 days before jaundice developed, and
Booth and Okell (1928) made a sumlar observaton of apparent infectivity
6 days before jaundice developed Pickles (1939) records an instance of
mmfectivity S days after the onset of ilness It does not follow, of course
that every case 1s infectious for 6 days before and 5 days after the onset of
symptoms , wndeed individual cases appear to be infectious only for a short
Pickles has found that 1t 1s safe to presume an absence of mfectivity
a fortmght after the onset of symptoms provided that the patient has climscally
recovered Newman (1944) presented evidence of apparent iafectrvity duning
a relapse 2 months after a first attach It appears that there 15 ‘x,n mgsl
cases a relatively short perod of mfect‘wny ml t!l:; preictenc stage but that
cases may be nfectious eatlier or 1a
Ocﬁs;::alobservaumgs have suegested that there may semetimes bcd?)no‘;aher
penod of mfectivity early i the 1cubation period that 1s 20 to ys

before the onset of symptoms

-

time

1 wad nfactve hemititis tarly m January 1934
vame disease

- . - . . equently met
. time nursiog

. PRI Iy 1944 with
. . . + e She had
b other durmng

- s among the
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. P A
- . . troopship
+ She had
. . dunng his
. hig sister
and parents at thewr house  There Bad been cascs i the officer s Uit previously
&) Bed h (1944) recorded that a police sergeant In Palestine developed jaindice

Jaifa 4 weeks after being [ranslen'ed from Athlit A few days later a police
constable Iiving 1n the same barracks developed jaundice There ha d been no cases
of )aundloe 1n the Haifa barracks before these cases but there had been an epidemic

The usual expl. of two I cases of an

disease with a long cubation pertod 1s that both have been mfected from a
common source, but these four mstances could equally well be explained
by supposing that the case with 2 known contact was infectious a few days
after exposure and nfected the second case at that time  Some of the groups
of cases which occurred during epidemics m villages and nursenes (Tables
15.p 29 and 18, p 33) mught have bad a simular explanation, as mught some
of the cases i an mstitution for mental defectives during an epdemic which
will now be described

EPIDEMIC OF INFECTIVE HEPATITIS IN AN
INSTITUTION

Studies of an outbreak of mfective hepatiis lastmg from February to
July 1944 at the Royal Eastern Counties Institution, ‘Colchester, were made
possible by the help and co operation of the Medical Supermntendent, Dr
F D Turner, and of the medical nursing and laboratory staffs  Brochemucal
and haematological observations have been reposted (Pollock, 1945b and
p 70, Miles,p 84)

The population ar nsk  The 573 mental defecves m the Insttution
were distributed 1n five houses, A B, G M and N, which had respectively
115, 115, 17 296 and 30 mmates House N contamed chddren of both
sexes, Houses A and G older persons of both sexes, whist B and M con-
tatned older females only Three houses, A M and N formed separate
communities and centacts between mmates of different houses were few The
nurses slept 1in rooms off the wards and had no contact with the nurses of
other houses Houses B and G were similarly separate as regards patients,
but nurses from B did reltef duty ;n G A few patients in each house (Table
19) had contact with patients from other houses when they attended the
school held 1n the dining-hall of House B It will be shown that contact
1 the school played a part in the dissemunation of infection  Medical officers
and sentor members of the nursing staff visited all the houses, but 1t 1s
ughikely that they spread mfection

TABLE 19
Houses of Children Attending the School

House N B [ A Total

No attending schaol

No of these with hepatitis
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Some patients had visitors
for a few hours with relanvesh::n(f:‘(:r: go::meB Qners went into Colchester
xelther vasitors nor visits to ‘Colch " d ‘:?;;{cw do domfsm; work
t the tme of the epidem “ve duced mfection
notified from Colchesﬁer. lhco:ggrfhgeeria‘:rge?w s inlective hepatits
of 1942-43 accordimg to information recexven‘.lnfzl o pumber in the wanter
Visited he toum el went o loove fosmved rom doctors  Nurses also
developed jaundice knew of any contact with :l e e, but tone who
and all mught have beon infectoq by cates on thelcasc outside the Instintion
Cooked food was supplied from a ;s
p] central kitchen to all the houses for th
patients and to some houses for the nurses In the oth o
cooked their own food which was supplied from th s e s
supply was the piped town supply No cases of N OIS § ame Waler
kitchen staff The vamation n 1ncidence and Jendico ooeurred among the
m the tme of occurrence of
cases 1 different houses made 1t most mmprobable that thy
spread by contarmnated food or drink @t the mfection was
The nstitution had tts own laundr;
None of the laundry staff or pauemsy\vv}:l;l ,ﬁogfeadhﬂ‘:’c‘:g ng;?:ngnjﬁ;m
Sympromatology  Satisfactory histories and examinaty
1n 5 nurses and 8 gher grade patients o e e
findmngs were (yplcalgof m?ecuvephepuuus The symptoms. signs and laboratory
The majonity of the cases were m mental defec
any account of their symptoms and 1n whom cllnlcalnev)::m‘:}:;gsl&‘;sn;tﬂigmf
or mmpossible  However, the nurses reported every patient who vomx(ccd
or passed dark urine (or had “stamed sheets” if incontment), or becam .
febnle Temperatures were taken only if any alteration 1n beimvxour sug:-
gested that the patient was unwell Where possible these patients were
examm'ed Therr urnme was tested for bilirubmn on at least 3 days by
E{Enle{s lt:s‘;l t(hMr A L‘cc kmdlAy performegl many of these tests 1 the
e test
and a differential white count were performed on most pah:rftsfl::i fﬁ"&:ﬁ;
of them total serum bilirubm and 1 munute Van den Bergh percentage ”
(Pollock, 1945b and p 70) were estmated
In 65 of these low-grade [ ) of jaund;
made the diagnosis complete a écum}f;
ynge of jaundice m therr e cases of
infective hiepatitis on account of positive Hunter s tests  The serum bifirubm
in one of these was estmated and found to be 21 mg per 100 ml Four
other patients were never Jaundiced One of them, who was mcontinent, had
«gtamed sheets™ and a serum bilirubin of 25 mg per 100 m! The other
3 had posittve Hunter's xeisl:) 7and 1m w{xé)om V]enepuncture was possible
had a serum biliubm Of mg per m! and a bromsulphalem
retention of 15 per cent These 4 patients were considered to be cgscs of
wnfectne hepautis  Thus the total of 85 cases mcludmg the 5 nurses,
there were only 4 who defintely did not become jaundiced (4 7 per cent)
1§ the 3 with doubtful jaundice are included the percentage of non-ictenc

cases becomes 83
Sausfactory nformatson about the mterval between the date of the first
d the onset of jaundice was obtained for 60 cases In 15
ity noted  The absence of complamt of
1n as many as 25 per cent of the patients was probably

pre ictenic symptoms
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the result of their low mental category In 37 (617 per cent) the interval
between the first abnormality and the appearance of jaundice was from I
to 7 days in 7 it was from 8 to 12 days and i 1t was 18 days

Most of the cases were muld Only 1 patient gave nse to anvety on
account of deep jaundice and drowsmess but he made a clinical recovery In
38 cases the degree and duration of jaundice wers noted Jaundice was
shight 11 11 moderate 1n 24 and marked m 3 It lasted for 7 days or
less in 11 between 8 and 14 days 1n 22 and more than 14 days n 5

One patient had a relapse 25 days after the onset of symptoms and a
week after jaundice had disappeared She also made a satisfactory chnzcal
recovery

Two deaths occurred : patients who had had mfective hepatitis

(1) An epileptic boy ased 4 developed anorewia and srntability on 29th May
Two days later shight jsundice was noted  The jaundice faded but status epilepticus

May shortly after recovering from
The depth of jaundice was greatest
and had disappeared by 8th Tune
as no recurrence of jaundice and
Hunters test Bronchopneumonia
This patient had had jaundice 1
contacts of 7 cases of hepatitis m
patients who had recesved comvalescent measles serum (Propert 1938)

Observanions in suspects and contacts  Twenty two patients were seen
on account of vomung fever or dark urine In 15 of them repeated
Hunter s tests showed the absence of bile from the unne  Serum biirubin
was estimated m 9 i 8 the level was 075 mg per 100 ml or less
m 1 readings of 05 and 11 mg per 100 ml were obtamed In 4
of these patients the total and differentral white counts were normal
Clmical examnation where possible and subsequent observation of the 22
patients gave no reason o suppose that they were suffenng from hepatitis
Vomiung occurs not infrequently among mental defectises owmng to ther
eating too much or swallowmg noxious objects Vomting had been
occurring 1 the Institttion duning 1943 and Shig sonner was 1solated from
rectal swabs i some of the cases This epidemuc had died down before
hepatits became prevalent and stools examined from several of the patients
with hepanus yielded no organisms of the entenic food potsoning or dysentery
groups There was no reason to connect these suspect cases with one another
as they were 1n many different wards and occurred sporadically durmg the
hepattis epidemzc  Apart from respiratory mfections in March there was

Bo mnfectious disease prevalent at the time of the hepatitis epidemc
Hunter s fests were performed on the urine of 28 contacts 19 dormitory
contacts m House M were fested three or four tmes a week for
3 weeks following the fourth case of hepattis there mm March  One
positive was obtamned on 1st May m a gul {10 who was then found to be
jaundiced  Tests on her unine on 25th and 28th Apnl had been negative
9 persons 3 each in Houses A B and G were tested three or four tumes
a week for 3 weeks following contact with cases m therr house and at
the schoo] Two positive results were obtamed  Ope gul (2) had negauve
tests on 9th and 10th May and 2 positive on 11th May She was jaundiced
on 12th May The other gul (3) had negative tests on 8th 10th 1lth and
12th May a weak positne on 13th May and a strong positive on 15th
May Her unne was dark on 8th May but no jaundice or chmgcal
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abnormality was found on 10th or 12th May On 15th May there was marked
Jaundice of the conjunctivae and shght javndice of the face and chest, Four
serum bilirubia estmations at weekly intervals were made on 6 of these
9 subjects. Fite of them gave results withun normal fimgs throughount,
the sixth was the girl (3) already mentroned 1n whom the results were 04,
015 and 6.3 mg per 100 m! on 4th, 10th and [Sth May

These tests were undertahen 1 an aitempt 10 detect hver damage without

or before p d P ey were unsuccessful, but

daily exammations of a larger number of contacts might have revealed tran-
Stent hver damage ¢ & few cases Hunfer’s test 1s frequently positie
patients with symptoms before jaundice has appeared Owing to the Jack of
symptonts m the mental defectives 1t was hoped that ths test would be useful
for the carly detection of cases It did nmot prove to be so i the case
of guls (2) and (3) i1 whom frequent examimations were made, there was
a gap mn the examnations of girl (1) at the cntical nme  Further experience
1s needed fo decrde whether the test will detect cases before symptoms
deselop

The sequence o} cases The straggling senes of cases 1n Houses M and
B (Table 20 and Fig 14) contrasts with the more explosive outbreaks
the other houses In order to see how far the spread of mnfection could be
evplaned on the basis of ¢ase to case wnfection with an mcubation period
of 20 to 40 days 1t 15 pecessary to study the cases m detail

B s
2 2 ] L Y @ > 22
O PRTIENT NOT ATTENOING SCHOO

a wores

day of onset from March 24th to May 30tk

=
m PRTIENT ST TENDING FENOGL

Fi 14 Epidenicna Mental Institution - Cases by

TABLE 20
Cases by Houses and Weeks*

Week | Feb
ending | 26 | 4
e

House

M 2

B

G Z

A Z

N

Totaf | 2

—]
included 1 this Table

' ms’:l:ecﬂuarx’:d 10 House M dorng July and August (Table 21)
“Three ca:
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After the cases of hepautis following measles serum tn 1937, none was
recorded 1 the Institution unti] 1943 In 1942 cases occurred m a completely
separate branch and since a special watch for cases was kept, 1t 15 practically
certam that none occurred in the Institution stself m 1942 and 1943 unnl
December when a woman aged 27 fell 1ll on the 22nd  She was 1 House M
and had returned there only 15 days previously from an isolation hospital
where she had been for some wecks with scarlet fever It 55 probable that
she was infected 1n the isolation hospital although no contact with a case
of jaundice could be traced No cases or suspects could be found 1o the
records of House M following thus case until 24th February when the first
two cases of 1944, M1 and M2 occurred (Table 21)

TABLE 21
Dates of Onset of Cases in Different Dormutories of House M

Dormsory Feb Moar Apr | Moy | June July | Aug
B 2424 | 17 3} 2 — ] — —
P - - - 15 - — =
c - - - 19 = - —
L - —_ — l 29 5 8 14 1

These patients, M1 and M2, slept i a different dormutory (B),
from that of the woman who fell il m December, and therr
contact with her could only have been casual m the comdors The next
cases, M3 and M4, were women also i dormitory B, apd they fell 1
22 and 35 days after M1 and M2 M4 was a fnend of one of the earlier
cases and bad visited and kissed her while she was jsolated There were
tervals of 31 days between M4 and M5 and 37 days between MS and the
next case in this dornutory  In May there were no cases m dormutory B but
cases M6 and M7 occurred i two other dormutortes, P and C, where they
were unique, and had probably been mfected by casual contact with M1 and
M2 Dormitory L had five cases, M8 to M12, the first of which was in May
the mterval between M8 and M9 was 7 days, between M9 and MI10 33 days,
between M9 and MI1 39 days, and between M10 and Mi2 25 days This
sertes of cases among the older and relatively lgh-grade girls of House M
resembles the serral infections found i families

House B The first case, Bl occurred on 29th February, and no connection
could be traced between it and the February cases, M1 and M2 B2, a nurse,
was the next to develop jaundice, 18 days later She might have been mfected
by Bt or from a common source  The next six cases, B3 to BS, were patients
who fell 1ll between 24 and 39 days after Bl B8 had had “influenza ” and
bad been nursed m the same ward as Bl when the latter had just developed
hepatins  Two further cases, B9 and BI0, occurred 12 and 26 days after
BS. or 27 and 41 days after B3 Here agan the 20 to 40-day mtervals
between cases were unmustakable The prevalence of “infleenza ™ at the
time of the first case mught have assisted the spread of infection

The School The first two cases among schoolchildren, S1 and S2, were
cases Bl and BS already mentioned —The interval between the onsets was
39 days Four of the next five schoolchildren to contract jaundice, §3 to S7
lved 1n House A, and the fifth 10 House N, they were the first cases ,

w
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these houses Their illnesses began 43, 48, 51, 53 and 54 days after S1, too
late therefore to have been infected from that source They had no contact
with 82, who did not attend school after 29th February The most likely
explanation was that there was a carrer 1 the school who was mfecttous
between 20 and 40 days after the onset of I Mssed cases were unhkely,
since the symptoms 1n all chidren absent from school at the time were
exclusively respiratory  There were cases of infective hepatitis 1n House B
at the approprate time for mfection , contact between them and the school-
children was improbable, but 1t 1s concervable that infection was spread by
fomtes or dust 1 the schoolroom, which was also used as the dinng-robm
for House B

Followsng the cases S3 to 87, the school was closed on 24th April  Twelve
more cases, S8 to $19, occurred between 17 and 34 days after the first of the
batch, §3, and between 6 and 23 days after 7 Two later cases 520 and
821, schoolchildren 1n House N, commenced 25 and 30 days respectively
after 86, who was also the first case 1n House N

The sequence af cases 1 schoolchiddren agan suggests an ncubation
pertod of 20 to 40 days and a building up of epidemic potential by cases
and perhaps by carriers as the cause of the rather explosive mat batch of
twelve cases

House G The first three cases, Gl to G3, occurred between 28th Apnl
and 1st May G2, who fell ill on 29th April, attended the school and was
probably infected there, but G1 and G3 had no contacts outside the House
Infection mught have been introduced from House B by one of the nurses
on relief duty, but since none of them had any symptoms 1t can only have
been by a healthy carner Another possibility 1s that G2 was nfectious at
the beginning of fus meubation penod, about 19th March to 9th Aprl, and 1t
15 perhaps significant that he was away from school with a cold from 20th to
24th March  He, or Gl or G3, presumably infected the two later cases, G4
and G5, who became 111 24 and 26 days after G1

ded
The first four cases, Al to A4, were boys who had atten

th:] [s)g}fgof Al felt il on 12th April and as his last attendance at school
was on 20th March the mmmal moubation period seemed to be 23 days  The
other three boys attended school until they fell 1l on 17th 20th and 23rd
Amel  Fleven boys, AS to AlS, fell 1l between 12_an51 21 dfys iﬁfr.A,‘lﬁ

s beledn ﬁ::?:frﬁ::é ‘t‘}llle; e‘;‘gl}‘;: boys just before or Just after his isolation,
- ml‘: sacubation periods would then have been about 25 to 40 day;
a ‘de 1.24 were also 1solated with colds, from 27th March to 1st Apnl bzn

A3 ey ~Ath March Tespectively, and mught have infected ot}:er“~ Az,s.

n House A, the bunding-up o v ;;;rly n the penod was
school, dlJ rngbsa:v,zmi,clf;;ssvwh(‘) had colds at tha}t‘ n;ne and because exposure
ncrease an 1n the schoo!
1n the House w%s longer and closes !hhc 1f:ma!cs within 27 days, from Ist to

There were

fteen cases among U
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27th May  All the patients except one were confined to House A where their
dming. , day , d and washing
were scparate from those for the boys There was contact between the
males and females i the yard where they exercised or sat on warm dry
days The one patent with contacts outside the house was a gl who
attended the school and fell M on Bth May Some cases may have been
mfected by this gul dunng her icubation penod of by the earlier cases
among the males or by females miected from these sovrces  The mmates of
{his bouse were low grade defectives and therr filthy habits may have
contributed to the spread of mfection at a time when 1t rarely occurs among
more cleanly persons Two nurses who attended the women and two other
women fell 11l 27, 32, 25 and 27 days after the first case and were presumably
mfected by the early cases

House N There were eight cases n schoolchildren and seven m children
who did not go to school  Two nurses also developed the disease  They and
all the children who did not go to school can be accoudted for by contact
spread from cases among schoolchildren with 2 20- to 40-day mcubation
period  Several chuldren had colds i March and early Apnl

Though there are gaps and uncertamties 1 the story, 1t 1s possible to
trace case to case mfectton 1n many mstances on the basms of a 20 10 40-
day meubanon peniod The more expl tbursts may be expk on
the same basts if 1t 15 assumed that cases may be nfectious eafly i the
ncubation penod and that upper y inf coupled
with disty habits greatly increased the infectivity at every stage

Attack rates by sex age and House The attack rates on males and females
of all ages were 529 and 102 per cent respectively This difference was
partly accounted for by the larger proportion of females m the older less
susceptible 2ge groups (Table 22) In the 5 to 14 age groups the attack
rates on males and females were stmiar The attack rate i 10-year age
groups decreased from 54 1 per cent 1n the 5 to 14 group to 07 per cent
1n those aged 35 or over

TABLE 22
Age and Sex Distribution of Cases
Moles Fentales Both sexes Atrack rates (per cent )
Age at at at
risk | cases | nisk |cases| risk | cases | males | females | both sexes

5-14 25 14| 2 2] 4|2 | ss0! 522 541
15-24 20 13 | ss | 31 | 207 | a3 | 51 | 168 219
25-34 41 0 te7 |91y 9 00 54 53

35+ o -jwr | 1|11 — 07 07

Toal | 61 | 27 | s22 | 83 | &8 | &0 | (529 | 0z [ (29

The attack rates s Houses (Table 23) vaned consderably, but after
correcon for the age distnbution of the mmates (Table 24) 1t was
clear that only those for Houses A and M differed from the expected rates
House A with a high rate contamned the lowest grade patients and House M
with 2 low rate contained the bighest-grade patients so that the explanation
seemed to Jre m the ncreased opportumties of spread of wfection among
the low-grade patients
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TABLE 23
Attack Rates by Houses and Sexes

House Coregony Coses | cases | 02| Attack ratestpercenr) | Nurses
in " both Soth | ar
males | females | sexes | males | females | sexes risk | cases
N | Children 4] 1 15 faas| 523 [s00] 6 | 2
G | Mixed grades 2 4 6 [ 500| 318 {353 3¢ ¢
A | Lowest grade 2 15 | 36 | 552{ 195 | 33| 20 [ 2
B | Intermediategrade| - | 10 | 10 | = 87 |87l 1 | 1
M | High grade - 13 (3 - 44 43l 4| o
Total o7 | 52 80 |[(s29) I (102) [(139) l 8 l 5
TABLE 24

Age Distribution i the Houses  Observed and Expected Cases*

Artack

rate House N House G House A House B House M
Age | in Insty
tution | At} Cases | At | Caser | At | Cases | Ac| Cases [ At Cases

!

| ) ) ! .
E 17’ s!aslnslu 191|115|10

- g
Total ma)|u'15 1 12 1l296 1:|.ms

* Expected cases 1n each age group are calcufated on the rates of column 2 except the
total which 13 the sum of expected cases in the four age groups

HOMOLOGOUS SERUM HEPATITIS IN THE SAME
INSTITUTION

By courtesy of Dr § A Propert, Colchester, and of Dr J R Hutchinson
of the Munustry of Health records of the cases of homologous serum hepatitis
1n the Institution 1 1937 were made avaulable The epidemic of infective
hepatitis described above, 1n conjunction with these records, provides some
datz on the relanonships of homologous serum hepatitis and mfective
hepatitis 45 ml

e 1937 seven children aged 5 to 11 were moculated wil
oi(z:mlvs::‘:::é::m measkes serum Al seven develaped raundice betwesn ’il[

d 83 days later, from 10th and 22nd August all were senously 1

A Y 1 = ond three children died  On 14th November, 3

. 1 ike inoculated children, two other

had not recerved measles serum, but

‘ ’ who developed jaundice after mocula
-Both these children baa severe attacks s one was delnous fm'f 2

tay: he other had ) muscular and for
e vered Dr Propert suggested that the two November
4 days, but both reco the agent which produced the hepatits 1n

th
:;mn‘gzﬁa;gcctl?d;né;m!cwzt“g:hers held that these were cases of mfective
e 1 3
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hepstis and that the disease was scvere because the patents were mental

However, the exp of mfective hepstitis in mental defectrnes
recorded here, and expenence w other Insututions 12 Regon 4, have shown
that mfectsve hepatstis is not often severe 11 mental defectves I the first
opmon 18 accepted the b penod for paturally d homo-
Jogous serum hepatius was about 3 months as following parenteral
moculation  Four other cases possibly snfected 1o a simular fashion have
‘been reported (McFarlan and Chesney, 1944, Bradiey, 1946)

Three of the children who developed jaundice in 1937 alter woculation
with measles serum were 1 the Institution 1 1944  Ome was in House B
and two were m House G Only one, an inmate of House G, developed
hepatitis an the 1944 emdemic  The two patients who developed jaundice
1 November 1937 apparently as a result of contact wath the homologous
serum cases were m Houses A and B in 1944 The one ;m House A
developed hepatttis and as has been mentoned, after recovenng from 1t
died of bronchopneumonsa and heart fadure  Thus two of the patients who
were jaundieed 1n 1937 had not been immumzed by thewr attacks, and one of
them at least suffered then from homologaus serum hepatitis  There 1s other
evidence both epdemiological (McFarfas and Chesney, 1944, Gauld, 1936)
and expenumental (MacCallur, see p 137} of the absence of cross mmmunsty
between the two diseases

Discassion
METHOD OF TRANSMISSION OF INFECTION
Contact A great bulk of evidence supports the wiew that infective hepatitrs
1s spread by contact frowm case to case  In cases studied 1 Repon 4 there
was a istory of contact with & previous case between 20- and 40 days before
the onset of dliness m 189 per cent. of sporadic cases in Cambndge, and
wm 467 per cent of cases in village epdemucs (Table 25) When contacts
with cases whase onset preceded that of the case w question by less than 20

TABLE 25
Previous Comtacts of Sporachc Cases wm Cambridge and of Ceses i Village
Eprdemics
Numbers Percentage
Contact case Place of Sporadic Village Sporadic Village
contact RIS I eptdemic cases i epidemic
Cambridge eases Cambridge cases
Onses 2040 days | Home 3 113
previausty
Schoal & 22 189 487
Elsewhere 2 4
Ooset less than 20§ Home 5 3
days previously 87 13
School i s
No known contoct 50 36 724 900
Total 82 s 106 o
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days were included, the percentages became 276 m sporadic cases and 600
m epid There 15 £ for including these cases m estimating
the 1mportance of contact because the probability 1s that both cases were
Enfccted by contact with the same source or that one was mfectious early
in the incubation period and the second was in fact due to contact with
the first (p 36) In some rural epidemics the percentage of cases with known
contact 1s higher than 60 per cent (Pickles, 1939, McFarlan 1941) In
poliomyelttis the percentage of cases with a history of contact with a previous
case vanes sumlarly from about 25 to 80 per cent
Carriers of mfective hepanns  An explanation put forward to explan the
spread of poliomyelitis 1s that there are many carners of the virus, some
bemng healthy camers or having symptomless mfections others having an
*“1llness of mfection™ or an abortive attack (Conybeare, 1946) From a
careful study of willage epidemucs of infective hepatitis Pickles (1939) con-
cluded that carners are not concerned i the spread of infection but that
careful search will always reveal a missed case Newman (1942) concluded
from smilar studies that carmers did transmut mnfectton  In Region 4 no
instances of definite spread by carniers were observed although in many cases
with no history of direct contact an effort was made to estabhish indirect
contact through another member of the famuly However, some of the
epidemiological findings strongly suggest that carmers existed  Carrers
seemed to be the most probable source of infection of the many sporadic cases
and the ongin of many epidemucs The first case 10 some village epidemurcs
appeared to have been infected while vistting a town after the epidemic there
had ceased, which suggested that carriers were present m the town The
ymmunity of older persons 15 probably due to the subchnical mfections n
early life for which Pollock (19452) obtamed some hiochemical evidence
Thus there are several hnes of evidence pomting to the existence of healthy
carners Convalescent camners presumably exist for Newman (1944) observed
an anstitutional outbreak which seemed to onginate from a patient who had
a relapse 2 months after a first attack The evidence powuating to a pertod
of ifectivity early 1n the ncubation penod (p 36) suggests that precocious
carners should also be taken nto account
latve 1mportance of pharyngeal and faeces E
cvflice suggg:ts that mfective hepatiis may be transmitted by pharyngeal
secretions  Casual contact sometunes apparently suffices to transmut infection
as, for instance, 10 the case of an ambulance driver whose only known contact
with a case of mfective hepatiis was 30 days before her illness began
hen she sat for some minutes beside a patient 1 the waiting room of a

whea 1 Newman (1942) records stmuar mstances The wmter madence
h?su,;“ad sease 1s compatible with 8 droplet spread  In epidemics the capricious
zamrce olf spread 15 often noted For example, 1n a family a child A may sleep
and play with child B, and rarely meet an i;ld;r L;:]l:ﬂgl ;31 zl}":ﬁfr?hg:ve!f{:
wemanins C may succumb a month later and B Ti¢ MO w50 (T C0e

-
of %fl:i:\;;: ch:ﬁa‘t’x]t;sox;‘ :‘_9'1“:::: findings compatible with a spread from facces
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In some outbreaks infection 15 spread not diffusely but only to close contacts
Pickles (1939) found that close contact was usually necessary for the trans-
mussion of 1nfection and that successive Cases often occurred 1 children
who slept 10 the same bed or frequently played together High attack rates
were found mn the Mediterranean area and in some villages n Regron 4
where samitary afrangements were poor and facilities for personal hygene
very primitive  Human transmussion experiments leave no doubt that faeces
contain the infective agent

On the evidence. therefore, spread seems to occur from either the pharynx
or the facces In either imstance contaMunated fingers may play a part
and any increase 1n closeness of contact or decrease i opportumties for
personal hygiene may facihitate the spread of nfection

WATERBORNE EPIDEMICS

Fraser (1931) described an outbreak of jaundice which followed 3 to 5
weeks after a b outbreak of gast due to a
orgamsm  Neefe and Stokes (1945) descnbed an epidemyc of infective
hepatitts which was explosive and had a high attack rate and i which
nfection was probably transoutted to many of the cases by well water
heavily polluted with the faeces of cases  Olin (1947) descnibed a waterborne
epidemic n guests at 2 hotel 1 Sweden  Gauld (1946) showed that well-
water was the probable source of mfection of cases 1n some umits of the
American army it Italy The presence of the mfective agent 1 water has
been demonstrated by human transsusston expenments, and the virus
has been shown to be relatively resistant to chlornination (Neefe, Stokes, Baty
and Rewhold, 1945) Waterborne outbreaks can therefore be expected, and
Hallgren (1942 and 1943) maintains that they are common 1n Sweden. His
evidence 15 not, however, conclusive and the verdict of most wmvestigators
15 ¥nat waterborne epidemcs of infecuve hiepattts are rate

MILKBORNE EPIDEMICS

In an explosive epidemic of jaundice affectng about 150 schoolchildren
in three day schools 1n Scotland (*J M," 1943), the infection appeared to be
milkbome because the disease was confined to chuldren who drank mull
supplied to the schools by one dairy There was however no obvious source
of contamunation of the milk  Selander (1939) quotes Wickstrom to the
effect that spread by mulk s unlikely because he had seen many cases o farm
and dairy hands and no excessive meidence i the consumers of milk handled
by them In Region 4 no evidence was obtained that mulk was the vehicle
of wfection, and m two epidemics i day schools the attack rates were symilar
1 those chuldren Who drank school milk and those who did not (Table 26)
Milkborne epidemucs of fective hepatitis appear therefore to be rare

TABLE 26
Attack Rates in Children whe Did or Did Not Drink School Mulh,
1

Children who drank gulk \ Chden ho i o ke
Pi 1t
lace Totl | Aecied |(roreone's] Total \ Aficrea | {lack rate
Bungay 415 97 202 291 57 196
Bishop s Stortford 700 % 106 369 n 80 v
)

.
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CONTROL OF EPIDEMICS
.

Mha cawre 1 £amdem £ e
the

oce . ;
action 15 clear In most epidemics spread occurs by contact, either by the
respiratory or the mtesttmal route or both This double mode of spread,
coupled with the lengthy incubation penod, the relatively low attack rate
1 contacts and the stragghng nature of the eprdemic, make 1t difficult to
apply measures of control It may however be useful to discuss some of
the measures wihich can be adopted

Early diagnosis  Efforts should be made to diagnose cases 1n the pre icteric
stage, and suspects should be treated as cases until the diagnosis 1s clear

Isolation of cases and suspects  'The ranty of the spread of infection from
jaundiced cases in hospital to their attendants or to other patients suggests
that no very stnngent precautions are necessary in the established case In
view of the extended series of cases wm nurses which sometimes follows
the mtroduction of infection among the nursing staff 1t 1s wise to msist on
barner nursing of cases with proper disposal of faeces dunng the first
fortnight of 1llness  Sumilar precautions should be taken with suspects, for
a week from the onset of symptoms or until some other diagnosis 1s made
Dunng an epidemic at a school 1t 15 wise to exclude for a week all chuldren
showmg suspicious symptoms, because not mfrequently children stay away
from school for a day with vomiting and malaise, returning during the
sofectious  pre icteric stage only to develop jaundice a few days later
Children who develop the disease can be allowed to return to school a
fortmght after the onset of symptoms if they are then well

PR T

UATALULE J1 I WSLIuLOL  bu
1demrc 1t 15 1mpracticable to 1mpose g
o cpa more explostve outbreak quarantine for 6 weeks or so may be

af’:cr Hle In all outbreaks the most le way of dealing with contacts

15 to solate them promptly 1f suspicious symptoms appear

with y globuln

lmm:gmm:c yutbreak It s
rr;ngll]:t.(’ule :ovn tsual protracted
oubtful,
eprdetic . .
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I CLINICAL OBSERVATIONS

Cuirrorp WiLsoN DM FRCP

DuRING the period of these observations (November 1943—September 1945)
some 2000 cases of infective hepatitis among Service personnel were notified
in Civil Defence Region 4 an area embracing Cambndge and the country
Iymng between the nver Thames and the Wash Three hundred of these cases
were admutted under members of the Jaundice Team for observation and
therapeutic tmals The vast majonity were young male subjects but otherwise
the cases were unselected *

Symptoms and signs were recorded at least twice weekly The unne was
examined daily for bile and other abnormal constituents by traned nursing
staff and the results were frequently checked agamst independent examma
tions 1n the laboratory a rough estimate of the degree of biluria was
obtained using the foam test + Pabents were weighed twice weekly  Ne
specific detary restrictions were made except that greasy foods were wxlh,

elc ™ b

by
the -
but sample analysis of the food actually consumed gave the following
protein
7 of the
calonfic

vaue 300 NO IOULE ULAWIRUL Was pivelt CALDL war ape ulls were
admimstered when necessary
In general complete rest i bed was enforced until the unine had been
bile free (using the foam test) for 7 days as a rule the serum bilirubm
had fallen below 2 mg per 100 ml at thus ime  Patrents were then allowed
up for todet for a further 3 to 4 days and were permuited increasing actrvity
dunng the followmng 10 to 14 days before discharge 10 a convalescent depot
After 3 to 4 weeks graded trainng at the depot a final exammation was made
The period of rest 1n bed was extended after severe attacks or felapses and
for patients who showed liver enl and or 2
delayed fall iz serum bilirubin
Signs and Symptoms ' .
n this began the hip of catarchal jaundice
tow?:fcctt}:;: hepatitis  and the status of homologous serum andhars;ngc
therapy hepatitis had not been clanfied Detailed attention wa}sl 1] firecn &
pad to the chmeal features of these conditions Similarly 1del * mz
% the epdemuc form of nfective hepattis occurning in the Mediterranc
:rca with the sporadic type prevalent 1 this country bad not been f:l::l‘;sie:i
ts
The present semes contas 73 cases ansing in Servlced‘;::; e s
returned to this country from the Mediterranean theatre 13
d with cases ansing dunng the same
;g;?:? ‘lcn ?oc:;:;?“z;av:nz:en ;%:gar‘:erc no consistent differences m the

« Cases were referred to the Jaundice Team as soon as infective hepatits was

to hospital if accommodat on was avatlable
e e B ken i  t fobe 1 il pgment r preent e
mem ‘t,:kes on a yellowish funge of brle can be recog

Small amounts
companson With a normal urtne
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chimeat picture or laboratory findings between the two groups, and hence no
separation 1s made 1n the general analysis which follows
The age distrnbution of the first 200 cases of the senes 1s shown m Table 27,

o

and the of their and signs 1s recorded 1n
Table 28
TABLE 27
Age Distribution
Aze group No of cases Percentage
17-19 2 1no
20-24 63 s
25-29 54 270
30-34 34 170
35-39 24 120
Over 39 3 15
Total 200
TABLE 28
Percentage Incidence of Symproms and Signs
Infective hepattis Arsenotherapy hepatisis
Symptom and sign @00 casen) 34 coves)”
Percentage Percentage
Anorexia 9
Nausea 3
Headache {]
Lassitude 3
Vomiting 0
huvering 0
Constipation 5 -0
Abdomina! discomfort ]
Abdomumat pan 6
ackache 5
ains in lnbs 1
«uo—orb:ul pamn. 5
ppet Tespuratory symploms 7
tan witation 3
sthoea 1
Generat aches o
aLness 3
Skin rashes 10
Pain on eye mavement 7
Jaundice 1 [l
sver enlargement 30 bs
Luver tenderness 3 7
Brady: 3 728t
3 as s
plcnlc enlargement 5 23
ale stools 0 860¢
Dark urme 88 01

* Thus figure 15 based on 22 cases admutted to the Jaundice Unxt
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In general, infective hepatitis 1s a disease of abrupt onset, it begms
with a combmation of febnle and digestive symptoms among which the
most p are 1 d shivermng, frontal headache, muscle
and jomt pams, abdomnal pain or discomfort, nausea and vomuting  After a
vanable 1terval, usually of 1 to 10 days, the pre icteric stage 35 followed
by the appearance of dark unne and jaundice At this pomnt there 13, m
most a rapu P! m p The liver 15 commonly
enlarged and tender and the spleen may be felt Unless the attack I
particularly severe or a relapse occurs, all signs and symptoms have
disappeared 1n 3 to 5 weeks

The general features of mfective hepatttis occurning 1n the various theatres
of war have been adequately described elsewhere There are certain aspects
which have only been generally appreciated as a result of war-time expenence
and which deserve parucular emphasts The most sigmificant of these
1s the frequency, at the onset, of symptoms supgestng an acute
snfective process  Fever or febrile symptoms, such as shivenng and sweating,
were present in three quarters of the present series Rigors were uncommon
but pyrexia up to 103° F (39" C) was not unusual Frontal headache, retro
orbital pamn, phystcal and mental lassitude, generahzed aches 1n muscles and
jomts, particularly affecting the imbs and back, were charactenstic presenting
symptoms There was then not inf) Iy a porary mp: t, with
subsidence of fever, followed by a return of symptoms, particularly digestive
ones, and by a secondary rise in temperature about the time when jaundice
first became apparent

Attempts have been made i the past to differentiate between jaundice with
severe constitutional symptoms, which was attnbuted to mfective hepatitis,
and jaundice with few which was d d as “catarchal
jaundice ™ The present senies does not support any such demarcation Al
grades of sevenity were encountered both m sporadic and epidemic cases Ina
large epidemuc many severe cases may be seen 1 a short space of time and
these may give the false ympression that the disease 1s more severe than, or
clinically different from, that observed n sporadic cases  There appear to be
no chmeal grounds for retaming the concept of * catarrhal jaundice” as a
disease entirely distinct from infective hepatitis

Certan rare general symptoms are of specia) onterest  Headache s
occasionally associated with neck ngdity simulating memingiis  Blumning
of vision and pain on eye movement may accompany retro orbital pain  Skin
jmtation and urticana may be presenting symptoms Other skin rashes
erythematous or macular, and small crops of petechiae have been very

e
ochs;::wl/lg gw});l;:gls are rarely absent m infective hepatiis The}; may
be assoctated with the febrile symptoms at the onset or may appear “""%
or even after the pre-ctenc stage  Loss of appetite 1s (hfe C‘;’mm‘g‘:j
of all symptoms, 1t 1§ particularly prominent with greasy foods

reasy articles of diet contamung fat, including eggs, mulk, cheese and even
%utl:r, are well tolerated Abldorgmal 'Ezmr l]; !uzl;;lel}r’ gf’f;mc'q::émﬁ?sy

tral, hypogastric or Jocalized 1 the Tig|
,XJ: r::; wl ofyslici seVle}' as to iuggm pe‘rforaled ulcer or 1t may sm'mlatf

I
the pam of acute ap 5 usua)ﬂ{ld cribed
as a heavy, cramp like or blown up feeling 1n the epigastrium m );n
assocrated with flatulence or severe heartburn  Diarrhoea 1s not a common
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symptom It appeared 1n 11 per cent of the present series In a few
cases 1t was attributed to an independent gastro enteritis but i general
the onset appeared to comeide with the appearance of achokc stools at the
end of the pre-icteric stage

Of particular mterest 15 the association of upper respuratory tract infection
which has been described m some outbreaks of mfective hepatitts It 15 not
uncommon for the patient to complam of a “cold” or *mfluenzal
symptoms  at the onset of an attack of mfectve hepatitis, but on close
enquiry the symptoms mvolved are usually headache, shivering or pains in the
Imbs which can be recogmzed as mmtial symptoms of the disease Upper
respiratory symptoms, coryza, cough and sore throat, are mdeed rare at
the onset A burming sensation or discomfort m the throat 15 occasionally
due to acid eructation or 1s associated with retrosternal or epigastric dis-
comfort In the present series a history of upper respiratory symptoms before
or during the attack was obtamned 1n 34 patents (17 per cent) Twenty-
eight of these complawned of coryzal symptoms, sneezing runnmng cold, cold
m the head and cough 2 had nasal catarrk with obstruction, 2 com-
plamed of cough with muco purulent sputum and 2 of sore throat, the
Jatter symptom was also recorded m 2 of the patients with coryza The
duration of upper y was 1 to 3 days, but 7
patients complamed of a persistent cold for 3 to 4 weeks The mterval
between the respiratory infection and the onset of infective hepatius was
very vanable, ranging from a few days to over 4 weeks When the occurrence
of respiratery symptoms was related to the monthly distabutios of admuse
sions 1t was found that 31 of the 34 cases occurred between October
1943 and Apnl 1944 gwvng an incdence over this pemed of 255
per cent  The remaining 3 occurred durmng the months May to September
of 1943 and 1944 giving an incidence of 38 per cent The high mcadence
from QOctober to April was partly due to the adomssion over this period of
a Jarge number of men on theyr return from the Mediterranean area  In thns
group the meidence of respiratory nfection as a prodromal symptom of
infective hepatitis was 40 per cent , 1t appeared however that the great
majonty of these troops suffered from colds on board sip or on armival
thus country In short, the relationship of upper respiratory nfection to
fective hepatitts was inconstant in this semes, coryzal symptoms showed
no umform ume relatronsp to the onset of the disease, and their incidence
was almost entirely confined to the winter months and was ighest 1 a group
of men returned to the Umted Kirgdom at a time when the common cold was
prevalent  In a few instances upper respiratory symptoms comncided with
the onset of an attack of infecttve hepatitss and 1t 1s possible that in these
and others, the preceding mfection may by lowenng of resistance. have pre-
disposed the patent to the attack In genmeral, however, 1t seems that
:lcspu-n!ory symptoms were comcrdental and not an mtegral part of the

1sease

Laver enlargement and tenderness occurred 1z 83 per cent and 88 per cent
©f cases respectively, and as they may be present in the pre rctenc stage
these signs arc of early diagnostic value There is often marked muscular
Tesstance 1n the nght upper quadrant so that it 1s tmportant to feel for the
hver edge external to the rectus muscle Splenomegaly was present 1 16 5
per cent of cases, the enlargement bemng two or three fingerbreadihs below the
costal margin, and usually associated with tepderness In a few cases

<
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splenomegaly persisted after all other signs and symptoms disappeared
The 1nconstancy of palpable splenomegaly m tnfective hepatins, 1ts early
occurrence, the associated splemic tenderness and its apparent independence
of the sevenity of hwer damage all suggest that involvement of the spleen
1s a separate mamfestation of the disease and not a result of portal conges
tion The histological findings m patients dying 1n the early stages indicate
an acute wnflammatory process rather than stmple congestion and the clinicat
observations support this view The fact that splenomegaly 50 often persists,
with or without signs of residual hver damage, 1s of nterest 1n 1ts possible
relationship to certain cases of “splenic anaemia ” 1n which chrontc enlarge
ment of the spleen s found m the presence or absence of carrhosts of the hver

Enlargement of superficial lymph glands was looked for n this series but
was not found with sufficient constancy to be regarded as an integral feature
of the infection

Course of the Disease

The clinical course of infective hepatitis 1s remarkably constant and free
from complications  After the onset, which ts usually sudden, general and
digestive symptoms commonly persist for a short period before the appear-
ance of yaundice At the end of this pre rcteric stage symptoms smprove
rapidly and by the ttme jaundice 1s fully developed the patient complams of
ittle except a subnormal appetite, lassitude and some degree of epigasttic
discomfort Icterus usually mcreases durmng the following week and then
gradually dimimishes over a peniod of 1 to 2 weeks  In many cases minor
digestive symptoms, occastonal headache, and undue fatigue after exertion
persist for several weeks after the disappearance of jaundice, but for most
a tewrn to normal actvities 1s possible 4 to 5 weeks after the onset
In this series the pre ictenc stage varied from 0 to 24 days and was usually
1 to 8 days mn duranon (Table 29) Occasionally, before the onset of
jaundice, there 1s & temporary tmprovement followed by a returnt or aggrava-
tion of symptoms Thus remission dunng the pre-icteric stage has been
frequently described but 1t was observed i only 15 cases tn this series
In most of these there was an apparent dissoctatton of general and
digestive symptoms ~ Some of the general symptoms, headache, lassitude,
shivenng, backache and pams in the limbs, were present at the onset 1n 113
cases, whilst 1 the remaining 2 urticaria was the sole mtral symptom ;
a rule dunng the remussion the patient felt comparatvely fit and returne

TABLE 29
Interval between Onset of Symptoms and Appearance of Jaundice

Intenal ?;[aﬂrl) Jaundice Na of cases Percentage
53]
- ——
JE
57 285
by 3 Bs
-9 4 95
1012 i 53
13-15 14 7
Over 15
Total 200

[ I S



CLINICAL OBSERVATIONS % 55

to duty  Afier a further 1 to 8 days symptoms returned , shivering or fever
recurred 1 half the cases, lassitude, headache and backache usually returned,
and 1n one of the men who bad presented with urticana the rash reappeared
The most p after the were complete-Joss of
appetite, nausea and vormting ..

Dunng the 1ctenc stage jaundice was commonty observed Yo sncrease m
depth for a period which 1 this series vaned between 3 and 10 days  Parallel
with the development of jaundice there was an mcrease 1 biluna and the
stools remained pale Symptoms steadily mmproved dunng this tume 1 all
but the most severe cases  After a vanable time dunng which the skin colour
remamed unchanged, jaundice began to fade, at first rapidly and then more
slowly The rapid phase was assocmted wnh 2 rapid iall of the serum
bilirubin, the stow '

Dunng the penc the
other signis diminte hen
jaundice appeared became normal after a mean total duration of anorexia
of 118 days Lassitude had a stmular but shghtly longer duration Laver
enlargement and liver tendemess Imdcrw:n! a parallel duminution  The mean
imterval from the onset of of hver tend
was 280 days It was often observed that 1n 1ndvidual cases hiver tenderness
was more persistent than jaundice In 125 cases s which the duration
of hepatomegaly (measured from the onset of symptoms) could be estimated,
the liver remained enlarged for as long as 2 weeks in 38 cases, from 2 to 4
weeks 1n 40 cases, from 4 to 8 weeks 1n 40 cases and from 8 to 13 weeks in 7
cases As stated previously, patients were not discharged from hospital untit
Jaundice had disappeared, the unne had become bile-free and the serum
bilirvbm was below 2 mg per 100 ml  Even when these conditions were
satisfied the panent was kept 1n bed if the liver remawned enlarged and tender
Exactly half the total number of cases rematned 1n hospital for one month ot
Tess , of the remainder, 80 were discharged after 4 to 8 weeks, while 7 patients
were 1 hospital for 3 months or more

Of the first 200 cases of the series 101 were referred back withont selection
for follow-up observations after one month’s graduated trammng at a
convalescent depot Particular enquiry was made for digestive symptoms
and undue fatigue after marching and physical traming , a general examina
tion was made, the urine was tested for urobilin and bilirubin, and the serum
birbin and bromsulphalein excretion were estmated 1f there was any

of recovery P and signs were absent and
the blochemical tests were negative in 54 nstances 1t the remainder residual
manifestations 1ncluded excessive fatigue on exertion, 1ndigestion, abdommnal
pan, headache, backache, liver enl and
of the spleen  Enlargement of the lner ot spleen wuhout symptoms was
found 1n 14 cases, Iiver or with residual
occurred i £5 and’ symptoms alone m § so thar one third of the patients
n this unselected group who had left hospital feeling quste well returned after
one month’s training with some subjective disorder  Four patients returned
with a defimite relapse , apart from these no abnormality was discovered by
the biochemucal tests at Our dxspos:l

PO
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groupmg was also found m a small senies- of cases examined at mtervals
up to one year after the smtial attack The first group consssted of pattents
who complained of persistent or penodic digestive symptoms, abdomunal
pain, especially 1 the nght upper quadrant, and faugue, on exammation,
enlargement of the iver with or without splenomegaly was found Some of
the attacks, which were ) d by exercisc ot
mdulgence in alcohol, were accompanied by a return of jaundice to the
sclerotics, and frank relapses occastonally occurred  Patients in the second
group continued to be free from symptoms but the lver, and less frequently
the spleen, remained enlarged  Whether i these groups the Ier lesion
15 resolving or progressing will be determmned only by a longer period of
obsenation  Thirdly there was a minonity of patients with no demeonstrable
lver enfargement but with residual symptoms, particularly fatigue, indigestron
and headache, which tended to be constant rather than periodic, and which
were out of proportion to the severty of the mial attack Whilst 1t was
mmpossible to exclude the posstbility of residual liver damage, the chnscal
picture 1n these mstances was more suggestive of a neurosis

RELAPSES AND RECURRENCES

From a long term study of infecttve hepatitis among civillans Pickles
(1939) concluded that one attack confers an ymmumty comparable with that
of measles Among military personnel, reports of second attacks are not
uncommon, but it 1s possible that many of these are relapses following
shortly after a first attack with incomplete recovery Out of 272 Service
cases examuned by the writer therc was a hustory of a previous attack of
Jaundice 1n 26 instances  The interval between the two attacks was 8 to 22
years 1n five, 7 months to 3 years in ten and less than 3 months m eleven
cases It seems likely that the five patients with an interval of 8 years or
more suffered from re infection  This presumption 1s Jess certam in the second
group with intervals of 7 months to 3 years ‘There was apparently
complete recovery from the first attack and freedom from symptoms mn the
mtenval If men in the first two groups are presumed to bave suffered from
second attacks the recurrence rate would be 58 per cent  Seven of these
cases had intervals of 3 years or more and the recurrence rate was then
26 per cent  In the eleven cases with less than 3 months interval 1t appeared
certain that the second attack was a relapse following incomplete recovery
Three were ambulant dunng the first attack and three retumed to duty before
jaundice had disappeared  This gives the mmpression that inadequate rest
during an attach of infective hepatitis predisposes to a relapse  While this
may be so, sumilar relapses are as frequently seen before patients have been

ed
B"lol‘;llzdpsue‘;lv‘::r}; observed dunng thetr pertod of hospital treatment 1n 23 out <;’i
the 200 patients 1 the senes (115 per cent) All cases are included m whic!
there was a return or aggravation of symptorns with either an mcre:;se n‘sx
jaundice or bioch ] evidence of of Iver function  Rel apscd
were of varymng sevenity, some exceedsng the wuttal attack 1 intensity an
duration, others producing only 2 shight return of biluna and mawseof:
serum bilirubin, with temporary loss of appette or malaise ;astmgunloz 5‘1 e
1 or 2 days The mtervals between the onset of the imtal a

thay he relapse showed a umiorm scatier from 14 to 60 days Three patients
;1::1‘1;0 rcil’apscs In 13 instances the tnmal jaundice had disappeared
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before symptoms retumed  The most common relapse symptoms were
anorexia, lassitude, nausea, vomiting and headache The temperature which
had previously been normal was raised m 4 cases Jaundice returned or
mncreased 1 17 patients and was assocrated with an increase or recurrence
of biluna and nse in serum bilirubin 1 15 who were mvestigated at the
time Following severe relapses the liver enlarged and became more teader
In 3 patents the spleen, which had not previously been felt. became
palpable Bicchemical mvestigations show that hippunc acid excretion
may fall steeply with the return of symptoms, whilst a granulopema, sumlar
to that which 1s seen at the onset, may occur at the same time  An 1nteresting
feature 1s the absence of any prectenic wterval dunng the early relapse
The return of symptoms, yaundice and biuera, and the nise mn sesum bilirubin
appear together The explanation may be that the pre ictenc interval usually
abserved at the onset 1s partly determuned by the functional reserve power of
the liver, and that this 1s considerably reduced dumng the early stage of
recovery When relapses have occurred late in convalescence after all signs of
liver damage have disappeared, the 1nterval between onset of symptoms and
appearance of jaundice has agamn been observed

Although 1t has been suggested that both alcohol and strenuous exercise
may preapitate iate relapses of nfective hepatiis, nenher of these factors
could have been operative m the majonty of relapses described above In
these patients there was no apparent precipitating factor and 1t 15 concluded
that reactivation of the disezse may occur spontaneously —Complicating
wfections ansing dunng the recovery penod appear to have no effect on the
course of the disease Febnle illnesses due to tonsillitis or pharyngitis (8
cases), pneumoma (1), otitis externa (1} and pyelius (1) produced no return of
biluria or other signs of relapse

Comparson of Epidemic Cases from the Mediterranean Area
and Sporadic Cases among Home-based Troops
The return to the United Kingdom of certamn units from the Mediterranean
area provided an opportunity for making a companson between the epidemic
form of nfective hepatitis and the sporadic type occurmng i home units
This revealed a bl n sevenity and
duration of the disease 1 the two groups

SYMPTOMATOLOGY

The percentage mcidence of symptoms 1s given i Table 30 It wall be seen
that the order of frequency of symptoms is almost identical 1 the two
groups whilst the actual percentage sncidence shows a remarkable parallelsm
The epidemic i units from overseas continued for several months mn this
tountry and Yhere was a possivitry that cases ansing later than one month
(the average incubation peniod) after disembarkation might have been infected
outside their umts Cases ansing later than one month after arrsal n England
bave thercfore been excluded from column 3 mn the Table To make the
companson more exact cases tn home-based units admuted before the
return of CMT units have also been ehiminated , the 53 cases m column 4
were studied over the same period as the CMF cases In these more selected
groups the above relationships are confirmed

Two features require special comment, diarthoea and upper respiratory
symptoms (including coryza and sore throat) which were at times associated
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with infective hepatirs dunng the eprdemics of 1942 and 1943 1 the
Mediterranean area  Our figures reveal no sigmficant difference 1n the
meidence of diarrhoea between the groups Upper respiratory symptoms
showed considerable vanation They were commonest (40 per cent) i the
corrected groups of CMF and this 1s explaned by the high mcdence of
colds 1n these troops on their retum to England  Cases of mfective hepatitis
ansing after the first month 1n England had a much Jower incidence of upper
Tespiratory symptoms (8 per cent), since the common cold epideruic had
then subsided In the Home Forces group there were no * preceding
respuratory symptoms ™ before 1st Novernber 1943, and 17 per cent after
ths date  Thus m both groups (CMF and HF ) upper respiratory symptoms
were often absent and when present may, as previously suggested, have been
coincidental and not an integral part of the disease

TABLE 30

Percentage Incidence of Symptoms of Infective Hepattis i Cases from Mediter
ranean Area (C M F) and Home Forces (H F)

Total l Corrected*
Symptom CMF [ HF | CMF. |, HF
(73 cases) | (79 cases) | (37 cases) | (58 cases)
Anoreua 85 92 89 950
Dark urme 86 86 84 88
lausea 73 70 84 5]
Headache 58 57 49 52
Vomiing 53 50 62 40
Lassitude 43 55 35 571
shnenng 43 3 3 40
Epigastric discomfort 40 43 40 42
Epigastric patn 31 35 30 kil
Backache 27 34 24 2
Pains in Limbs 15 27 8 ﬁ
Generalized aches 4 12 [} 1
Irntation of skin (pre icteric) 3 12 3 5
Duarrhoea 0 9 1 13
Preceding upper respiratory symptoms 25 13 40

* Corrected groups
C M F —excludes cases ansing later than 1 month after return to England
H F —excludes cases ansing before retum of C M F to Englant
SEVERITY AND DURATION OF THI DISEASE
It 1s difficult to find a satisfactory single cntenon for the severty of
snfective hepatitis, since 1n individual cases the vanous features of the dlseastf:
show such an inconstant relationship to one another A combunation ol
clintcal and biochemical data was therefore used  In Table 31 the percentage
distribution of the different degrees of jaundice and hver enlargement 15 slhown
for the four groups  the percentage of cases showing persistent lver enl argtl:s
ment on discharge from hospital 1s given and the meidence of relapﬁcs by
tabulated for each group The maximum observed serum bilirubn Jeve!
are compared m 57 C MF and 48 HF cases i Table 32 of
Critena used to mndicate the duration of the disease were (1) durauo;c of
anorexia, (2) interval between first symptom and disappearance of b:edxsap-
the unne, (3) duration of jaundice, (4) mnterval between onset an e
pearance of lver tenderness , () interval between first symptom and ref
serum bilirubin to 2 mg per 100 ml . (6) penod m hospital
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Seventy of Infective Hepanns in Cases from Mediterranean Area (CM.F)

and Home Forces (HF)

Total Corrected®
Craterion CHMF, HF [ CMF | HF
€73 cases) { (79 cases} | (38 cases) | (58 cases)
Maximum degree of jaundice + 53 45 58 54
(Per cent distribution) ++ 35 34 28 29
ot 12 21 14 17
Maximum degree of bver enfargement 0 22 2 20 20
(Per cent distnbution} + 43 36 4“4 43
++ i7 32 17 26
R i) 10 19 n
Persistent Liver enlargement 15 165 14 7
(Per cent)
Splenomegaly 165 190 25 s
(Per cent
Relapses 96 126 85 155
(Per cent)

* Corrected groups

€ M F—excludes cases ansing Jater than 1 mooth after return to England
H F—excludes cases ansing before return of CM F to England

TABLE 32

Duration of Infective Hepanus i Cases from Mediterranearr drea (CMF}

and Home Forces (HF)

Total Corrected *
CMF HF | CMF HF
Criterion SE SE |DISE SE SE |piSE
Mean| “of | Mean) “of fean| of |Mean| of
Mean Mean Mean Mean
Duration of 107 | 1os|us [ 100f 110101 | 135 07 | 125] 080
anorexia  (days)|
Ducationof bioria 209 | 131 {220 | 128 060 | 211 | 227233 | 163 079
ays)
Duration of 096|194 | 113} 047 (197 | 127194 | 181 [ 014
Jabndice (days)
Duration of lver| 263 | 265{247 | 277 042 | 223 | 284 | 283 | 416 132
tenderness (days)
Period i hospral| 325 | 280|326 | 218} 003 [ 350 | 358 (327 | 210| 055
(days)
No of cases 57 4
Mean maximam 79 103 20 — - -
tum  bilirubin|
r 100 ml )|
Meannterval from| 215 283 24 - - —
2
serum _ bihrubm
Tevel (days)

* Correcied grouns

€ M.F—excludes cases ansing later than 1 month after
H F—eveludes cases gnsing before retwn of CM F to

retum to England
England
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A companson of the cntenia of seventy shows a very sumular percentage
distrsbution of the degrees of jaundice and hver enlargement 1 both the total
and “cormected” CMF and HF groups The madence of persistent
hepattc enlargement 15 also simlar It mght be expected that splemc
enlargement would be commoner 11 troops who had been exposed to malaria ,
n fact this was not the case (Four CMF cases admutted to hospital with
malaria and jaundice have been excluded) A close correspondence was
also found for the cntena indicating duration of the disease  Biochemical
“w tooa v ie —camc o P e

tions reveal that this shght difference was due to a small number of patients
in the Home Forces group with an y high and )l 1

of the serum biltrubin  Haematological nvestigations were made on the
same series of patients and revealed no significant difference 1n blood picture
between the two groups (p 94)

We may conclude that a study of the symptomatology sevenity and duration
of epidemic mfective hepatitis i troops returned to this country from the
Mediterranean area provides no reason for believing that the discase 1s
a different entity from mfective hepatiis occurnng sporadically i Service
umts m England

Non-rcteric Cases of Jofective Hepatitis
afic test for infective hepatitis 15 discovered the recogmition
aflggg ldxasesaggcm a pauent with typical symptoms rests on clincal or bio
chemrcal evidence of hver damage and o particular on the appearance of
biluna and merease m serum bihrubin - This series of cases presented a
e of seventy of liver involvement and mn a few jaundice was so
yade r:;]ng the diagnosis might well have been mussed under less favourable
shght that Tn most cases the mse im serum biirubin was sufficiently
condluo:ds to produce severe jaundice, in occasional patients however a
prolong zdpfall 1n serum bilirubin was associated with only shght and
e e ndice It 1s probable that when the duration of hyperbilt
ransient 134 short, jaundrce either does not occur or 1s too shight to attract
rubiaema léthcr élochcmlcal changes may be equally transient so that a
attention a typical history of nfective hepatitis and yet show neither
patient moY g{)vgchcmxcal evidence of liver involvement when he first secks
jaundice ncl:rhl total and differential white counts are of uncertam value
auenuonﬂns s:nes both wer normald ¢ n nearly half the cases
siace 1R

founc - not specific for the
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Medical Officers bad had b 1n the early of
the disease  Fufty such cases were admitted dunmg the period of this
nvestigation, 1n only three was the dragnosis of mfective bepatitis subse-
quently made and jaundice developed 1 all of these The remainder were
suffenng from a wide range of conditions meluding malana, glandular fever,
lobar pneumonia, gastro-enteritts, ascanasis, dysentery, tonsilitis, mfiuenza
and diphthenna It 15 however possible that at the height of an epidemic
(such as was prevalent 10 the Mediterranean theatre 1n 1942 and 1943) non-
icteric cases occur and are instrumental mn spreading the mfection A
further possibility 1s the occurrence of the mnfection with mo mvolvement
of the liver It 1s obvious that unless repeated observations are made from the
onset, using sensitive liver function tests, slight and transtent liver involvement
may be overlooked The recogmtion of such cases, if they exist, and of carriers
who exhibit neither symptoms nor jaundice must await the development of a
speaific test for the disease

Relation of Symptoms fo Lesion

The chimcal picture of mfective hepatitis presents three main aspects which
must be considered 1n assessing the seventy of an attack and in discussing
the rek of to the under: lesion (I} the onset
symptoms, {2) the mamfest effects of hver damage—jaundice, hver enlarge-
ment, bilunia and bilirubiaemma and (3} restdual symptoms which may
persist for weeks or months after the attack These phases of the disease
correspond roughly with the pre ictenie, ictenc and post-icteric stages The
use of the term “ pre ictenc stage ™ may efronecusly suggest that the liver
15 unaffected until the end of this penod  In fact, nvestigation of pre-ictenc
cases indicates that hver damage occurs at or soon after the onset, and by the
time icterus s mamfest hiver function 1s usually recovening ‘The mierval
which 1s commonly observed between the onset of symptoms and the appear-
ance of jaundice 1s due partly to the fact that the nse m serum bilirubin
does not begin for several days and partly to the gradual nature of the rise
1n many tstances The varying rate of mse explains why different levels
of serum bilirubin are found when Jaundice 1s first detected

The probability that hver damage occurs at the onset, and that 1t 1s
frequently maximal in the early stages of the disease suggests a paralle]
with the symptomatology and rases the question of the relationship of
symptoms to Iiver damage The nature of liver dysfunction 1s too obscure
to provide direct proof but there 13 much presumptive evidence that the imual
symptoms of infective hepatttis are not due to liver damage It 1s common
expenience that symptoms may be rummal in patients with severe, protracted
Jjaundice and considerable hepatic enlargement Moreover the fime relations
of symptoms and jaundice are mconstant , 1 several of our cases symptoms
npp:ar:d“s:&t.rzl days after yavndice was established  Dunng 2 relapse of

nfans o

disturbance  In order to discover whether the production of digestive
symptoms 1s related to the degree of liver enlargement, the percentage

! <3
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there 1s no reason to believe that they represent a selected sample  Individual
cases gave the impression of a more severe degree of hver damage than was
seen m infective hepatitis and this 1s confirmed by a compartson of the two
groups The data presented in the last column of Table 33 show that 1n
seventy and duration the arsenotherapy cases most closely resembled the
severest group of mfective hepatitis cases, te those in which the serum
bilirubm exceeded 10 mg per 100 ml  The incidence of relapses was dispro
portionately high, 55 per cent of cases sufferng a relapse or exacerbation
dunng the recovery period  This 1s significantly higher than the relapse rate
for the most severe group of infective hepatitis cases In sixteen of the arseno-
therapy cases the maxumum serum bilirubin rose above 10 mg per 100 ml
and 1n eleven 1t exceeded 15 mg per 100 m! so that the correlation between
the chimcal cntenia of seventy and serum bilirubin level 1s bomne out by this

group
Although the degree of liver damage was greater, the symptoms were 1n
general no more severe than 1n nfective hepatitis  The percentage merdence
of symptoms and signs for the two groups 1s shown for companson m
Table 28 (p 51), only one symptom, pam mn the hmbs, was notably
commoner 1n arsenotherapy hepatitis The pain was referred to the muscles
rather than the jomts, and the arms and shoulders were most commonly
affected, 1 a few patients muscle pains preceded the other symptoms of
hepatitis by days or weeks A further apparent pomnt of difference was the
common of certain p after ad to hospital, particu-
larly nausea, vomiting and_abd pain or di t This 1s
with the behaviour of severe cases of infective hepatiis, but more pronounced,
possibly owing to the greater frequency of exacerbation or relapses durng
the icteric stage of the disease In these relapses the manifestations of liver
damage were more marked than in the simular relapses of mfective hepatitis
Recovery of hver function was slower n arsenotherapy hepatitis than
nfective hepatitis so that there 15 a greater probability of relapses occurnng
while the lwver 1s still damaged The degree of hepatic enlargement mn
hepatitis was ficantly greater than 1n the most severe grade
of mfective hepatitis, n six patients marked hepatic enlargement was
still present on discharge from hospital after all other evidence of liver damage
had d The of sp ly (228 per cent) was mot
uficantt ater than in mfectnie hepatitis
Slglut was sfgg:zed above that the high attack rate of arsenotherapy hepatitis
might be exp: d by the p 1 mode of for simlar ugh
rates are usual m homologous serum hepatitis Reports of the Iatter, m
particular those of yellow fever vaccine Jaundice, do not suggest that Iver
damage 1s more extensive than m mfectve hepatins It 15 therefore possibie
that the greater seventy of arsenotherapy hepatitis 13 attnibutable to the
" additional hepatotoxic action of arsenic
HOMOLOGOUS SERUM HEPATITIS
be course of the derabl was paid
to]t));l:;gosstxhlhty of hepatitts ansing as a sequel of blood or plasnlla tralr;]se
fusion The ten cases encountered were admutted to four hospl;:a s 1m °
region dunng the 8 months from Apnl to November 1944 gﬁ;ﬂ:vm;l
civihans who receved reconstituted serum or plasma followmgh af hst;ﬁ
aperations , three were also given whole blood  The same batch of p!
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was used in two instances, the others received plasma at the same hospital
but the batch numbers could not be traced One patient died after jaundice
developed , although the hepatic leston was severe, other conditions found
post mortem were sufficient to cause death The ages of these patients were
53, 58, 62 and 63, none gave a lustory of contact with infective hepatiis
and the mtervals between the and the 4 of

of hepatitis were 63, 64, 90 and 103 days The remaming six were Service
patients Two had received whole blood together with serum or plasma
transfustons 1n this country and four had been given serum or plasma
abroad, 1n one instance followed by whole blood The tervals between
transfusion and the onset of hepatiis were 53, 62, 70, 76, 79 and 90 days
Two of these patients died 5 and 6 days after jaundice appeared and the
histological findmgs were typical of acute necrosis of the liver In none of
the Service cases was any history of contact with a case of jaundice obtatned

GLANDULAR FEVER
The occurrence of jaundice 1n glandular fever s now well recogmzed
Martin (1941) found thirteen cases m the literature and since then others have
been recorded Kilham and Steigman (1942) reported twenty cases of
glandular fever, of which seven developed jaundice , hver biopsy in one of
these revealed acute inflammatory changes resembling those of infective
hepatitis
Dunng the present study twelve patients with glandular fever were mvest-
gated, all showed the typical blood prcture and a posttive Paul Bunnell
reaction  Seven were jaundiced on admission and three were refetred to
hospital as posstble pre ictenc cases of infective hepatiis  There was
therefore, considerable selection i this group and no conclustons can be drawn
as to the frequency of Lver wvolvement m glandular fever The degree of
liver ivolvement was less severe than 1s usually encountered in infective
hepatiis, and jaundice, which eventually occurred in eight cases, was shght
and of short duration  The following charactenstics were observed bdura in
all twelve cases palpable hver in seven (five jaundiced), hver tenderness
1n mine (seven jaundiced) palpable spleen 1n s1x, with tenderness on palpation
in three, tenderness under the left costal margin, without a palpable spleen
m two
Thke occurrence of jaundice was apparently unrelated to any particular
chmcal aspect of glandular fever Four cases were of the anginose type {one
il jaundrce) , of the superficial lymph glands
was found in seven (four jaundiced} persistent fever occurred w two (one
jaundiced) Three patients who were admitted with jaundice presented no
chmiea) features suggesting glandular fever, but therr disease was differenteated
from mfective hepatitis on the basis of the blood prcture and was confirmed
by the Paul-Bunnell reaction
In general, and whether yaundice appeared or not, the symptoms resembled
those of mdective hepatns  The pre ictenc mterval vaned from 4 to 12
days, dark unne was noted i six of the eight patients who became
jaundiced Anorexia was a symptom in twelve cases and occurred at the
?nsct m mine, headache and shivenng were each recorded m mine cases,
N T N T U ) - . .
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imtating generalized papular erythema  In the latter case there was 2

of symp 1 the prod ! stage sumilar to that observed m
some cases of infective hepatitis , headache, lassitude and 1mitation occurred
before the remussion and anorexia, abdomnal pain nausea and vormuting after
1t, associated with the appearance of dark unne

MALARIA

Haemolytic jaundice 15 a recogmized feature of severe malamal 1nfection
In occasional patients jaundwce of the non haemolytic type associated with
biluna and acholic stools, is obsered When both malana and imfective
hepatitrs are prevalent, as dunng the 1943 epidemic 1 the Mediterranean
zone, 1t may be impossible to decide whether the Jaundice 15 due to ralana
alone or to combmned mnfection This problem was encountered duning the
present 1nvestigation  Many cases of malana developed 1n troops returned
from abroad, and amongst the patients referred to us as possible cases of
mfective hepatitis twenty were found to be suffering from benign or malignant
tertian 1nfectton  Jaundice was observed in seven of these cases and 1n four
of them bilirubin was present 1n the urme and the serum bilirubm gave an
abnormally high direct Van den Bergh percentage It was mmpossible to
distinguish these cases from infecuve hepatitis by biochenucal tests The

PR T

I S

of severe nigors at regular intervals was n marked contrast to the shght
and transtent shiverng of snfective hepatiis, headache was more often
generalized mn the malana cases and pain below the left costal margin was not
uncommon On examunation liver tenderness was the rule but palpable
enlargement was shight and was present i less than half the cases Spleno
megaly was occasionally preater than 1n infective hepatitis enlargement to
3 to 6 fingersbreadths below the costal margin bemg found 1n five patients
These distinctive features of malana were not sufficiently constant for the
chimcal differentiation of malana and infective bepatitis mn all cases and
consequently 1t was mpossible n pattents with non haemolyuc jaundice to
decide whether malana alone or a combmed mfection with malana and
infective hepatiis was the cause of the lver disorder

Prognosis
The 1 d the mam p features of 1nfectrve
hepatitis  Chmcal and biochemical observations suggest that comgflxelc
28

G 15 the rule, akkough shght residual symptoms and sgns
;ccism’r weeks or even months after jaundsce has disappeared Persistent
Tver and are the signs of mcomplete
recavery, and tend to be more frequent when exacerbations or relapses have
occurred during the course of the attack The seventty of the onset symptl(:ms
appears to bear no relation to the ultimate course of the disease T cr;
18 no clear evidence on the effects of madequate rest 1a the early stages of
the disease although a number of patients we have seen duning 3 relapse [we::
ambulant during the wmtial attack In a series of cases of y[c’llgwc e';’m
vaccne jaundice Turmer and Jus colleagues (1944) have descnfe :rc i
psychotic symptoms which were regularly followed by death from

'
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necrosis of the Iner  Sumlar mamfestations have been observed m a few
fatal (civihan) cases of infective hepatitis encountered during the present
mvestigation There was m these patients nothing to suggest an unusua]ly
severe attack until mental larly rntability, t and

disonentation, appeated Coma rapidly supervened, with periods of violent
excitement, and death followed 1n a few days Al recent repors agree that
acute necrosis of the liver 1s a rare seque] of 1nfective hepatitis  Duning the
two-year period of this stedy more than 2,000 Service cases of infectnve
hepatius have been notified to us and, apart from the two instances 1n which
plasma transfusion had previously been givett, no deaths have been recorded

Differential Diagnosis
Difficulties 1 the diagnosts of mfectve bepatitis may anise before or after
tbe development of jaundice Duning the pre-ictenic stage the condition 15
commonly mistaken for other diseases which produce sumlar symptoms
In the Middle East, sandfly fever and malana presented the chief difficulties
In the Umted Kingdom the combnation of fever with headache, pam in the
limbs and loss of appetite 1s most likely to lead to a provisional dizgnos:s
of influenza Where digestive symptoms predommnate gastro enteritis 1s
ly d The of fever, severe headache and backache
with granulopenia may suggest typho:d fever Meningitis 1s suspected tn the
occastonal cases where severe headache 1s accompanied by stiffness of the
neck muscles The early appearance of a macular erythema has led to the
chagnosts of German measles Abdominal symptoms at the onset may be so
severe as to suggest perforated ulcer or acute appendicitis and pam and
tenderness m the nght thac fossa not infrequently lead to anxiety even after
the appearance of jaundice A differential white count 1s of value in these
crcumstances since a granulopena 1s usually present n the early stages of
fective hepatitis whilst such a finding makes the diagnosis of acute
appendicitis unlikely
Unless the disease 1s epidemc, recognition of infective hepatitis i the pre-
ictenic stage 1s most difficult except in the rare mstances where a history of
contact 1s obtained The only other symptom of diagnostic value 1s the
appearance of dark unne, for the majonty of male patents nouce this
several days before Jaundice appears It may be possible to establish the
diagnosts earhier than this by using sensitive laboratory tests (Pollock, 1945)
The most valuable of these arc Hunter's test for bilura and the bromsul
phalesn excretion test  In a doubtful case the differential white count may
be of assistance
After jaundice has appeared the common difficulty 18 to distingwish
between nfective hepattis and  extrahepatic obstruction when no
certamn cause for the latter can be found This difficulty can often be
resolved by careful enquiry mto the mode of onset, for the pre-ictenc
symptoms of infectsve hepatitss, though common 1t other infectious diseases,
are not likely to precede an attack of simple obstructive jaundice The age
factor 1s of hmited value 1n detecting the disease, we have admitted to
hospital within a short tune of each other a case of carcinoma of the pancreas

.z man of 36 and 2 patient with infective hepatitts at the age of 63

Jaundice associated with persistent or irregular fever, particularly if this
exceeds 100°F (38°C), 1s rare 1 awfectne hepatiis and suggests cholangitis
or cholecystitis , 1t should also bring to mind the possibiity of glandular
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fever or Weil's disease In the absence of sigmificant

superficial lymph glands the diff d g}[:ctwee; e'rﬂazg?me;etvcorfwtll:;
jaundice and infective hepatiis depends on the blood picture and the
heterophil anubody reaction If pyogemc mfection can be excluded, 2
leucocytosis or shift to the left 1 the polymorphonuclear cell count of a
patient with jaundice 15 an mdication for the specific tests for Weil's disease
A 1e1;cocytosns 1s however, common m the late stages of acute hepatic
necrosis

Treatment

The time-honoured treatment of infectve hepatitis 1s a low fat diet The
rationale of this treatment 1s uncertan, but there are several reasons why
reduction of fat in the diet may appear desirable  The most compelhing reason
1s the repugnance frequently felt by the patient for fatty, or more correctly,
greasy foods, furthermore, restniction of fats might be expected to contrnbute
towards physiols 1 rest for the d d hver although m fact the hver
1s equally concerned tn the metabolsm of other food constituents, there 1s
also the consideration that absorption of fat 1s deficient m the absence of
bile from the intestine, although this taken alone might be an argument for
increasing rather than reducing the amount of fat mgested Anmal expen
ments have demonstrated that a igh fat diet may predispose to hiver damage
but the proportion of fat in such diets has been excessive when compared
with the content of the normal human diet  The mam objection to the low
fat diet 1s the difficulty in restuictipg fat alone It 1s not easy o mamiain
an adequate caloric 1ntake when fats are excluded , the removal of cream,
butter, eggs, cheese and meat fat also eliminates the fat soluble vitamins
although over a short penod of time this may be ummportant Tt also
causes a considerable reduction m essentta} protemn which may, however, be
countered by eddmg skimmed muilk  The mcreased prevalence donng the
second world war of infective hepatitis, homologous serum hepatitts, arseno-
therapy hepatitts and toxic hepattis due fo mdustmal poisons stumulated
interest 1n the relationship of dietary factors to hver damage The relative
mportance of vanous dietary factors n producing experimental lver damage
1s still uncertamn but recent work suggests that a fow protem itake and 1
lar a of the sulphi ds 18 more mportant

m the production of acute hver damage than a high fat diet  Daft, Sebsell

42) showed that i rats cysteme or methiomme prevented the
and Lilhe (]9 ) .- 4!&:,-“! Aate  UWmewarth and Glynn

1dependent
e . monstrated

g
that m protein depleted dogs NECrOSIS Of Le MVEL UL W curvssavand POISOIIIS
could be prevented by methiomne Goodell, Hanson and ngkms (1944')

) found similar protective action agamst the hepatotox;‘l; acuofr: o:l ‘hm;u:xlllarlsizr
1s were by artificial but the Irver-
The conditions of these latter expeniments g ly art e e e
. issessing the
4 15 from the
i 2xmal soon
o ¢ when they
fter the onset and most pauenls die wuu v .

:re admitted to hospital so that it 38 mpossible to obtam 2 largems:rzes ;),f

cases in which treatment 1s started early enough to prevent liver damag:
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the majonty, the disease 1s muld and recovery 1s rapid whatever the treatment.
Finally, even 1f cases of moderate severity are accessible mn the early stages.
the large mdividual vanation n the cntenia used to assess seventy and rate
of recovery would necessitate both a large series and an unequivocal thera-
peutic effect to provide a convincing answer The results of amino acid
therapy m liver disease should therefore be examned most cntically It must
be remembered that the dramatic effects 1n animal expenments have been the
result of substitution therapy and no comparable protein deficiency has been
demonstrated 1 patients who contract infective hepatitis The metabolic
functions of the sulphur-contamning amino-acids are obscure and their present
use 1n man 1s empncally based on a or
of these substances i Irver disease Their practical usefulness, if any, m
nfective hepatitis would he 1n the promotion of more rapid recovery, m a
reduction of the relapse rate and the prevention of the most senous sequelae of
the disease—acute liver atrophy and subacute necrosis

Therapeutic tnals were carmed out during this investigation to determime
the effect on the course of infective hepatitis of methionme, cysteine and of
varying the fat content of the diet Detailed results have been published
elsewhere (Wilson, Pollock and Harms, 1945, 1946) Oral admimstration of
methiorne and cystewne seemed to accelerate recovery, but the differences
between treated and control paucms were slight and their statistical sigmficance
was not fully that these sub will prove
of practical therapeutic value hut further tnals with them might help to
clucidate some of the problems of liver metabolism Companson of the
recovery rate on diets of different fat content indicated that a low fat diet
had no discoverable advantage and that generous diets high i fat content,
were acceptable to the great majonty of patients
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HL BIOCHEMICAL OBSERVATIONS
by
M R Pourock MB

THF nature of the biochemucal studies 1 this 1nvestigation has largely been
determmed by the 1mmediate requrements of the Jaundice Team In
particular, these requirements have been

{a) a means for the deteetion of cases of infective hepatitis as early as
possible 1n the course of the disease, 1€ 1 the absence of Jaundice,
(b) a method for the assessment of hiver function, in order to determine

and compare the efficacy of specific treatments
A method of deteching cases 1 the absence of jaundice would bave especial
value 1n studies of the eprdemology of the disease and 1t would facilitate
the collection of infective samples of blood and excreta for transmission
The bioch 1 studies have therefore developed marmly along

two limes
(a) an mvestigation of the stage of the disease before the appearance
of jaundice (pre-icteric stage), and of cases who never actually
develop jaundice (sub icteric cases) ,
(b} exanmnation of liver function in patients durng the acute stage
of the dsease and m early convalescence while 1n hospital
For (a) the need was mamly for simple tests which could be performed
large numbers, since the patients and contacts to be studied were numerous
and had usually to be investigated during an epidemic mn their homes or
For (b) the was a reliable test of lver function
which could be frequently repeated on the same patient and which could be
performed sattsfactonly i the presence of Jaundice
Qur experience has not included many seriously 11l patients swce these were
rare, and the biochemical results refer mawmly to what can farly be called
the average case I have d of repeated with
only a few tests of sumple technique, on a large number of mild or moderate
cases of the disease  Until very recently most of the brochemical work on
snfective hepatitis has not been systematic, but rather mn the nature of com
paratve studies of the more severe cases, or mvestigations on the differential
dragnoss of Jaundice and the relative value of varous liver functron tests
The approach chosen was designed to help 1n the elucidation of the relation
ship of jaundice to the pathology of nfective hepatiis  Why, m fact 13
there retention of bihrubn mn the blood and what 1s happening to the Tiver
before jaundice appears?

Details of the Biochemical Tests

Normal mean Adopted upper
Test and technigue value limit of normal

(1) Serumbilrubin Malloyand Evelyn(1937) 047mg per 100ml 1 3mg per 100m)

Direct quantitative Van den Bergh reaction
@ Mod‘l‘ﬁcauon of Malloy and Evelyns
method 10 which the meensity of the 0
colour developing 1 munute after ad 5
dition of the diazo resgent to the
serum 18 expressed as a percentage of
the total final cofour developed after
further addition of alcohol

70
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Normal mean Adopted upper
Test end teckmque ralue it of normal
(3) Unne bilirubin Hunter's fest negative trace
Tod tast negative negative

(Huntet's test 13 approumately twenty
times more sensiuve than the jodne
test)

{4) Unne urobilin lnd urobitnogen
Spectroscopic test + +4+ (equivalent to 2
- positive  Schlesinger
test at a unine difution
[ onmsulpha]cm excretton test
g /Kg_body weight dose  Esti

mahnn 5 percentage dye retention trace
n kn\m 30 minutes after mtravenous (<9 75
inye

) Inlmvenoux hippunc acd test  Quick (1939)
'7 g dose of sodium benzoate given not 080g sodwm benzoate
mxmvenously Estmation of “hip- estimated w1 hr
puric acid synthesized and excreted 1n
the first hour following the myection
Full details of the above tests with cnticisms, normal standards and some
values obtamed 1n other diseases have already been published (Pollock,
1945a, ¢} The tests were carefully chosen after an exhaustive search m the
hterature and some practical expenience dunng the first months of work
Hunter's test and the bromsulphalein excretion test were used dunng the
pre-ictenic ‘stage and convalescence only , the hippunc acid test (HA) was
only practicable in hospital and thus rarely performed i the pre-icteric stage
It was, unfortunately. not often posstble to obtan admussion of cases to
hospital before the appearance of jaundice and our mvestigations on the pre-
wctenc stage were usually done on different patients from those available
for tests duning jaundice and convalescence

Pre-icterzc and Sub-icteric Cases

A complete account of our findmgs dunng the pre-ctenc stage of §3
cases of infective hepatitis has already been published (Pollock, 1945a) Results
of the bromsulphalemn excretion test (97 per cent positive). Hunter's test
for bilirubtnuria (86 5 per cent positive) and the 1 min direct Van den Bergh
pereentage (90 per cent positive) suggested that hiver function was deranged
m most cases a considerable time (up to 10 days) before the appearance of
jaundice and often very shortly after the onset of symptoms Moreover, these
tests were found 1o be of considerable assistance 1n the early dragnosis of the
disease It 1s true, of course, that the tests are also liable to be positive
certamn other diseases malana and infective mononucleosts, for example,
qutte often gave rather simlar resulis, and were also hable to be confused
chnicafly There seems now fittfe doubt that the biochemmcal simifanues
between the three diseases are due, at least 1 part, to the fact that hepatitis
may occur 1n all  Kilham and Steigman (1942) have descnbed an acute
hepatitis 1n matenal obtamned by liver biopsy from a case of glandular fever,
and Cobn and Lidman {1946) have produced biochemucal evidence of ner
damage n the same disease There are several reports of abnormal liver
function in cases of malana The bromsulphalein excretion test 1s, moreover,
lable to show gbnormal retenuon i diseases where there 1s no other evidence
of Iiver dysfunction Here the problem appears to be one of adopung a satis- L.
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factory standard of blood retention + if this 15 fixed too low, the test 15 not
of much value for diagnoss

Further findings m the pre-ictenc stage have been a serum bihrubm and
unne urobihn-plus-urobilinogen within normal himuts until very shortly (2 to
3 days) before the appearance of jaundice ‘This 15, no doubt, partly due
to their very wide normal vanations, but 1t also seems that the liver’s reserve
powers of excretion for the two substances are not usually exhausted until
the disease has contmued for some time Although both tests have been
commonly used 1n the past for diagnosis of mfective hepatitis, 1t does not now
appear that they are comparatively of such value as a sensitive test for
bilirubinuna  In addition, excess urmary urobilin was found to eceur almost
as fi ly m a 11 group of “ hepatic” diseases  Very
similar results have been obtamed by Gellts and Stokes (1945) usmg the
methylene blue test for bihirubinuna, and by Barker, Capps and Allen (19452)
who also found, amongst other evidence of liver damage m the pre-ictenc
stage, bilirubinuria and positive bromsulphalein excretion tests, and a pormal
serum bilirubin until shortly before jaundice , they also mention the useless-
ness of tests for urne urobilin m early diagnosts It does not seem that
Hallgren’s (1942) claim 1o have demonstrated hiver damage 1 the incubation
period up to 3 weeks before jaundice, purely on the basis of raised serum
bilirubin values, 1s justified

The problem of sub-icteric cases of mfective hepatitis 1s closely sumlar to
that of the pre-icteric stage There app;ars ‘to be 2 ia\r}y gcneril beltef 1
their but d as to therr fregs n one
epidemic {p 38), out of 85 cases with typical symptoms we found 7 {Pollock,
1945a) which gave abnormal liver function tests but never developed definite
jaundice  Altogether 13 such cases have been investigated In general, the
picture was like that of the pre-ictenc stage of an ordmary attack without the
ensuing jaundice, and was characterized by blllr\lblﬂul:li{ (often v‘er}: consider-
able), an abnormal dire  * - Bt s e
teont test, and 2 scéunl:(

reparted by Barke
‘lvjepmtdl praccem]y,y estimations as to their frequency lay between 16 per cent
(Williams, 1923) and 9 per cent (Bates, 1936)—figures of the same order as
ours, but Gowen (1945) has claimed, on the dubtous evidence of ra‘x‘sed values
of the serum wctertc ndex, that cases without jaundice, including *“ asympto
matic subclnical cases,” may be 8 umes as frequent as those with jaundice
Even Barker ef of (1945a) state that sub-ictenc cases are 2} tunes as mmn:lmel
as those with jaundice  These large discrepancies are probably Pamyd :a
(o lack of sufficiently sepsitive hver function tests on the one hand, an it
(o0 great & readipess 10 diagnose sub-icteric cases on the other  The )cx:tcnc o
we have used for their diagrosis has been the combined presence of (&i f YP;”O_
symptoms, (b) hustory of contact with a known Oa:"dl“d) case :nsomce)whal
ehemical evidence of liver damage A‘ll_h_oflg_h‘ .t-ls ncfnfizrﬂﬁleq“mcy‘ the
r cent reten-
used for the

. s

stage further
an outbreak
hout jaundice
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but n the absence of symptoms Hunter's test for bilirubinuria was used on
17 child contacts thrice weekly for 10 weeks, positive results were obtaired
1n 3 chidren m the absence of significant symptoms, and, i one further
case a posttive result was obtamed 2 days before the onset of symptoms
Control tests on 32 other children of the same age n two other nursenes
were uniformly negative over a period of 4 weeks

Dufficulty 1n the diagnosis of these subchinical and sub ictenc cases must
remam one of the possible factors 1n the spread of the disease  That they
exist must be accepted as proved, the only uncertainty 1s thetr frequency

Later Stages of the Disease

‘The progress of the disease after the appearance of jaundice has been
described by other workers (Culhinan, 1938, Cameron, 1943, Barker ¢f al
1945a, etc) and there 1s no need to present a full account here Qur general
findings have supported most other work The serum bilirubin nises rapidly
to a peak and falls, at first rapidly and then much more slowly, and gradually
returns to normal The degree and extent of bilwubinuna approximately
follow the hyperbdirubinaemia, but usually a few days m advance, 1e bili-
rubinurta first appears before the mse m serum bihrubin begmns and has
usually disappeared before the serum bilirubin reaches normal himuts 1 con-
valescence (sce Table 34) Excess unnary urobtlm and urobilinogen occurs
at the same time as the beginnmng of the nse i serum bilirubin, and again
duning the pertod of rapid fall in serum bilirubin, the intervening penod beng
charactenized by absence of unne urobihn and the presence of pale-coloured
stools Cases vary widely 1n duration and seventy, and relapses may occur
at any ime  In our expenence these relapses may be anything from a slight
clinical setback wath httle or no biochemical change (or vice versa) to a
complete second attack often more severe than the first  They appear to show
Just the same range of seventy as primary attacks, and nises 10 serum balirubin
may or may not occur, but an increase 1, or retumn of, bitrubmuna s
almost invanable  Similar findings have been reported by Geths and Stokes
(1945)

TABLE 33
Relation between Serum Bilirubin and Disappearance of Biirubin from Urine in
Convalescence
Mean level of serum
Maximum recorded bilirubin® (with stan- | DIS E cases
Test serum bilirubin No of cases | dard errors in brackets) } above and below
mg per 100 mi ) when text for bilirubin- § 80 mg per
una became negatne | 100 mi
(mg per 100 mil)
Abpve 89 37 S5(+ 05D
Todine 380
Below 80 25 31+ 020
Aboye 80 25 20 (= 0169
Hunters 277
Below 80 30 14 (£ 004)

* Bilirubin values were cstimated from the curves by interpolation (where necessary
between the nearest recorded results at a tune half way between the Jast posive and the fin
of 3 negative unine tests
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It 15 clear that the serum bihrubin level 15 not a satisfactory measure of
hver function, since considerable liver damage may be present without any
sigmificant rise 1 the serum bilirubin, and 1n any case the bilirubin excretory
function should be assessed on the rate of bilirubin excretion from the lver,
which 15 more closely related to the rate of nse or fall of the serum
level than to the serum level itself  We thus might expect maximum liver
dysfunction to occur before the peak serum bilirubin level 1s reached Use was
therefore made of the mtravenous ppunc acid test (Pallock, 1945c) which
was performed at least three times on each of 81 patients, on admission to
hospital, a week later and shortly before discharge The results, which are
summarized in Table 35, show clearly that there was significant mprove-
ment m hppuric acid synthesis m all groups dunng the first 6 days after
admission to hospital In the more severe cases admatted relatively early
mn the disease (Subgroup (1) in Table 35) there 1s a suggestion that this

p with a Tise 10 Serum bilirubin, the mean
value increasing from 95 to 1245 mg per 100 ml dunng the same penod ,
but although this undoubtedly occurred 1 individual cases, the mncrease 1m
serum bilirubin was not great enough to be considered statistically significant
The hippuric acid synthesis, 1n fact, bore some relation to the stage of the
disease and the seventy of the attack, but was only indirectly related to the
serum bilirubin level  The conclusion 1s that maximum damage to hver
function probably occurs at the end of the pre tctenc stage or very shortly
after the onset of jaundice

Recovery of Liver Function i Couvalescence

It 15 a matter of some importance to assess the extent and persistence of

residual hiver damage following an attack of mfective hepatitis Unfortu-

nately, findings on the subject have been to some extent contradictory HA

tests on 81 pattents shortly before discharge from hospital {on an average

about 4 weeks after admussion) showed complete return of the majonty to

normal function (Pollock, 1945¢, these results are summanzed in the last

Y r o i eact ma

section of Table 35) 1In ac 3 ]
used on 28 patents withn 4

mi , only 6 gave reteluy o« .
2 ;fut)}?cse [ wer'g mglh: early stages of a defimite relapse On the whole,

he bromsulphalem test to normal was remarkably rapid A
;E:t}::rmsmms: :)f 14 were (is(cd at times varying from 36 to 170 days a{tctr
the serum bilirubtn level had reached 20 mg per 109 ml, and only one patl;u
had a retention of more than 75 per cent Hunter's test and serum butrubin
. n a larger number of cases on return from convalescence (usually
admssion) failed to shgvlv a;y abl:ormahty 0:?123'

egative Serum bilirubm estimations

rubinone ;ersl!sv;)u: 7ofw (§r6: ;lé npegxfo 100 ml (very shghtly above the normal
e af"(‘) :7 mg per 100ml), 4 were above 10 mg per 100 ml and 2 above
e r 100 gx] but a subdivision of the group mto those with shg);;
b4 mgl is)cm toms o‘r tender livers (30) and those with no complamté (:
mi‘eda‘;:d z’a %xﬂcrence between the mean serum brlirubin values (060 mg
1

both subgroups) Tiver damage
per 100 ml m wever, found mdications of persistent Iiver 8
Other wo]:ke(‘;s‘s}e‘::: i hgcﬂ] Renme (1943) and Gordon (1943) usmg '?;
fon‘qvgﬂi ‘t;l have produced evidence suggesiog a much slowet return
ora

estymations o
from 6 to 8 weeks after
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normal  Soffer and Paufson (1934) and Kornberg (1942), usmg the highly
sensitive bilirubin excretion test, clam to have demonstrated Iner damage
~n 80 per cent and 63 per cent respectively of old cases of “catarrhat
jaundice™ up to 18 years after the attack Noth and Loew (1943) claim
10 have detected hver damage m convalescent cases of “acute hepatitis™ by
means of the collodal gold fest after the bromsulphalem test had become
normal  Recently, Barker, Capps and Allen (1945b), basing their diagnosts
on both clinical and laboratory findings, have teported the presence of a
“chronte hepatitis™ tn 76 out of 431 patients 4 months or more after the
onset of an attack of acute mfectine hepatitis

It must be admutted that the question of hver damage following mnfective
hepatitis 1s stfl Residual d: 1s probably small in the
majority but may come to have some sigmficance 1n the presence of other
disease It sull remams a semous possibility that a proportion of cases *
never fully recover and may later develop a subacute or chromic cirrhosis
with ulimately fatal outcome

The Direct Van den Bergh Reaction
Ever since Van den Bergh made his famous discovery of the difference
between the so-called direct and indirect reacting bilirubins of the blood,
= =¥ mooenl ok become a useful
' ' mism was due to
t or not there are
' a exhubiting res
pectisely a direct and mdirect reaction 15 a daterence in the fate at which
the bilisubin present reacts with the diazo reagent to produce the red azobili-
rubin pigment  The nature of the reaction must therefore, 1f 1t 15 to mean
anything, be expressed as a rate and nof as a quantiy Recently the true
sizmificance has come to be realized and the drrect reactton 1s now more
commonly beng expressed as the proportion between the mntenuty of colour
developed 1n a standard e 1n the absence of alcohol (or other catalyst) and
the tota} colour developed after addition of alcohol (Lepehne, 1942, Duca
and Watson, 1945) Ths practice 15 altogctkcr more sattsfactory than attempts
o measure quantities of “direct bmrubzg or wfx?wf,'?f.'f‘;f’,‘?f,?ﬁ’:"'
quanmanvely 1n numbers of plus signs ‘3
direct reaction most com¥?‘nl)‘" ih’(;ls;n { d

&

2 g;ve menhe:l‘mr:::;‘smeasurc of the imtial speed of the reaction between
s then, A o seapent  normal standards ¢an be established m

.

there 15 TeldUvELy lhue wus
et a1 tion and the serum bilrubia level, with the

patuis, low VdB values { < 20) are very

[ronu

ration

tspecd of the direct Vd B reacl

e s mfec:;veahreaxsed fotal biirubin content

ey mungfol:msm: z‘; mgdnem. reacting to direct reacting blhmhg: lsxw’dtegl‘)i,
e '{;aen 1 exclugve function of the liver Tt mught, (hcrgfore, o: I:;im

batd t0}1 gu’etﬂ VdB reacton could act, m the absence

that the
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hepatic obstruction as a hver function test It mught be argued, for
ostance that an abnormal direct VdB reaction 1s an mdication of the
presence 1n the blood of the abnormal “ direct ™ bilirubin and that this means
the hver 15 falng to excrete 1t as fast as it should While this 15 a
possible explanation the problem 1s clearly a good deal more comphcated
and 1t 13 preferable at present to withhold a definite opmon

cmsE 1

(P19 pom 00 mL)

R
3

+
3
C i DIRECT vanm oem acacw (Fercontope)

X
B

Seavrr mriravan

oavs SarER @oMIST ON

e amie a4 s
e o 0 acer v okm semen
. o Ao e -
oo oc ffT e n g SN s e biee o)
. LR BT AT el
cee e e H AT
o

Results obtained, using the 1 mn VdAB percentage during the pre
\ctenc stage have already been summarized (Pollock 19453} Values of 25
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to 40 per cent were common The mamn interest 15 that a quakitative change
of biirubin from the ndrect to the direct type preceded a quantitative
increase i total bilrubm

Serial estrmations of both the VA B reaction and total serum  bilirubin
have been made from once to twice a week throughout the disease 11 over
100 patients 1t 1s not possible to analyse these results satisfactonly as a
group, but 3 cases are illustrated 1n Fig 15 Values of from 40 to
55 per cent for the [ mm direct VAB percentage were usual for the
early part of the ictenc stage and there was a gradual decrease as the
pattent 1mproved, although fl was derable The peak VdB
percentage occurred most frequently before the maximum serum bilirubin
out of 32 cases admitted with nsing serum bilirubn, the peak Vd B value
occurred before the peak bihrubin value n 21, was comncident 1n 9, and
occurred afterwards in only 2 Dunng convalescence, abnormal Vd B
values persisted for a surpnsingly long time, usually many days or weeks
after the total serum bilirubin had reached normal hmts Table 36 sum-
manzes a of the two n the period after the bilirubin
level had reached 20 mg per 100 ml It can be seen that after fifteen
days 31 out of 38 patients had a total serum burubin within normal Limits
while only 2 had a normal VA B reaction  Even after thirty days, 22 out of
52 had abnormal VA B values

Bilirubinuria
One of the most interesung facts that have emerged on the biochemucal
sde of this investigation has been the relative independence of bilirubinuna
and hyperbilitubinaenma It was at one ttme thought that there was a
renal threshold for bilirubmn at a blood level of about 20 mg per 100 ml
However, Rabinowitch (1932} showed that bilwubm could appear i the
unne while the serum biltrubm Jevel was normal, and our findings during
the preictenic stage have clearly demonstrated that no apparent renal
hold was op Tt has been suggested that this may be due to renal
damage but there 1s no real evidence in support of this  As a rule renal
damage has only been found 1n severe cases of mfective hepatitis, and urea
clearance tests performed on ]12 ;msclectcd cases on admussion to hosprtal
c) all gave normal values

(P(/’{Il(t’)fgl'xgl:ﬁ))qu:ugnmuve estmation of total unnary excretion of bilirubin
was possible, 1t was faily clear that the curve of the nise and fall of bili-
rubinuna 1s chronologically 1 advance of the serum bilrubin curve Another
way of expressing the same fact would be to say that there 1s much %reater
bihrubinunia at any given serum bilirubm level whfn the serum bihrubin
ng This “discrepancy ™ 1s even more marked

15 nising than when it 1s fall A further pomnt of
+ thrubmuna 1s compared with J_a_v.mdlce mlf:_nslly - - l-llfl umplc.v.l at

W oun be ey o
bin level above 80 1mg. per 1uu M, Lo
max’lﬁl;:‘m:e;::nﬂle:‘tlly negative at @ mean serum bilirubin of 20 mg per
e those with peak values below 80 mg per 100 m! the corres-
0wl s 14 mg per 100 ml In one severely

ponding servm bilirubun ﬁgur:h:v %dxrubmuna ceased at a serum bilrubm

1‘;\1::;1ngdac:s‘c‘.‘gfo;;nsltggc;.ﬂ‘ a5 compared to 05 mg per 100 m! mn a
9
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patient with a mild attack who barely developed any jaundice at all In
other words, the renal excretion of bihrubin depends upon other factors
besides the serum bilirubin concentration

Bensley (1933) states that bilirubinunia appeared to be associated with a
posttive direct VA B reaction, and With (1943) maintams that there s no
renal threshold for “direct” bilirubin At first sight our results, usmg the
1min VdB percentage values, appear to confirm this powt of vew During
the major part of the disease bilirubinuna and the durect VdB reaction
appeared to be closely related  They were both posittve during the pre-
tetenc stage—in fact, no patient at this period was found to have an abnormal
VdB reaction without concomstant bilirubinuria—and they both probably
reached their maximum values together, before the peak serum biirubin was
attamed  In convalescence, however, there was a divergence, and abnormal
VdB reactions were repeatedly found n the absence of bihrubmunia  For
tostance, no patient was discharged from bospital before three consecutively
negative Huater's tests for bilirubinuna had been obtaned, while about 50
per cent were found to have lefe hospital with abnormal Vd B results
Even 1f the bi 1 VdB m ¢ il 1s not a
of a damaged hver but stmply due to the continued dramnage of abpormal
bilirubin from the tissues back into the blood, 1t would be expected to be
assoctated with some detectable bilirubinursa if Wuth's hypothesis 1s correct
The solution to the problem of biltrubinuria and the ditect Vd B reaction
remains Jargely unsolved This does not, however, detract from the use of
sensitive tests for bilirubmuna, such as Hunter’s test or the methyleng blue
test, for the detection of hiver damage in the absence of jaundice, ther
simple techmque has made them of considerable value both as hospital
discharge clearance tests for the early delec:uonA of refapses and mn the

of contacts or cases m

Discussion and Conclusions

ns on hver function are notoriously dangerous  Apart from the
fac(t:o\?g:l ssxg ls\v.le 15 known about the normal physiology of tl}: lwver, s::;c
s are continually and often justifiably being entertaned that even
plc’rznm utable liver function tests may be mfluenced by factors apart from
?l:g hvcrp jtself The mamn question 15 how much can'blvochemxtf:al ;}wc;f/le
gations contribute to the und of the p A of u enc: ve
hepatiis? Objections have on occasion been expressed against every Ob
o ts used 1 this mvestigation the HA test has been accused of bemng
:.heknl;;:y function as well as a hver funcm;’n tclst, a(lh’? b{imlnasgllgligh\::
ed as bemng “ unphysiologic: and
excr:uondte!s)t hsis?::l:mcxgct;urzxf l;:: whfle retlx)culo endothelial system, the
mﬂucncel byn level and bilirubmuna are, of course, affected by any mre]n;'-
?;:anebuﬁ ‘the outflow of bile into the intestme, and the d::ccx:a:l/xrda]ly
e d: d that an P
T o s‘ﬁ‘azs:ugifﬁuy It would be pos)slnble to multiply such Ob{:lc
T definstely and 10 a sense they must be accepted as reasonal es
uons almost mf certamn safeguards are taken and the limuts of the v;nogf
N o eciated, their wse may be qustfied  In the present' it: yand
R s we have therefore attempted to build up a terln1 a:‘J e o
nfective hepla‘tl; peture of the probable tiochemmeal course of the disease,
ng ,?cgr[:g, ecertam practical conclusions
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Any such study 1s based on the firm foundation of the hver biopsy
findings of Roholm and Iversen (1939) and Dible, McMichael and Sherlock
(1943) The existence of a true hepatitis with early and widespread dis-
orgamzation of hver structure and cell mtegrity 15 now established  Recovery
appears 1 most cases 1o be rapxd and comp]:tc As far as it goes, the

supports the h Earl

findimgs suggesl that damage to the Iner occurs shonly after the onset of
symptoms The mam pathological changes are 1 the Liver and they appear
to occur early, some tme before the appearance of jaundice or gross
biluria  The second conclusion 1s that maximum hver damage occurs before
the peal serum bilirubin value is reached, and, from the pomt of view
of the chimcian, eatly 1n the disease—probably about the tme of onset of
vistble jaundice or very shortly afterwards Here the objection may be
ratsed that hiver damage 35 difficult to define, and that different liver functions
may be dissociated from one another Maximum hver dysfunctton mn
relation to HA synthesis, for instance, may well occur at a different trme
from maximum derangement of the liver’s bilirubin excretory power Dible
er al (1943) have recorded the presence of so-called * bile thrombi” m the
bihiary capularies and suggestions hawe bccn made that Inhrubm retention
may be due o some Tather
than to a metabolic defect in the excretory abihity of the hepatic parenchyma
One of the more remarkable facts about infective hepatitis 1s that the appear-
ance of paundice so often comcides with clinical improvement This
apparent association 15 probably a reflection of the fact that jaundice usually
only becomes manifest towards the end of the acute phase of the disease
which 1s stself not commonly protracted But 1t would appear at first sight
to afford support for me |dea of dlssoclalcd Iiver dysfunction and to fit
n with the 1s due to internal hepatic
obstruction following on as a later stage of Iner damage which began as a
purely metabolic disorder It 1s possible that this 1s so  Qur only contention
1s that 1t 1s not, on the biochemcal evidence, necessary to assume any such
dissociation of function In the first place, the presence of birubipuria
in the pre-ictenc stage suggests a defect of the Iner’s bilirubin excretory
function early in the disease In so far as there 15 evidence that bromsul-
phalein 15 excreted by the liver i a similar manner to bilirubmn (Dragstedt and
Mills 1936 Rosenthal and White 1925) the results of the bromsulphalem
test also support this view  The conclusion concerning the peniod of maximum
liver damage, made on the basis of the results of the HA test, is consistent
with the findings dunng the pre ictenic stage 1t has aiready been shown
that the discrepancy between the serum bilirubin curve and the improvement
w HA synthesis 15 not so great of the rate of increase of the serum bilirubin
concentration 1s taken as the measure of bilirubin excretory power nstead of
the actual serum level

Tt 1s much less easy to express an opmion on the progress of hiver repawr
during Qur own as far as they go, suggest
a rapid recovery 1n most cases to full function  But there 1s much evidence
that Iner damage can persist, at least 1n some cases. for many months, and
the problem awaits further elucidation

A schematic summary of the biochemical course of the disease is guven am
m Fig 16 It has been drawn from the study of different stages 1n different
wdivduals and 1s only intended as a probable approximation  In partt *
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ORYS RETER ONSET OF SYMPTOME

Fic 16 Diggrammatic Summary of the Course of an Average Case of
Ifnfectwe fepatuis @ Composte Picture fased on Results
obtained from Different Tests at Various Stages of the Disease

tn nearly 3 ases
(Ugpper lmits of normal, 1f not comncident with f.he) base Line,

are roughly indicated by the broken horizonta) hines.

the curve of “ liver damage " must be regarded merelv as a reasonable guess
based on rather hmited evidence From a biochemical pomnt of view the
disease appears to be primanly an acute affection of the liver in which the
liver becomes 1volved not long after the onset of symptoms  Liver dysfunc.
uon rapidly increases until 1n most ¢ases, the reserve for bilirubin excretton



BIOCHEMICAL OBSERVATIONS 83

. " e - . e vy a

. . . . .
ubin excretory feserve 15 never exhausted and po mse m serum biirubin
ever ocours The diagnosis 1s hikely 1o be delayed i most cases until jaundice
18 apparent, 1¢ untl the hver 1s well on the way to spontaneous recovery,
unless spectal efforts are made to detect the disease in the pre sctenc
stage  Subeicteric cases may be missed altogether  Speaific treatment can
hardly be expected, therefore, 1o bave any stnkmg effect unless cases are
diagnosed some time before the appearance of jaundice. The greatest practical
contribution that biochemustry can make to the treatment of infectne hepatitis
therefore 15 to assist n early diagnosis
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1V. HAEMATOLOGICAL INVESTIGATIONS
by
J AR Mies MB

INVESTIGATIONS of the blood picture 1 mfective hepatiis (usuall
name of catarrhal jaundice) have been reported Imri urm:(m f.mye"s?::; :::
beginning of this century but the figures given of the early 1mvestigations
strongly suggest that cases of leptospiral jaundice were included The first
paper gving the results of a considerable mvestigation of the blood picture
after the differentiation of eprdemic mfective hepatitis by Cockayne (1912)
15 that of Jones and Minot {1923), who give a detailed account of changes
1n both white and red counts Thewls and Middleton (1925) made a further
mvestigation and since that time various other accounts have been published
In the present mvestigation the results of white cell counts on 30 cases
{from various sources seen before the onset of jaundice are reported and the
restlts have been analysed with special reference (o the value of the blood
picture 1n early diagnosis A follow through of the white cell count i the
first 80 adult male military cases seen before the fourteenth day of the disease
and observations 1n the acute phase of others are described while vanous

observations on the trend of the h i! level and erythrocyte count
-1 ten L Afiha »wmrmu
Control

Methods

Except m pre ictenic or other cases 1n which the diagnosis was 1n doubt
when blood was collected as soon as possible venous blood was taken from
patients after breakfast between 930 and 1100 am the blood counting
pipettes bemg immediately filled directly from the needle and films made on
3x11n glass shides m such a way as to give free edges on esther side  The
differential count was done on 300 cells except where 1t was not possible to
find so many, by a * count as d by M Ruchards
and Loh (1940) Haemoglobut estumations were done by the usual Haldane
torhmone usine a NPL cahbrated mstrument The accuracy of h'aemo

1t a

of day and by the same technique on MUVILUdLs Wiy uus wow
exerase that day and who had m most cases been siting down for at least
15 1o 30 minutes belore they were bled  Further counts on 125 normals {mostly
young men) were analysed to find out how often plasma cells and other
abuormal types of cell appeared and to discover how many might be present
i any one film These Jalter counts were taken at any time of day and
not necessanly under conditions of rest, they mnclude the 21 controls
alysed more full
arlS!{;mal puncmre}; were made with a Salah needle 1 1 below the junction
of the manubrniem with the body of the sternum approxumately 02 ml
of marrow was removed and films were made directly from this materal
dsfferentral counts were done on 500 cells  The actvity of the marrow was
judged from the fattmess apparent ceflulanty and the proportions of various
types of cell No total cell counts were made

84
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Sedimentation rates were measured 11 Wintrobe tubes using the ammomnum-
potassum oxalate muxture advocated by Wintrobe and Landsberg (1935) and
the correction chasts for vanation 1 the percentage volume of packed R BC
made by Whitby and Hynes (1938) The volume of packed RBC. was
obtamed by spmnmng to constant volume at 2,000 rpm which m a group
of 18 normals gave an average mean corpuscular volume of 87 ¢

Lencocytes

The descrnption of the results of white cell counts has been separated mto

a description of the pre 1ctenc and icteric phases, smce the matenal mvesti-
gated 1n these two phases 1s not comparable

PRE-ICTERIC PHASE
Infective hepatits differs from the majonty of infectious diseases m showing
1ts most charactenstic blood changes early m the disease and by begmnming
to return towards normal by the tume 1cterus becomes apparent clmically
Etghteen of the cases considered here occurred 1n an outbreak in a mental
mstitytion, a further 8 came from vanous civihian outbreaks and only 4
were 1o Service persornel  Sixteen cases were females and 10 were children
between the ages of 7 and 15 The figures of the vanous cases did not show
any differences between these small groups
Details of the mdlvxdual countts on pre-ictenic cases and sub-ictenic cases
alirubin are given m
- - es for the means and
Table 37, compared
with the means of a group of 21 control counts done using the same techmque

Total White Blood Cell Count

The total white cell count of 23 pre icteric and early sub-ictenc cases when
first seen varied between 8,400 and 2,700 per ¢ mm with a mean of 4,790
as agamst 6,530 i the group of 21 normal controls These controls are not
strectly comparable with the pre tctenc cases, and statisucal analysis s not
ustfiable  No less than 17 of the 23 counts were under 5,000 Only 4 of
the 23 cases had more than one total count durmg thc prc-xctenc phas:
and thev da nat chaw any rlerecsnt trand  In +ha &

m the pre ictenic phase had they been seen equally early

Polymorphonuclear Neutrophils

In the same senes of total counts the mmean total neutrophil count was
2430 per ¢ mm, with Lmits of 6040 and 920 Eighteen of these counts
were below 3,000 The mean figure Ior (he commls was 4,120 per ¢ mm
The mean of counts was 51 (as
agamst 64 1n controls) with cxu’emes of 82 and 27 Twenty three of
these showed less than 60 per cent. neutrophils and 17 less than 50 per cent

The total neutrophil counts of the 3 cases showing over 70 per cent neutro-
phids M1 3, C 3 and EC 4) were 6040, 3450 and 3270 per ¢ mm,
respectinely  The first of these patients had Flexner dysentery as a complica-
tion and the second had an onset with sore throat.

m
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In addition to the neutropenia there was a transient shuft to the left 1 the
neutrophifs with an increase m unsegmented cells and with the occasional
pp of 1 m the peripheral ! The followmng count
taken on the 8th day before the onset of jaundice, the day after the anset
of symptoms, 1s typcal total WBC 4,600 per ¢ mm , neutrophils 50
per cent (2,300) divided 1nfo unsepmented celfs 19 per cent and segmented
31 per cent  In the film showing the greatest shilt to the left, unsegmented
neutroplels made up 38 per cent of all white cells while segmented forms
were only 18 per cent  This increase in unsegmented neutrophils had usually
disappeared within one or 1wo days after the onset of jaundice

Lymphocytes

“The perceatage of lymphocytes s the majonty of pre sctenc cases was
above the commonly accepted normal himits, although the mean totat figure of
1,630 per ¢ mm. was below that of 1,930 i the controls  The Limits were
37780 to 570 per ¢ mm, 2 cases showing counts above 3000 and 4 below
1.000

‘There was, bowever, a very definite shift towards a predommance of young
Iymphocytes, with an absolute mcrease mn large Jymphocytes and an absolute
decrease 1 small lymphocytes  In this senes of cases the rato small  large
tymphocytes was 275 1 (houts 43 to 13) as agaast a normal of 382 1
(unts 65 to 3) found by the same observer More than usual of the Jasge
tymphocytes showed remnants of nucleoh and sometsmes typical lymphoblasts
were seen, although cells wese not diagnosed as such so often as by Thewis
and Middleton (1925) The large Iympbocytes n most cases contained
numerons azurophil granules and mn a few these were very farge (up to 2 ¢ 1
dameter) The increase 1 young lymphocytes was fess transient than that
wm neutrophils, and s course is described farther on p 95 The mean

b was 33 28y wnh hmts of 49 to 13
ymp! P
21 of these 30 pre wctenc and sub ictenc cases the percentage was over

;3 while 10 3 cnly was ut below 20

Monocytes
bt hike the P were more n
hThcre 1ctcncJ cases than 1o the controls and the mean figure of 11 per
: e:p(conu'ols 6 per cent) was the Mighest found at any stage of the
:‘:’:n ase but the mean tota} count of 430 per ¢ mm was hardly different
i:z:n that of the contrals (400 per ¢ mm}) and much than the figure

erc mm 1o the earlt . 4
Of'ﬁ?,pwm figures vanied “0 and 80 white the

percentages extended from + 10 per « ﬂ::n;ie;
present 1 19 of the 30 mss al o
seen 1 Leishman and Gs s buta u“ y
Jasnuc yacuolanon. This ‘,‘ most It 3
‘thrc marked nse 1 ¢ s
E * Basophils
betweent N

; between 2

oo hepatiis

a
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TABLE 38

Pre scteric and Early Sub wcteric Cases  Means and Extremes of 23 Total
W BC Counts* compared with 21 Control Total W BC Counts

! Total Abroemal
Group Count | BBC |A hete |1, Mornocytes | Jeucocytes
{per ¢ (per ¢ (per ¢ (per'e (per ¢
mm} ) mm) rum} mm)y
23preictenc| Mean 479 2430 1630 430 170
an Maumum | 8400 6010 3780 1100 410
sctenc cases | Mimmum | 2700 920 570 80 20
Mean 6530 4120 1930 400 |occasional
21 normat | Maumam {11 300 §350 4330 850 30
controls | Mimmum | 4500 2760 1120 170 [

* Tota] W B C counts were only available for 23 of the cases shown 1n Table 37

TABLE 39

Pre-ictersc and Early Sub icteric Cases  Means and Extremes of 30 Dyfferential
W BC Counts compared with 21 Control Differential W B C Counts

Percentage of
Group Count Abnormal
Newroph ls | Lymphocstes | Monocytes | feucocytes
30 pre.ictenc | Mean st 3 i 4
and subvicterie| Maumume 82 ® n 13
cases Mmmum* 27 13 2 <1
Mean & 1’ b7} 6 <
2t normat | Maumum® 70 3 10 <1
controls | Mmmum® s 1 3 o
I

* Maximym and minymum percentages were observed Sgures for each type of cell
Percentages are given to the nearest whole number

Abnormal Cells

The abpormal white cells seen m miective hepanys unlke those
smfectious mononucleosis are mainly of one type This cell 1s 2 large plasma
cell with a deeply basophilic, shightly granular and wvacuolated cytoplasm
and usually with a typical eccentric cartwheel nuclens As s usual in
plasma cells w the peripheral blood there 1s somewhat fess cytoplasm than
n similar cells found n the tissues or the bone marrow Following the
view of Moeschhn (1940) that plasma cells develop directly from plasmoblasts
and that the cells commonly called Turck cells are young plasma cells, cells
with a sidar cytoplasm but a nucleus showing remnants of nucleoh and
not showing the typical 1) of ch have been
sncluded as plasma cells  In some cases there are a fen Downey type 1
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cells, the most type 1t but m none has
there been any difficulty 1n differentiating the blood prcture The average
number of abnormal cells was 170 per ¢ mm with Iimits of 440 to 20
while the mean percentage was 4 (hmuts 13 to<1) In a semes of 125
differential counts on normal mdividuals abnormal cells formung as much as
15 per cent of the total white cell count were seen once lower percentages
1n 20 counts and none imn the remamder Two per cent. of tbe total white
cell count has, therefore, been taken as the upper lumt for abnormal white
cells 1 normal mdividuals  Eighteen of the 30 pre 1ctenic and sub icteric
cases showed a Iugher percentage than this m therr first count Of the 12
cases which showed 2 per cent or less in their first count, 4 had more
than one count mn the pre ictenic phase, all these showed more than 2 per
cent 1n a later count.
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ICTERIC PHASE

The first counts on Service cases seen after jaundice had developed, but
Jess than 14 days from the first symptom, have been analysed 1n two ways
Tustly distnbution curves of the total white cell count, and of the total
counts of the mam types of cell, have been plotted 1n an atterapt to demon-
strate any subsidiary peaks suggestive of separate groupings with either
a higher or a Jower count than that of the main body Secondly cases in
which the disease was acquired wn the Middle East have been compared
with cases among troops from the Home Forces

Dustnibunion of White Cell Counts i Early Cases

In this analysis the first counts on 150 cases seen less than 14 days after
the onsct of symptoms bave been treated as one group and plotted as
frequency distnbution diagrams 1a Figs 17 to 20

3 A [ n
N 3 S, Y a
T T T T T

PERCENTHGE OF COUNTS

[y
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- G G 75 .
NEUTROPHILS
(recvsance #£R cinmn)

Fia 18 Distributon of Counts tn First Counts of Total
‘Neutrophils (150 cases) o/ Tota
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LYMAROCYTES
(rovaveanos sen c0 sam)

Fi6 19 D stribution of Counts in First Counts of Total
Lymphocytes (150 cases)

TABLE 40
First W B C Counts of 150 Service Cases Seen After the Onset of Jaundsce

Compared with Conirols

Total

j (perc mm}

Group Count WBC | Meutrophls | Lymph
(pere mm) | (per ¢ mm} | (per ¢ mm)

Serice | Mean 5690 3300 1610 570
caseswith | Mammum | 12100 3470 3720 1200
Jjaundice | Mimmuom 2400 750 460 200
Controls | Mean 6530 4120 1930 400

“Standard ertor of dfference 398 3045 | 166 21
21 27 [ 196 786

DISE
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Fio 20 Distribution of Counss in First Counts of
Toral Monocytes {150 cases)

In the total white cell ¢ount and 1n those of all the marn types of cell there
15 a shehtly skew curve with a tail of high counts The range of the count
15 Skghtly wider than that of the control group 1 the total and neutrophid
counts, but the range of the lymphocyte count differs kttle from that of the
control group (Table 38, p 89) The monocyte count shows a much wider
spread than 1 the controls The cunves fad to show the secondary peaks
which mught be expected if the cases had not belonged to a bomogeneous
group

The means and extremes of the counts are tabulated in Table 40 and
compared with the controls The general Jeucopeniz and neutropenia may
be regarded as sigmficant (D/SE 21 and 27 respectnely) while the
lymphopera (D /SE 196 1s below the usually sccepted level of sigmificance
The monocytosis (D /SE 786) 1s highly sigruficant

The mean total of 10 first counts on adult women with infectise hepatitis
was 4,700 per ¢ mm., as agamnst 5,690 for the men, with & \ery sumlar
differential count to that of the men No conclustons, however, cap be
drawn from so small a group

3]
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Comparisor of White Cell Courss in Middle East and Home Force Cases

In Tables 41 and 42 the results of total white cell and differential white
cell counts on cases of mnfective hepatitis among men recently returned from
the Middle East are compared with those m Home Force troops  The cases
i troops returned from the Middle East are divided into cases developing
less than one month and more than one month afier landing 1n the United
Kmgdom  All these counts were done on the momng following admussion
to hospital and only counts done less than 14 days after the onset of symptoms
are mcluded The Tables show a very close agreement between the three
groups of patients Table 41 shows the total counts and Table 42 the
percentage counts

In 93 of the 114 counts considered here plasma cells were present m
numbers varymng from 1 seen m a count of 300 cells to 93 per cent In 19
of the counts more than 2 per cent of plasma cells were present There
was no gross difference 1n the numbers of these cells between the vanous
sub groups

TABLE 41
Comparison of First W B C Counts (Totals) of Cases of Infecthe Hepatitis from
Muddle East Forces with Those from Home Forces

Group I M EF(A) MEF®B) HF
Nurber of cases ] 21 30 51
tal WBC Mean 5720 3760 5670
;rpoel‘ ¢ mm) Maxmuym ‘ 11100 8700 9800
Msnsmum 2600 3100 2700
Total neutroph Is Mean 3370 3480 3300
Maxunum 7700 5600 6660
(per ¢ mm) Msnmmum 1540 1430 1270
Total lymphocytes ~ Mean 1660 1480 1710
Maxmum 3720 3130 3380
(por € mm) Mimmum 620 460 71

50

Total monocytes Mean 550 610 5

Maximum 960 1200 11
(per ¢ mm) Minamam 230 20 260

MEF(A) Muddle East Forces onset of infective hepatitis w thin 1 month of asmval m

MEF(® Middis Est Forces onset ater tha 1 moath afier araval
HF Home Forces
The Course of the White Cell Counts

hout

The total and differentral white cell counts have been followed throug!
the course of the disease in 80 Service cases and 40 of these had a fusther
blood count at a follow up approxmmately one month after their discharge
hospital

im’i};lc 0cscr;ums of all the mam types of cell showed defintte trends dunng
the course of the discase these are shown 1 Table 43 In the first
18 days after the onset the mean total of all WBC and of neutrophils
varied hitle from that shown for the first counts on 150 cases The plasma
cells fewer 1 the earliest ctenc cases than 1 the prectenc fell rapdly



HAEMATOLOGICAL INVESTIGATIONS (21
TABLE 42

Comparison of First #% B C Counts (Percentages) of Cases of Infective Hepatitrs
Jrom Muddle East Troops with Those from Home Forces

Group ’ MEF) J’ MEFB) HF
Number of cases 7 S 57
Neviropht Meaan 56 60 56
(per 0::! 1(‘7!’ Maxinum®* | 79 I £ 76
total WBC) M mmum* } 30 3% 33
Lymphocytes Mean 30 26 30
lpycr%e?of Maumum* 58 l 45 ‘I 51
total WBC) Minimum* 13 9 [ 13
Monocytes Mean 10 n 10
{per. c;ym of Maxtmum® 16 | 19 2
total WBC) Mmimum® | I3 i s 3

MEF(A) M ddlc East Forces onsct of infective hepautis wathin 1 month of amval in
jand
MEF(By Middie East Forces onset fater than 1 month after arnval
HF Home Forces
* Maxmun and munimum perecntages were observed figures for each type of celt
Percentages are given to the nearest whole number

TABLE 43

Means of W 8 C Countts at Different Stages wn the Disease tnt 80 Service Cases
Jolioned throughout their Course

Days from Total | Meutrophils | Lympho- | Monocytes | Abnormat
onset of | Numberof | WBC (per cytes (per'e leucocytes
nmptoms | readngs | (per ) (per ¢ ) (per ¢
mm ) mm) mm )
40 58 3330 580 103
3-10 4 5610 3160 1610 510 65
11—i4 7 6030 130 180 350
1518 51 56% 3160 2000 460 3
1921 3 6,100 3430 1950 1o 23
2-2 62 6300 350 2040 & not
calculated
2935 | %0 6580 360 2100
e | 3 5% 3350 2130 430
504 i Fl 1630 215 430

from an average of 108 per ¢ mm n cases seen before the 7th day after
the onset of symptoms to 65 per ¢ mm between the 8th and 10th days and
numbers greater than those which may be found i normal mdividuals were
not seen after the 18th day  Over the same penod the number of lymphocytes
rosc tn such a wa) as to cancel the fall 2 monocytes and plasma cells

From the 18th day onwards the numbers of neutrophls and the total
count began to nse By the 5th week from the onset the total count had
reached the level of the controls but the number and percentage of neutro-
phils was lower than normal  The lymphocytes at this stage were raised
above normal both mn percentage and absolute numbers The rao of small to
large lymphocytes 1 the first 10 days of the disease was the same in the
sctenc as in the pre ictenic cases  After this it slowlv returned (o normal the
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Enythrocytes

Erythrocyte counts and b Jobin and } were
made i all cases. mcluding chrome and relapsed cases, on admussion, and
the two latter estimations were repeated at intervals throughout the cousse
of the discase  On the rare occasions when a haematoent reading below 40
per cent was obtained another complete blood count was performed  The
erythrocyte count and haemoglobin level were followed mn 14 unselected cases
as well as 1 2 cases which showed anaema  In the unselected cases no
development of anaema was found and the mean results of the counts on
admission and during recovery are shown in Table 44 The haemoglobin
level and the erythrocyte count were unchanged, while the haematocnt
figure and mean corpuscular volume were shightly loser in convalescence.
The MCV was tn both shightly above that in the controls (87 ¢ n) done
by the same techmique with the same apparatus

None of the cases which were admitted late n the disease, except for
Bdr M, discussed below, showed any anaemia  The only other case to show
defimte anacmia developed 1t dunng his stay 10 hospital

TABLE 44

Mean Results of Erythrocyte Counts and Haemoglobin and Haematocrit
Estumations in 14 Unselected Cases of Infective Hepattis, on Admission and
During Recorvery

RBC Haemoglobin Mea
Time cour: Haematocrit | corpuscular
(mithons per | (Per cent | (Grammes [ “(per cent) | volume
¢ mm) Haldane) | per cent} © n
On admsssion 52 o+ | 44 494 936
Dunng
recoyery s 104 [ 144 464 897

Bdr M was admitted about 3 weeks after the onset of symptoms and despite
moderte jaundice his comunctiie appesred abnommally pate  His javadice was 4t
that time beginning 1o fade His RBC numbered 347 mullions per ¢ mm and
s haemoglobin was 72 per cent (99 g Hb per cent) pving a colour index of 104
while o hacmatocnit reading of 33 per cent gave 4 Mean corpuscular volume of
95¢ u Two days afier hn admussion e received an miection of 3 ml of Hepatex

The type of anasmia with a shghtly raised MCV and colour index,
and the recovery without therapy rapidly following on the disappearance
of jaundice suggest that this anacmia was consequent upon the hepatitis

‘The second case, Cpl S developed a slight degree of anaemua duning his ay
10 hospital by haemoglotin falling from 94 to 80 per cent (130 to 110 &£ Hb per
<ent) and his RBC. count from 476 to 36 millions per ¢ mm  His jaundice was
mild and at this stage of hiv diserse he was discharged  unfortunately it was pot
Fossible fo sec bum again
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absolute number of small Jymphocytes reaching normal m the 3rd week
while the ratto of small to large lymphocytes had usally retuned to norma)
by the 6th or 7th week  The progress of this ratio 1n the first 50 cases m
this seres 1s shown i Fig 21 The monocytes contmued to fall untl the
lowist recorded mean of 430 per ¢ mm, was found 1 the 6th and 7th
weeks

All figures 1o the follow-up were high, possibly because nearly all the
patients had travelled considerable distances before they were seen” but this
was the only group in which the percentages m the differential count
p hed normal phils 62 per cent, lymphocytes 29 per cent,
monocytes 7 per cent)
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The White Cell Count duning Relapse

When a relapse of the chpcal and biochemical condition occurred there
was also a refurn of leucopema, with a fall m the tota} neutrophi eount
and usvally an mcrease in the relative nevtropema With much smaller and
fess regular vanations 1n the total lymphocyte count There was little change
1n the type of cell dunng the relapse and a nse 1n plastoa celfs to mare

than 2 per cent was most unusual
Sumular ! 1 changes lly occurted without any SIEns

of climcal or biochemical relapse or the blood prcture became steadily mote
abnormal for some time despite rapid climical recovery
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Erythrocytes
Erythrocyte counts and lobin and were
made m all cases, including chromc and relapsed cases, on admussion, and

the two latter esimations were repeated at intervals throughout the course
of the disease On the rare occasions when a haematocnt reading below 40
per cent was obtamed another complete blood count was performed  The
erythrocyte count and haemoglobin level were followed m 14 unselected cases
as well as 1 2 cases which showed anaemua  In the unselected cascs no
development of anaemia was found and the mean results of the counts on
admission and duning recovery are shown mn Table 44 The haemoglobim
Ievel and the erythrocyte count were h d. while the h:
figure and mean corpuscular volume were shightly Jower m convalescence
The MCV was i both shghtly abose that m the controls (87 ¢ ¢} done
by the same technique with the same apparatus

None of the cases which were admitted late 1n the disease, except for
Bdr M, discussed below showed any anacoma  The only other case 10 show
definite anaemia developed 1t dunng hus siay 1n hospital

TABLE 44

Mean Results of Erythrocyte Counts and Haemoglobin and Haematocrit
Estmations in |4 Unselected Cases of Infective Hepatuls, on Admussion and
During Recorery

RBC Haemoglobin Mean
Time coun, Haematocrit | corpscular
(mithons per | (Percent | (Grammes | (per cent) dume
¢ mm) Haldare) | per cent) © 0
0 admisston 528 104 44 494 936
Dunng
recoyery 51 1o 144 464 897

Bdr M was admitted about 3 weeks after the onset of symptoms and despite
moderate jaundice hs comunctivac appeared abnormally pale " His jaundice was at
that time begmnng 1o fade His RBC numbered 347 millions per ¢ mm and
tus haemoglobin was 72 per cent (99 g Hb per cent) pving a colour index of 104
while 3 haematocrit reading of 33 pe ve a g scular volume of
95¢ k_ Two days after his admussiod he received an imyection of 3 mi of = Hepatex ™

The type of anzemia with a shighly raised MCV and colour 1ndex.
and the recovery without therapy rapidly followng on the disappearance
of jaundice suggest that this anaemia was conscquent upon the hepatitts

The second case, Cpl S.. developed 1 shight degree of anaema duning his stay
10 hospatal, hus haemoglobin falling from 94 to 80 per cent. (130 1o 110 g Jib per
cent) and his R BC. count from 476 to 36 millions per ¢ mm  His jaundice was
muld and st this stage of hie disene he was discharged  unfortumatelv it was nt
posuible to see hun sgun
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In the ordinary mild or moderate case of wfective hepatius target cells were
seen only rarely and in 10 unselected cases at the height of icterus or carly
i recovery the erythrocyte fragiity was within pormal kmits A few severe
or chrontc cases showed mcreased numbers of target cells and the case with
the Jargest number of these cells (7 per cent) showed only 95 per cent
baemolysis 1 024 per cent saline and complete haemolysss m 020 per cent
saline  Numbers of target cells as high as those reported by Greenblatt and
Kaplan (1943) 1n post vaccinal bepantis were not seen and as would be
expected 1ncreased resistance to lysis by hypotonic saline was correspondmngly
Tare

Sternal Marrow

Stemal punctures were done on 1] cases of mfective hepatiis on one
case of acute necrosts of the liver of unknown ongm 4 hours before
death and an one case of acute necrosts of the hiver following arsenotherapy
24 hours before death

In the non fatal cases except for Bdr M discussed above who showed
hyperactivity there was no abnormality in the cellulanty of the marrow
nor was there any abnormalty n the proportion of the different types of cell
seen except for the presence of more plasma cells than usual 1n nearly alf
cases The average number of plasma cells was 197 per cent. of all cells
different counts varying from 42 (o 08 per cent Osgood and Seaman
(1944) analysing 473 counts on normals by varions authors give a mean
normal of 051 per cent plasma cells In most cases at the time of sternal
puncture the number of plasma cells found 10 the sternal marrow was greater
than that in the peripheral blood  Generally the plasma cells 1n the marrow
Bad very large amounts of cytoplasm more than i the majonty of those i
the peripheral blood

In the marrow films from the 2 fatal cases of acute necrosis there were
signs of hyperactivity in the marrow and many of the myelocytes showed
marked p Hyp ty of the marrow 15 usual 1o
fatal cases and Lucké (1944) has suggested that st 1s related to the
haemorrhagic phenomena which are a very constant finding at post morter

TABLE 45
Mean Erythrotyte Sed mentaion Rates at Different Levels of Serum Bil rubin

Serim b1y Number of Mean ESR
(g per 100 ol read 156 (i in frst ho 1)
>10 20 S50
8110 is i3
618 2 80
$8 P i
2 IT{; | 2 1894

Erythrocyte Sedimentation Rate
The ESR was ratsed at some stage of the disease m one half of the
80 cases studied  The nse m the ESR nearly always occurred when \h?
serum brlirubin was either falling or approaching normal but 6 :L;l of
8 pre ictenc cases yt was raised and i 2 of these out of 3 on which later
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estimations were made, the ESR fell when icterus developed  When the
mean figures for the ESR at vanous bibrubmn levels were tabulated it was
found that the mean figures rose fairly steadily as the birubin fell (Table
45)  There was a highly significant negatne correlation betwcen the
tevel of the serum bilirubin and the ESR (131 readings cocfficient of
correlatton - 057)

Expeniments with blood from § cases of vanous diseases with no obvious
Iner damage but with a raised E SR, showed that m each case the ESR
could be brought back towards normal if a solunon of crude bile salts was
added 1o the blood and the nuxture stored for 1 to 4 hours before the esumation
was made (Table 46) The additon of biltrubin 1 amounts up to 10 mg
per cent had no effect Simylarly Bendten Neuberg and Snapper (1932)
have reported slowing of the ES R following the add:tion of cholic acid

These findings are reported 1 detail and more fully discussed elsewhere
(Miles  1945)

TABLE 46
Effect of the Addttion of Bile Salts and Storage on the ES R
Amount of Corrected ES R
Bile salt added (mm in first hour)
10 plasma Afier storage Afier storage
(mg per 100 ml) for 1 hour | Jor 4 hours
0 30 I 20
125 295 10
25 20 [ 8
50 1 1
!
Discussion

PRL ICTERIC STAGE

Certain general features in the white cell count in fully developed 1nfective
hepatitis seem to be generally asreed, but in the pre ictenc phase where
each observer has seen fewer cases than 1o the ictenc there is less agreement
Jones and Minot (1923) held that in the precterc stage there was a
prehminary Jleucocytosis lasting about 3 days followed by a leucopenma
Thewlis and Middleton (1925) who disagreed with this finding pointed out
that their later figures were lower than those in the pre ictenc state of the
drsease, but that the total counts even then were not higher than normal
Zsegler (1941) found a lowered of low normal total Jeucocyte count and a
reduced total polymorph count with a large percentage increase 1n stab”
eclls  More than half our own matenal on the pre ictenic phase was from
2 single outbreal 1n a mental insutution  the remaining 12 cases represent
at Jeast seven different outt This h ! of matenal
shaws 2 total whee cell count af under 5000 per ¢ mm 1 17 ot of 23
counts and 2 total neutrophil count below 3000 per ¢ mm 1n 18 out of 23
counts, te. a defimte leucopema and neutropema in the great majonty of
cases No clear-cut trend in the counts during tke pre ictenc phase can be
seen afthoneh evam nquon of tha fienrae 1 Tohla 17 fn 280 ¢ ~ene ot
« - . PELEEY Ny v
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h

Most observers are agreed that alth the 1 may
be above normal 1n the pre ictenic stage the total count 1s usually below
normal and the present findimgs agree with this view  On the other hand,
mn these cases, although the percentage of monocytes was very high, the
total monocyte count was but httle above normal

Most of those who have discussed the blood picture in nfective hepatitis
have mentioned the appearance of abnormal cells Jones and Minot stated
that the presence of immature and abnormal white cells was a feature of the
condition and stated that definite plasma cells were also present They
observed i! of the k , especrally of the Y ‘Thewlis
and Middleton noted an increase 1 the number of young types of lymphocyte
and the presence of some lymphoblasts Dunlop (1932) and Findlay, Dunlop
and Brown (1931) refer to an increase in large lymphocytes and the presence
of “pglandular fever cells™ Ziegler (1941) records the presence of up to
10 per cent of plasma cells n the early stages of the disease and Buerger
(1943) reports an mcidence of 2 to 5 per cent of plasma cells Barker ef af
(1945) describe the abnormal cells found 1n cases 1n the Mediterranean area
as atyprcal lymphocytes stmular to those of glandular fever In our cases
there was an increase m the number of large lymphocytes present (with

); lly) and a d m the pumber of small lympho
cytes while the proportion of plasma cells vaned from <1 to I3 per cent
Out of 30 first counts 18 showed over 2 per cent of plasma cells The
typical abnormal cells of glandular fever were only occasionally seen and
then 1n very small numbers

Usually infective hepattus can readily be differennated from infectious
mononucleosis with biluna by the lack of the typical glandular fever cells and

the presence of P Dunng this several cases were seen
1n which blood films sug d and 1 all of them
the clinical preture suggested the same diagnosis and the Paul Bunrell reaction
was positive

Certam other conditions which are hable to become confused with the
infective hepatitis prodrome are not so easily distingushed haematologically
Rubella often shows a very srular prcture (Hicklmg, 1925, Hynes, 1940,
M hlin, 1940) although Js 13 1Ot 5O and the number of
plasma cells 15 usually greater Hynes, who defined plasma cells very
strictly as the typcal adult type wath eccentric, cartwheel nucleus, and called
all other stmilar cells Turck cells, found only a small percentage of typical
plasma cells and much larger numbers of Tiirck cells m rubella Had the
same differentiation been used i this senes the relatne proportien of Turclj

RPN - e -

PUEYS SR A W

} hcg;:r‘xl]l:ry attacks of malana are often vers difficult to differentiate chnseally,
especially as the parasites may be extremely scanty  The white cell picture
at least as seen 1 England, i1s sometimes exacth the <ame as that in mfective
hepattss, although the percentage of neutrophuls 1s usually higher  Further,
the 1} m‘adc _l.hat 2 count of over 15 per cent.

R e

v
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Where the alternative diagnosis 1s a condition sn which an absolute
neutrophil Jeucocytos:s 1s to be expected, the white cell count can be of great
value The absence of lencocytosts 1n 2 patent whose disease begios with
acute abdominal pam may save lum from a laparotomy, and the presence of
leucocytosis 1 a case suspected of Wetls disease will go far to establish
the hagnosis

ICTERIC STAGF

After the appearance of Jaundice the white cell count usually showed
2 gradual return towards normal m the Service cases which were folloned,
1n most cases when first scen and had always returned to normal within
the total and neutrophil counts begnning to nse on the average about
the 18th day and being back to normal 4 to 5 weeks after the onset of
symptoms The proportion of mature to immature neutrophils was normal
14 days of the onset of symptoms

The total number of lymphocytes began to increase after about the 10th
day and the increase was due to an increase i1 the numbers of small
tymphoeytes By the 15th to 18th day the number of small lymphocytes
had retumned to normal while the number of large lymphocytes remamed
mereased, both the relatne and total lymphocyte counts were above the
average of controls throughout comalescence Jn measles Naegel (1931)
deseribes similar changes in the lymphocyte count, namely lymphoperia 1n
the acute stage followed by a lymphocytosts in consalescence  In infective
hepattis the ratio of small to large Iymphocytes had wsually returned to
normal by the 6th weck from the onset In the military cases there was both
a relatne and absolute monocytosis, greatest in the earhiest cases and steadily
returning towards normal, but neither the mean percentage nor the mean
total of monocytes had fallen to the level of the controls even 7 weeks after
the onset In many of the early cases vacuolation of the monocytes as
descnibed by Jomes and Mot (1923). was observed  Tomphtns and
Cunmngham (1938) found both monocylosxs and abnorma]ly large neutral
red vacuoles m the pravitally stained similar
10 those seen 1n other acute mrecuonx

The presence of an abnormal percentage of plasma cells was very transient
and over 2 per cont was not found after the 18ih day  Zaecler {1941) found
that these cells normally disappeared from the 7th to 14th day after the onset
of 1cterus

‘The present senes scems to be unusual i the lack of change i the haemo-
globin level and the erythrocyte count. Jones and Minot (1923) repotted a
marked fall 1 erythrocyte count at the hesght of the disease, and Hallgren
{1942) found a mean fall of 10 per cent. 1 the haemoglobin level dunng
the course of the discase 1 an outbreak 1 a sanatorium m Sweden The
fact that significant anaemta occurred tn only 2 out of more than 80 cases
n this series and was not present 1n relapsed and subacute cases admutted
late 1n the diseasc suggests that previously healthy, well fed, young adult
tmales do not respond 1 the same way as the populations seen by previous
authors The more severc of the 2 cases which did become anaemuc
showed some macrocytosis but the stemal marrow showed normal maturatson
and there was no reticulocyte response to hver extract, his blood picture
returned to normal without any treatment dunng comalescence

The mean corpuscular volume was usually above that of the normal con-
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trols and 1s m line with the findings of Schalm (1937) and those of Ziegler
(1941) who reported an increased R BC diameter without deformation of the
corpuscle

Greenblatt and Kaplan (1943) reported the presence of up to 40 per cent
of target cells 1 22 cases of post vaccinal hepatitis with definutely ncreased
resistance of the erythrocytes to hypotomc saline 1n 73 per cent of ther cases
In our series only occasionally m the most severe and chromic cases were
signtficant numbers of target cells present and the erythrocytes of the usual
mild or moderate cases did not show any increase in resistance fo lysis
by hypotonic saline

Buerger (1943) states that the bone marrow 1 his cases of infective hepatitis
showed hyperactivity with an increase in the number of myelocytes plasma
cells and normoblasts but he does pot give any figures In our series no
evidence was found of marrow abnormality 1n unselected cases except an
merease 1 plasma cells  In 1 anaemic case and 2 fatal cases there was
evidence of hyperactivity
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V. SEROLOGICAL INVESTIGATIONS
by
J A R Muzs MB

T bility of finding a k 1 reacuon for hing different
types of hepatits has reccnved some attention recently (Eaton, Murphy and
Hanford, 1944 . Mindlay, Martin and Mutchell, 1944, Oliskt and Bernhopf,
1945, Miles, 1946) The problems imsolied dxﬂcrcnuftmg bct\‘u:cn
A . ' PR o RN

complement-fixation test which have been published elsewhere and an account
of an investigation for the presence of heterologous aggluttmns

Complement-Fixation Test

The techmiques used sn the preparation of antigens and mn the execution
of the complement-fixation tests are given 1 detail elsewhere (Miles, 1946)
Livers were obtained from fatal cases of homologous serum hepatius, tnfecttve
hepatitis and arsenotherapy hepatits  Saline extracts of these, and of normal
Tivers as controls, were used as antigens 1n complement-fixation tests agamnst
sera from both acute and comsalescent cases of all these three condittons
as well as agamst a variety of control sera

RESULTS

Actte Necrusis of Liver of Uncertain Aetiology

These livers all showed a histological preture simular to that of cases known
to have been 1 contact with infective hepatius  Some of them gave extracts
which were too y for use S were usable, but
none of them gave a preater degree of fixation with any sera than that
obtained with control antigens made from normal Livers
Fatal Cases of Infectne Hepanns Occurnng Dunng Epidemics

Antigens from 5 such Iners were prepared  Three were tested both
aganst sera from cases occumng in the same outbreak (mamly relatnes
of the fatal case), and also aganst scra {rom other outbreaks of infective
hepatitis and from cases of homologous serum hepatius and arsenotherapy
hepatitis  The other 2 were tested agamnst sera from all ? types of hepa
utis but pot agmnst any from cases of infective hepatiis from the same out
break  One of these latter antigens showed fitation with § out of 9 sera
from convalescent cases of infectne hepatiis  these § sera gave no
fixation with control antigens  Positine fixation was not ginen with sera from
tases of arsenotherapy hepatits, which gave speaific postne fixanon with
antigens prepared from livers of cases of the same condinon  Unfortunately
only a very small quantity of this Iner was available so that no more exten
sive imestigations could be made  The other hiver antigens gave no fixation
different from that obtained with antigens made from normal Iners

Liver from Cases of Reputed Homologous Serum Hepatitis
Extracts from 9 such Iners were tested agamnst sera from knmown and
reputed cases of homologous serum hepattts and cases of infectine bepattis
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and arsenotherapy hepatitis No complement fixation differing from that
with control antigens was observed

Anown Icterogemic Sera

These were highly anti complementary unheated and had to be heated
to 56°C for 30 munutes before use Two batches of 1cterogenic serum were
tested against sera from early and 1 cases of homol serpm
hepatitis resulting from their mection No complement fixation was found
either with the untreated serum or with the supernatant or resuspended
deposit of one specumen after ceninfupation at 30 000 rpm for 30 munutes

Arsenotherapy Hepatitis

The results with liver antigens and sera from cases of arsenotherapy
hepatis are 1n marked contrast with the negative results obtamed 1 1nfective
hepatits and homologous serum hepatitts

Dunng the penod n which the disease was eprdemic 1 military clinics
the serum 1 2 fugh percentage of cases of arsenotherapy hepatiis contamed
a complement fixing antibody which reacted with liver extracts from cases
dymg of arsenotherapy hepatitis but pot with any other liver extracts Sera
collected earher 1n the disease showed far fewer positives than those collected
more than eight weeks after the onset of symptoms Dunng the epdemc
pertod 28 4 per cent of 67 sera collected before the exghth week gave fixa
tion while 67 per cent of 55 sera collected after that time were postve
A few sera gave fixation more than six months after the onset of the disease
and 2 of 4 tested over a year after the onset gave fixatron

The results of complement fixation tests made with 34 pairs of early and
late sera from the same patients (before and after the eighth week) are shown
mn Table 47 Seven of these pawrs were from cases which occurred after
the epid of h hepatitis had ceased and these
together with 3 others tested only before the erghth week and not ncluded
1 the Table all gave negauve results The results with all the sera tested
(unicluding those recorded in Table 47) are shown mn Table 48 1In both
Tables the sera are divided into those taken before and after erght weeks
from the onset of the disease Where more than two samples of sera from
any case had been tested only the results of the first and last tests have
been used i compihing the Tables

TABLE 47

Results of Complement Feation Tests w Arsenotherapy Hepatinis (34 pairs of
early and late sera agawst lner from cases of arsenotheragy hepatitss)

Number Number Number Percentage
Serum negative doubtful positne Total positive
Early 28 o 6 34 176
Late 12 3 19 34 56
. ‘ tamw hepatitis when complement
the second week In mearly

developed they were present
by the eighth week but 1n one case none were tound at that fime but a titre of
1 40 had developed by the eleventh week
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TABLE 48
Results of Compl Fixation Tests in herapy Hepatiis (all sera tested,
including those in Table 47, anngen was liver from cases of orsenotherapy
kepatits)
Number Number Autmber Percertage

Serur negative doubiful positae Total positive
Early 54 4 9 77 247
Late 2 4 ki 6 595

Scventy sera from 52 cases of infective bepatins were also tested against
lver extracts from cases of arsenotherapy hepatitis, 18 of these cases of
snfective hepatiis provided parred early and late samples of serum, and 16
of the samples of serum from the other 34 cases were from convalescent
cases and 18 from acute cases None of these sera gave 3 positive comple-
ment fixation test.

Negative results were also obtained from 6 undoubted cases of homo-
logous serum hepatits and from 2 number of reputed cases of this condstion
Varnious types of control sera from normal subjects syphilitics (without
jaundice} duning their third course of arsenotherapy, syphilitics with a posiuve
WR, cases of obstructive jaundice, and from patientts with a vanety of
conditions showing liver damage, were also tested without finding any which
gave similar resylts to those found with the sera of cases of arsenotherapy
hepattrs (Table 49)

TABLE 49

Results of Complement Fixation Tests Using_Control Sera against Antigens
Prepared from Normal Liver and Luver from Cases of Arsenotherapy Hepatitis

Aumber of }
| Mg T Numberof Percents
Numberof | pomtive sera o rera”
Type of case sera | wiharsno.  pouthe posutre
showing ma therapy with all Totat with all
Fxation hepannz liver ver
! antigens antigens antigens
L . e
Normaly ) o ; 7 5]
3rd course of arsenotherapy {
(without jaundice) 2 0 I 21
W R pourive 12 0 | é“ y 13 77
wout ]
Obstructne jrundice o UYL
Miscelancois  conditions
showing fiver damage o i 3 0 15

*Two of thest ters were from cascs of malinia (3 samples of serum from caves of malana
were tested in all)

Tt has been noted abose that the sera from cases of arsenotherapy hepatitis
dud not alnays contain compliement fiung anubodies Stmilagdy the livers
of cases dymg of acute necrosts of the hver dunng arsenotherapy did mot
always yield the speafic antigen  of 16 such lners which were fested 10
showed mntigenic actnvity diffenng from that of control hvers
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Nature of the reaction  Attempts were made to elucidate the mechamsm
of the specific reacton between the livers of cases which had died of
arsenotherapy hepatitis and the sera of acute and convalescent cases of the
same disease  Most of these attempts were based on the theory that the
reaction was due to a complex formed of protem from damaged lver and
arsenic compounds acting as an antigen  However no expenimental evidence
was abtamed 1n support of this theory

In an expenment of a different type a high titre antigen was spun 1n a
Sharples super centnfuge at a speed and for a time sufficient to cause the
deposition of a farge part of any known virus  After this treatment nesther
the supernatant nor the deposit showed any antigemc activity Dr
Markham who carned out the centrifugation suggested that the lack of
activity nught bave been due to loss of a very small quantity of matenal
on the walls of the bowl since the deposit was removed 1n a cylinder of
filter paper placed as a liming around the bowl

Complement Fixation between Antigens made from Normal and Abnormal
Livers and Sera from Cases of Homologous Serum Hepatitis Infective

. and A herapy
As well as the speafic fixation between livers and sera from cases of
arsenotherapy hepatitis a reaction was observed occurnng more quickly after
the onset of symptoms when sera from certain cases of all the three types of
hepatitis noted above and some controls were tested against extracts both
of normal lisers and of those from cases of acute necrosis of the hver This
reaction was nearly always more marked m the first specimen of serum
obtained than 1 later specumens and unlike the reaction found m arseno-
therapy hepatiis was never seen in specimens of serum taken after the
recovery of the patient Complete fixation with serum at a dilution of 1 5 or
Tugher was found 1n 9 of 84 cases of mfegtlvc h?pahtls (10 7 per cent) mIZZn_fl

this reaction was found 1 2 sidar proportion of cases wiule with sera

This antigen was not destroyed by heating to 56° . tor one hour but
+f 1t was centrifuged at 2000 rpm for 10 munutes immeduately after heating
the antigesuc activity was found only 1o the deposit If [eft overmght before
spipning there was Do difference 1 titre between the supernatant of heated

en and unheated antigen

an'Ellfns reaction appears to be the same as that described m detail by Eaton
et qf (1944) and sumlar to the precipitin reaction descnbed by Oluska and

Bernkopf (1945)

Heterologous Agglufimns

ts for beterologous agglutins for sheeps erythrocytes a one
e:l-“celnhte stxesspenslon of erythrocytes was used mixed with an equal vojume of
Each serum dilution  The muxtures were left for 1S munutes on the bench

5 to 10 muputes at 2000 rpm the sedupent shaken up
;l‘)::inafl;r afgtgll\ll]tmanon wisible to a hand lens 15 minutes after centrifugation
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was regarded as positne  The recorded uitres are final dilutions of serum
Absorption tests with both guinea-pig hidney and autoclaved ox erythrocytes
were performed by the techmque desenbed by Barrett {1941)

RESULTS
The results of the tests for heterologous agglutuns agamst sheeps
erythrocytes are recorded sn Tables 50 and 51

TABLE 50
Titre of Agglunnins aganst One Per Cent Washed Sheep's Erythrocytes
Nurnber of sera guving htre of Total
Sera tested & no of
<120 120 { 140 | 1/80 ' lIISO, 1/320¢ sera tested
From nermal people 1“4 1 1] o0y 0 20
From cases of rafecive bepatur | 36 | 21 1 1 1 £ ° 8
From cases of ansenotherapy 13 2 4 [ 0, 0 23
Dnied scterogensc serum 41 6| 5| 3} 3 1 2
Dried serum, pot icterogenic 6] 4] 3¢ 1) 310 I
Fresh icterogenic serum 12 3 4 0 0 [ 19
TABLE §t

Tutres for Heterologous Agghitimins (One Per Cent Sheep's Erythrocytes) of
Serum from Cases of Homologous Serum Hepatins and from Cases whe
Recened Dried Serum fron Batches Mot Anown To Be Icterogenic

Cases of Tirre before Tirre after absorption by
mologor absorgtion guineapiy | 02 per centox
serum hepaitis | kidney | erythrocytes
Me 1 160 | 120 ' I 150
Dy 1160 ) iZ0 12
Bs I 160 I (T 130
Be 1320 t 20 0
Br i 80 0 Not tested
Th [ 0 Not tested
Br 1 3% 1 40 Not tested
Cases transfured
with dried serum
(Mo Jaund ce)
Co 10 110 1 40
o I 160 ) 14
In [ 0 1 %
Su 140 i (] Not tested

No difference from normal was found in sera from cases of wfectine
hepatiis or arsenotherapy hepatins or from volunteers who had recersed
fresh scterogenic serum.  On the other hand cases who developed hepatius
after transfusion or subcutancous mjectton wath dried reconstituted sernm
from batches which proved icterogenic. showed the presence of agglutinms
much more commonly and often to a high utre  Further, agglutmimns
developed equally 1 those who showed hepatitis and sn those who did not

Investigation of & small series of patients who bad been transfused with
reconstitited dnied serum or plasma not known to be icterogemic and who
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had not developed jaundice showed a very simglar agglutima distribution to
that of the cases recetving serum from an icterogenic batch

‘Table 51 shows the results of absorption of the sera from some of the
higher titred homologous serum hepatitis cases and from those who had
been transfused with reconistituted dried serum of batches not kmown to
be icterogenic by guinea pig kidney and autoclaved ox erythrocytes In
all cases there was 2 very matked fall i the titre of agglutimns after absorp
tion by gumea pig kidney Usually where the titre was 1 40 or below
before absorption the titre after absorption was Jess than 1 5 Absorption
by autoclaved ox erythrocytes gave less regular results but in most cases
there was some fall i ture not usually so preat as after absorption by
guinea pig kidney

The rate of d of after h serum
much slower than after the admmstration of heterologous serum  after
homologous serum 1 at Jeast two cases agglutiuns were not present one
month after transfusion but had reached a tire of 1 80 when tested two
months later Unfortunately only a very few sera from cases shortly after
transtusion have been available for testing

Discussion

Complement Fixation

The nvestigation of the complement fixation between liver extracts and
sera from cases of nfective homologous serum and arsenotherapy hepatitis
has revealed two entirely separate and defimte reactions  Ohtsks and
Bernkopf (1945) brought evidence to suggest that the one 1s the production
of an antt hiver antibody occurnng in some subjects whose liver has been
damaged from any cause [Eaton et el (1944) who have described the
same eaction found 1t 1o occur 1n a larger percentage of cases of all three
types of hepatiis than we did as well as i normal subjects Had the
cntena of fixation which they accepted been used in our work the number
of postves an our studies would have been ncreased but the close relation
to hiver damage would have been reduced

The other ¢lear cut reaction 1s different bath 1n occumng n convalescence
instead of 1n the acute phase of the discase and 1n being found only between
antigens made from the hvers of cases of arsenotherapy hepatitis and sera
from convalescent cases of the same disease It was at first thought that
this reaction was probably due to a combmation of arsenic with damaged
hver acting as an anugen and numerous experiments were made i an
attempt to establish this theory  Arsenic could not be demonstrated 18 the
antigen sera contamng ant arsenoxide antibodies failed to react with
positive antigens inhibition expenments using NAB and mapharside
as inhibitors farled 1 any dilution 1 which the mhibitors alone were not antt
complementary and none of many artificial antigens contarmng mn one case

NAB and in the others arsenoxide was effective  Therefore this theory

must be regarded as unproven

L1 sn e e oaf acag
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which has mow disappeared or become relatnely rare  This would fit 1n
with Dr Markham'’s interpretation of the centrifugation expenment, which
could not be repeated because antigens of high uitre were not agan obtarned
m suffictently large a quantity Further, Beatue and Marshall (1944) have
given endence suggesting that there s no cross immunity between miectnve
bepatitis and arsenotherapy hepatitis and various authors (p 45. Beeson,
Chesney and McFarlan, 1944, Havens, 1945, MacCallum and Baver, 1944,
MacCallum, 1945, Paul Havens, Sabin and Philip, 1945, and Gauld, 1946)
have faded to find evidence of cross immuntty between infective hepatiis and
homologous serum hepatitts although there 15 clear-cut evidence that etther an
attack of infective hepatitis or 2 subclmcal infection does give nise to some
immunity (Gauld, 1946) Oliphant (1944) however faded to produce hepatius
1 ten volunteers who had previously suffered from homologous serum
hepatitis, and were given infective hepatiis matenzal which caused jaundice
m four out of ten normal volunteers Most of the evidence suggests &
different causation for infective hepanus from that for homelogous serum
bepatiis or arsenotherapy hepatitis, but there 1s no evidence for or apainst
crossammunity between the latter two conditions

Some cases of hepauhs dunng arscnoth:rapy continued to occur after the
alteration of techi hich kehhood of syninge spread
This fact, combined mth the failure of (hc ccmplemem fixation reaction
ten suceessive cases, seven of them tested at all stages of the discase, suggests
multiple causation  Such an explanation might account for the high per
centage both of convalescent sera and of livers from fatal cases which faled
10 show activity even dunng the eprdemic penod

Findlay, Martin and Mitchell (1944) report obtaming an antigen by saline
extraction of the Iner of a fatal case of hepautis in an African soldier
This antigen gave complement fixation with sera from cases of post-vacemal
and infective hepattis, but not with control sera The positive sera gave
negative fixation with an extract of normal Iver  Four other livers were
tested, two of them pave some fixation and two others none at all In the
senes reported here the hiver extract from one case of wnfective hepatiis gase
suggestive results with sera from the same disease, but not with sera from
cases of arsenotherapy hepatiis  The rematnder of the large senes of Iners
from known or reputed cases of infectne hepatitis or homologous serum
hepatitis gave negative results

Heterologous Agelutinins

The presence of increased nitres of heterologous agglutinms for sheep's
erythrocytes 1a the cases with homologous serum hepatitis 1s 1n line with the
finding by Faton er al (1944) of hrgher utres mn post vacainal than n mfectine
bepautis™ Tt has not, howeser, proved possible to confirm therr finding of an
snereased titre an anfectne hepatis.  Bercovitz and Knoch (1944) and
Batker er af (1945) have also reported 3 normal distnbution of heterologous
agglutinins sn cases of snfective hepatis

The evidence presented above suggests that the rmsed titre 1 homologous
setum hepatitis 1s due to transfusion with drted reconsututed serum or plasma
rather than to hepatitis  Even where there are raised beterologous agglutimns
n homologous serum hepanus, absorpuon by gmne: g kidney and auto-
¢laved ox er; ytes will serve to them from those of infections
mosonucleosis
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Juice collected from cases of snfective hepatitis on therr first day of yaundice
Two pigs recerved duodenal juice orally and blood intraperitoneally No
faeces were used for moculation, and no passages were performed  Esthma.
tions of the pigs’ serum bilirubin were made at frequent ntervals The
ammals were killed from 5 to 60 days later, and there was no discermble
MAcroscopic or microscopic abnormality

GOLDEN HAMSTERS

Fifty normal golden hamsters (Cricetus quratus) were used Five different
seties were imtiated, and duodenal juice, blood and urme collected from
cases of infecuve hepatitis on their first day of jaundice or earlier were
admmistered orally and intrapentoneally One to five blind passages* were
made with suspensions of Lver, spleen, kidney and brain of the noculated
anumals, at 14 to 2i-day mtervals The hamsters® temperatures were taken
and their urine was examined for bile pigment The ammals remained well,
when killed and examined 14 to 96 days after inoculation, no macroscopic or
mcroscopic abnormality was detected

ORKNEY VOLES
Inoculation of human matenal, followed by biind passages at 14. and
21 day intervals, 1n 29 Orkney voles (Microtus orcadensis) also yielded
negative results  In some of these ammals direct woculation nto the liver
and spleen was performed
COTTON RATS
One hundred cotton rats (Sigmodon hisprdus hispidus) from Eastern US A
were used 1n four senes of blind passages imuiated by noculation of blood,
duodenal juice, faeces and urine from cases of infective hepatinis at the time
of their first appearance of jaundice or earher (The animals actually used
i the expenments were bred m England) Two to fourteen blind passages
of organs were carned out m 10- to 21day old ammals In nearly
every mstance both and passape i were given by the onl,
intrapentoneal and mtrahepatic routes, and sometimes intracerebrally as
well Temperatures were taken daily 1n several experiments, and blood and
urne were exammed  There were no detectable clhnical abnormalities and
no histological changes other than the presence of type B inclusions in the
nucler of numerous tubule cells of the kidneys of ammals of the 7th to 12th
passages 1n one senies  These incluston bodies were not seen 1 anmals of the
13th and 14th passages in this series and only rarely 10 unmoculated ammals
1! of a bacter sterile susp of liver
splcen and kidney from amumals of the 16th, 11tk and 12th passages of thr
sertes into 10 human volunteers did not produce disease

GUINEA-PIGS

1t has been shown that the gunea pig foetus can readily be mfected in
utero with certam viruses to which the adult gumea pig s only shightly
susceptible  There 1s also the possibility that the metabolic state of the
pregnant gumea pig may render 1t more susceptible to infectton For these
reasons attempts were made to transmut infective hepatitis to pregnant guinea

« Biind passage 13 the 1noculation of the suspensions of the tissues of ammals
showiag no symptoms or sigas of discase
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s and thor foetuses  Thuty pregnant gwned pigs were anoculated with
negatse cesults

Scveral senes of onc to fise passages 33 pumeapgs 5 to K
daye ofd, slso faded 10 produce any clel or distologeal abnormahtes
Verbnde (1949 1 Lejden seported successful transomssion of nfective
hepatitis to gunea pigx by waculation of human blood and vane from cases
1m the catly stages of the disease Ve faled to produce any enidence of
disease to our guined pigs when moculated with dued punca prg ussues
sent to us by Verhnde

CANARIES

Twealy cananes that had survived drug tests 1 malanal studies were
snoculated wih duodenal jurce anine and serum by the method described by
Dresel Meding and Weineck (1943} but nedber the jllness wath a short
mcubanion penod described by them nor the disease wah a long meubstion
peniod desenibed by Herzberg (1943} was observed

MICE

As yanumerable prestous attempts to mfect muce with matenal from cases
of mfectne hepatitis had been unsuccessfv} the only expertaent w which
me were psed was a semes of passages following apoculation with hiser
bopsy matecal obtamed from cases of infecine hepatws on ther first day
of pundice  This method was clumed by Dohmen (1943) to have produced
posise results  Five passages of organs a4 and 2tday ntenvals w 27
mice faded to produce agy sigmficant histologicat changes w mice kafied
alter intervals of 14 10 SO dxys

Though litle has been wnitten on the subgpct the prosence of necrotic
lestons and inclusion bodees 1 the Twers of many appacemtly normal stock
mce has been recognized for some ume (Findlay 1932)  Recemly Mcolag
and Ruge (1944) 1n Roumama and Qlitsky and Casals (19453 w the Unsted
States have desenibed such fiadings 1 thewr stock misce while studymg mlectine
hepaties T addition Nicolav aod Ruge hane also desenbed what they
considered were spectfic 2 and ¢f y bodies in the
ussues of quce gumea pigs and rabbus woculated with anfectne hepauts
matenal  The amumals showed 00 sympioms and the condion could not
be passed in stries [t must be concluded therefore thay the mouse 11 an
unsatisfactory anunal to use for studying infectne bepavns

RATS

Attempts were made to Jower the resistance of white rats of the Wastar
strain of varying ages by exposure 1o 250 roentgens (12 raws}, by splencciom)
and treatment wiih  ncoorsphenamine to cure any sesufung bantonellonis (12
nis) by biweckly mtrapentoneal iechens of 14 times the humsn dose
of peoarsphenamine and “ mapharsen™ for from 2 to 8§ meeks (19 fats)
and by infection with § nvphi murnem {28 ran) - Al these procedures were

fol 1

the ammals ptible 10 the vrus of anfectne

hepatiis + hen they were fed with duodenal juice o snjected wath hlood
wtrapentoneaily {rom eacly cases of infectine hepatiy

o view of the pumerous reports of the igunious effect of 3 low proten
et on the hner of the rat (Himsworth 308 Ghyon 1933, expenments were
made on rats fed on 3 diet which when used by Himsaond and Glyme,
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had produced mmmal mrcroscopic mecrotc lesions and those only occa
sionally Tt was hoped that the diet might render the rats susceptible to the
virus of mfective hepatiis  The results of some of these experiments have
already been described 18 a prelmmary communication (MacCallura and
Mules, 1946) The first senies, 1n which blood, faeces and unine from several
cases of infecttve hepatitis* were used for woculation, was carried through
five passages, a total of 39 rats bemg employed Only a very occasional
microscopic collection of round cells or an 1 abrormal 1
cell was seen in the hvers of these rats, and neither subcutaneous nor oral
:jnocu]anon of liver from dth passage rats nto 10 human volunteers produced
1sease

A second senes gave more promusing results Six rats were given 8 g
daily of a diet containng protetn m the form of casein (4 per cent by weight
of total dict) and dned yeast (16 per cent by werght of total diet, 1 approx:
mately 72 per cent protemn), for a prelimmary penod of 40 days prior to
moculation with facces, urmne and blood from patients 1n the early stages of
iwfective hepatitis  Blind passages with organ suspensions were then carmed
out at mtervals of 16 to 21 days 1n 130 rats which had had a preparatory
peniod of 50 to 92 days on the deficent diet  Microscopic lesions i
parenchymal hiver cells were found 1 2 rat of the 3rd passage, and macro
scopic necrosts was present i the hvers of 2 rats of the 4th passage For
the subsequent passages the preparatory period on the deficient diet was 7
to 21 days Haemorrhages in the Iungs, stomach, intestines and lymph glands
and an inflammatory reaction in the spleen appeared i the Sth and
subsequent passages There was considerable vanation m the degree of the
pathologreal changes m different ammals of the same passage, some showing
numerous macroscopic lesions at death, others remaining apparently well
but showing mucroscopic lesions if killed within 60 days of moculation
There appeared to be an increase of virulence with passage up tb a certain
stage, and the mfectvity of the agent could be reduced by dilution

The lesions faled to appear after the 12th passage All attempts to
induce the same pathological picture with organs from previous passages
that had been stored at temperatures of —20°C or — 70°C were unsuccessful
Three further attempts to reproduce the discase under the same conditions
mn Wistar strain rats by iwoculation of fresh blood and faeces collected
dunng the acute stage of the disease from typical cases of mfective hepatiis
were also unsuccessful

The 1ncubation period to onset of illness was usually about 18 days from
the day of moculation, though some rats died with acute necross of the
Twver 21 days after starting on the diet and 14 days after njection Some

b - e am

ntervals failed to wmcrease the virulence of the agent OF reuuce Wit avilase
incubation penod of the disease

Rats which had been on a stmilar preparatory diet 1n which, however,
the casern had been mcreased to 6 per cent Wwere moculated with matenal
from the 7th passage of the above senes The macroscopic lestons m the

+ These cases were from a large outbreak of infective hepating in an iosttunion
n

@
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Iymph glands and stomach and mucroscopic changes 1n the liver and spleen
were present at this first passage and were produced as frequently, acd after
the same intervals, as 1n the fats on the diet contarmng 4 per cent. of casein
Macroscopic nectosts of the Iiver, however, was not scen ll the 4th passage
No macroscopic or mucroscopse lestons appeared 1n rats on a diet contamung
8 per cent casein and 16 per cent dned yeast

Five rapid blind passages were carried out at 10 to 11-day intervals an
recently weaned, Wistar stramn rats fed on a diet of bread and milk and
“marmie”, but no macroscomc of rucroscopic lesions were produced
Atternpts to the cond. by of rat tissues into 6-week
old mice of several stramns on a normal diet were also unsuccesstul, even
after five blind passages of tissues in 30 mice

Though we, like others, had made numerous unsuccessful attempts duning
several years to infect guinea prgs with human matenal from cases of mfectne
hepatius, the recent report of transmussion to thus ammmal by Verbinde
encouraged us to try 10 infect them with the presumed rat visus  Frve very
young guinea pigs were orally and with a 750
mu membrane filtrate of a suspenston of tissues from the 9th passage of the
rat senes  After 33 days 2 amumals were killad 1n spite of having shown
ro signs of illness, and their finers, spleens and kidneys were removed A
suspension of these tissues was moculated 1nto 4 more very yousg guinea.
pigs  These were dealt with in the same manner Two more simlar
passages were made, dunng which all the animals remained well At the
3rd passage all 4 ammals were monbund or dead on tke §th day with
acute haemorrhagic recrosis of the hver and severe fatty degeneration Further
passages with these tissues failed to produce any lesions nor could the lesions
be produced by noculation of znother sample of the materal used in the
Zni passape, even when the smimals were put on 2 quanutatinely reduced

et,

Verhinde later informed us that 3 dnied suspersion of Inver and spleen
from our 13th rat passage senies produced shight lesions of the Iner an his
stram of guinea pigs  We had found no lustological lesions in the rat ussues
sent to him for these soculations

After two passages of rat tissues inoculated 1nto the allantoic and yolk
sacs of 7-day old chick embryos, pools of embryos and thewr membranes
faled to produce lesions when admmistered orally and intrapentoneally
o rats on the 4 per cent casern deet

Two human volunteers recened 35 ml of a 760 mu membranc filtrate
of the rat tissues by mouth  After 6 months neither had shown any signs
or symptoms suggestng infection

A test using the serum of the patents suppiying
the oneinal material, though not entirely satisfactory gave suesestive results
Owing to a shortage of rats and to loss of the hypothetical agent 1t was not
possible to obtan further nformation on this point.

In routine passages and twration expenments all matenal was passed
through a gradocol membrane filter with an average pore duamster of
750760 mu  In one expeniment typical lesions were produced with a filteate
which had passed a 310 ma membrane, the smallest sze used 1 the expen-
meat. typreal Jesions were also produced 1n zuother expeniment ia which
310my, 113 my, and 63 ma membranes were used  Further expenmeats to

»
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determune the size of the agent were not camed out before passage became
sasueeessful
In control experiments, rats of the same strain and weight, and on the same
4 per cent. casemn diet as those m which lesions had been produced, were
moculated with serum and facces from healthy subjects, and blmd passages
were carned out at 19 to 21.day ntervals for mne passages At the ume of
exch passage only 2 proportion of the ammals was killed, the remamder
bemg examuned for histologrcal chapges at later dates, up to 70 days No
lesions were observed 1 any of this senies  In additron no lesions were seen
when our rats were mnoculated with matenal from rat livers rendered necrotic
as a result of a protein deficient diet only These noculations were camed
out 1n 1943 using necrotic rat Iivers provided by Himsworth and Glynn and
sere 1o serve as a control to their dietary expeniments
These expenments suggest that we tsolated a virus which produced a
discase m rats  Proof that 1t was a causative agent of infective hepatitis
was not obtamed There was also the possibility that we were dealng
with a virus normally latent 1 the rat which had been activated by the dretary
deficiency and senal passage  As a control to the expeniments of Himsworth
asd Glyna and our own a further senes of controls was tested Rats on the
4 per cent casen diet 10 our laboratory were mjected with necrotic hvers
uced by a protemn-defictent dret.  Seven passages failed to produce any

suficant lesions

e are indebted to Dr F Bergl of Roche Products for the gencrous supply
o viams for the rat diets, and to Dr F G Spear of the Strangeways
Jrserch Laboratory, Cambridge, for irradmtion of the rats, and to Dr
z p Himsworth for frequent help and advice The expenments on pigs
"= ade by pernusston of Dr C. A. McGaugkey of the Institute of Aumal
gomciowy, Cambridge  The and b were performed by
P 1 J Venn, BV Sc
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have shown that in the early stages of the disease duodenal juice and blood
contan the infectne agent By the oral administranen of a large quantity
of unne from a case of mfective hepatitts, Voegt has also produced what
apprared to be a muld hepatitis witkout jaundice 1n a yolurteer

It was decided, thercfore, that expenments oo human volunteers were
essentral if further knowledge was 10 be obtained on the mode of spread
and duration of mfectrvity of the vanous types of hepatius designated as
infectine, h serum and py hepatiis

The first volunteers were conscientious objectors, they provided, boweser,
only a hmuted pumber of subjects and they mostly parucipated i the
experimenis by MacCallum and Bauer (1944) on homologous serum hepatitis.
In view of the clinical observation by Stll (1897) and Hench (1938) that
patients suffenng from rheumatoid arthnius underwent remissions of their
ilness dunng the course of attacks of jaundice of unspecified cause, and that
mjections of large quantities of bilirubin had no benefictal effect on them
{Hench, 1938), 1t was considered jusufiable to mvite such patients to volunteer
for tnoculation with materral from cases of the types of hepatius under study
With the co-operation of their own physicrans patients were wmoculated at
vanous centees, the majonty of the toculatons bemng done in Oxford and
Steffield  The effects of the jaundsce on the arthnius have already been
reported (Gardoer, Stewart and MacCallum, 1945), and will not be discussed
here

INFECTIVE HEPATITIS

‘The majonty of doctors who witnessed the epidemucs of 1nfectine hepatiis
m troops in the Middle East 1n 1914 18 and in 1942-43 were of the opinion
that the source of spread was probably infected facces This concepuon
was dependent upon the high incidence of associated dysentery and the
prevalence of flies (Willcox, 1919, Spooner, 1944  Khuk, 1945)* In
Sweden, Hallgren (1943) had supgested that watetbome tnfection was the
cause of an insututional epsdemsc and of scattered cases along 2 mver

In Great Bntain, on the other hand, the epidemiological studies of Pickles
(1939) and others (sce also p 46) have suggested that mfection 15 due to
the airborne spread of particles from the nasopharynx Because of these
latter views and a certain reluctance to admumster faecal matenal to man,
1t was decided to do experiments successively with nasopharyngeal washings,
blood, unine and faeces, n that order  The methods of preparation, traasport
and administration of matenal are descnibed below

Although obviously destrable, it was impossible to carry out the expenments
1 3n isolated communmity, and this possibly lays epen to coticism the
conclusions drawn from certain expenments  As small atack mtes were
usually to be expected, large groups of mdiiduals were used

1t was wonndertd Yhely Vnat the toghest comceniauen of vhe wiectve
agent i the blood and nasopharyny would be found dunng the pre sctenc
stage of the disease A simular assumption was not made 1n the ¢ase of the
facces and unne, but whenever possible all specimens were collected sn the
Tre xtenc and carly ictenc phases.  Owing to lack of eprdemics in large
closed communues and to the difliculty of diagnosing the disease in 1ts early

* Van Rooyen planned transussion expetiments 1a buman volunteers with invesnnal
cottents wnd Unne in the Middle Fast in 1943 but permussion to se human ¥o'unteens
w11 1ot granted (van Rooyen and Rirk 19461

n
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determune the size of the agent were not carried out before passage became
unsuccessful

In control experiments, rats of the same stran and weight, and on the same
4 per cent casemn diet as those in which lesions had been produced, were
moculated with serum and faeces from healthy subjects, and blind passages
were carried out at 19- to 21-day intervals for nine passages At the tume of
each passage only a proportion of the ammals was killed, the remamder
being examuned for histological changes at later dates, up to 70 days No
lesions were observed 1n any of this series  In addition no lestons were seea
when our rats were noculated with matenial from rat livers rendered necronc
as a result of a proten-deficient diet only These 1noculations were camed
out 1t 1943 using necrotic rat livers provided by Himsworth and Glynn and
were to serve as a control to thewr dietary expentments

These expeniments suggest that we isolated a virus which produced 2
disease 1 rats  Proof that 1t was a causative agent of infective hepatits
was not obtamned There was also the possibthty that we were dealig
with a virus normally latent n the rat which had been activated by the dietary
deficiency and serial passage  As a control to the expeniments of Himsworth
and Glynn and our own, a further senes of controls was tested Rats on the
4 per cent casein diet 1t our laboratory were mjected with necrotic hvers
produced by a protemn-deficient diet  Seven passages failed to produce any
significant lesions

We arc indebted to Dr F Bergl of Roche Products for the generous supply
of vitamuns for the rat deets, and to Dr F G Spear of the Strangeways
Research Laboratory, Cambndge, for irradation of the rats, and to Dr
H P Himsworth for frequent help and advice The experiments on pigs
were made by permission of Dr C A McGaughey of the Institute of An;m:y]
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Transmission Experiments m Man
by

F O MacCallum, M D, Altce Stewart, MD,FRCP, and
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n collaboration with

D J Baver, MB, PAD, H L Milles, MC, MRCE,
J B Renme, MD,MRCP,J G Sclater, MB, FRCPE.
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The failure to produce a disease 1n experimental animals by rers
of blood and excreta from cases of infectrve hepatins has proppted wm_nlg
m several countnes to carry out expenments i human volunteers estnt
expenments of Voegt (1942) n Germany and of Cameron (1943) 10 Pale

1noculatiot
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have shown that 1n the early stages of the disease ducdenal yuice and blood
contan the infective agent By the oral adminstration of a large quantity
of vnme from a case of mfective hepatitis, Voegt has also produced what
appeared to be a mild hepatitts without jaundice 1 a volunteer

It was decided, therefore, that expenments on human volunteers were
essential of further knowledge was to be obtained on the mode of spread
and duration of nfectivity of the vanous types of hepatitis designated as
nfective, serum and herapy hepatitis

The first volunteers were conscientious objectors, they provided, however,
only a hmmted number of subjects and they mostly participated 1o the
expenments by MacCallum and Bauer (1944) on homologous serum hepatitis
In view of the clinical observation by Sull (1897) and Hench (1938) that
patients sufferng from rheumatord arthrits underwent remissions of therr
iiness durng the course of attacks of jaundice of unspecified cause, and that
mjections of large quantities of bilizubin had no beneficial effect on them
(Hench 1938), 1t was considered jusufiable to invite such patients 1o vojunteer
for moculation with matenal from cases of the types of hepatitis under study
‘With the co operation of their own physicians patients were moculated at
vanous centres, the majonty of the moculations being done 1n Oxford and
Sheffield  The effects of the jaundice om the arthnus have already been
reported {Gardner, Stewart and MacCallum 1945), and will not be discussed
bere

INFECTIVE HEPATITIS

The majonty of doctors who witnessed the epidermes of infective hepatitis
1 troops 1n the Middle East 1z 1914 18 and in 1942 43 were of the opinion
that the source of spread was probably infecied faeces This conception
was dependent upon the high wcidence of associated dysentery and the
prevalence of flies (Willcox, 1919, Spooner, 1944, Kuk 1945)* In
Sweden, Hallgren {1943) had suggested that waterborne infection was the
cause of an rastrutional epidemic and of scattered cases along a mver

In Great Britamn, on the other band, the eprdemuological studies of Pickles
{1939) and others (see also p 46) have suggested that infecuon 15 due to
the auborne spread of particles from the nasopharynx Because of these
Jatter views and a certan retuctance to admimster faccal matenal to man
1t was decided to do expeniments successively with nasopharyngeal washings
blood, unne and faeces, i that order The methods of preparation trapsport
and administration of matenal are described below

Although obviously destrable, 1t was impossible to carry out the expeniments
10 an isolated commumty, and this possibly lays open to cntwism the
conclusions drawn from certan expenments As small attack rates were
usually to be expected, large groups of individuals were used

It was considered Iikely that the highest concentration of the infective
agent 1 the blood and nasopharynx would be found during the pre ictenic
stage of the disease A simular assumption was not made 1n the case of the
faeces and urme but whenever possible all specimens were collected 1 the
pre ictenc and early icteric phases Owing to lack of epidernics m Jarge
closed commuties and to the difficulty of diagnosing the disease 1n its early

* Van Rooyen planncd transnussion experiments in human volunteers with mtestinal
contents and unne 1 the Middle Fast m 1943 but permussion 10 use human volunteers
Was not granted (van Rooyen and Kirk 1946}

£
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stages, much of the matenal from cases early m the disease was derived
from the patients studied by Wilson who were admitted to hospital on the
day of onset of clinical jaundice or later (see p 50)

Methods

The vanous matenials used in these experiments were collected, stored
and admumstered i the following ways —

Nasopharyngeal washings There were shight vanations 1n the methods
used to obtamn washings, depending on the age and clinical condition of the
donor  Usually 10 ml of saline or broth were instilled mnto the nose with a
pipette, allowed to drain into the pharynx and then exp d into 2
clean bowl Without delay these washings were transferred to a stenle flask
or bottle standing in 1ce  The walls of the buccal cavity were then syringed
with a further 10 ml of broth or saline, the patient gargled with this fluid
and 1t was then added to the first specimen In some instances larger
amounts than 20 m! were collected from donors In one Jarge expenment 1
which the donors were naturally.occurring cases of infective hepatins and
mn another n which the material was collected from cases of homologous
serum hepatitss, the tonsils were thoroughly rubbed with throat swabs which
were then stired into the pooled washings already obtamed Where delzy
between collection and use of the specimens was mevitable, they were trans
ported to the laboratory 1n a thermos flask contaimng ice  Here they were
stored at -20°C ull the day of use when they were transported 10 bottles
packed m ice to the place of moculation When direct transmussion was
performed the the h was hept m 1ce for a
pentod of vp 1o one hour before being admmstered to the recipients  The
recipients recerved the matertal either lymg down with the head tlted well
back over a pillow, or seated 1 a chaiwr with the head tlted back The
washings were 1n every case sprayed into the nose by an atomuzer or dropped
m with a pipette, then sprayed on fo the pharynx and walls of the buccal
cavity with an atomuzer or synnge and finally the fluid was swallowed
When large amounts of washings were available, 10 ml amounts were also
gargled and then swallowed When swabs from the donors” tonsils had been
obtained the tonsillar areas of the recipients were also firmly rubbed with
the swabs which had been soaked 1n the pooled washings

Blood Al specimens of blood used were obtaned by venepuncture and
placed 1 stenile containers In most cases the serum was separated and
removed withm a few hours, but in some mstances sepasation was not carried
out for 24 to 48 hours and then somettmes the serum contained a small
number of red blood cells In anly one wstance were both serum and clot
njected  After separation, seven samples of serum were stored for from
3 to 14 days at - 20°C before use, when they were transported packed oo

} 1ce to the place of inoculation A sigle specimen, No 10 1n Table 53 (p 122)
was stored for 4 months at —20°C before use One [ot of poofed serum
No 11, was mjected nto the first three recipients wathun 3 hours of collection
and then stored at +4°C for 1 to 3 days before bemg given to the

three A single No 12, was frozen and dned

1 vacuo, and then stored for 6 months at +2°C before use In ten expent

sments, the serum was mnjected subcutaneously m 0.5 to 10 m] amounts

In Expenment No 11 (b) the clot was ground in a mortar and suspended 1n
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10 ml saline, 10 ml of the suspension was sprayed 1ntranasally, and 10 ml
of the serum was sprayed on to the oropharynx with a syrmge and needle and
then swallowed

Urine Al the specimens of unne used were from males, and were collected
m stertle bottles, after thorough cleaning of the external meatus They were
either admussion or early morming spectmnens, and after cultures had been
made from them they were stored at —20°C ull use Al spectmens used
were collected within 24 hours of the appearance of scleral icterus, gave
positive 1odine tests, and were brown n colour, so that considerable amounts
of bitrubin were present In the single expenment the six specimens were
pooled, and each recipient received 20 ml sprayed 1nto the nostrils, 20 ml
spraved on to the oropharynx and swallowed, and 50 ml to drink

Faeces Faecal specimens were collected 1n clean bottles and stored at
-20°C When required, weighed amounts were ground in a mortar with
saline or broth and made up as 10 per cent suspensions These were hghtly
centnfuged for 15 munutes, the supernatant removed. and to 1t 10 per cent
by volume of ether added The supernatant was then placed 1n a flask
with a rubber stopper in the refrigerator and shaken at frequent mtervals
After 24 hours the ether was evaporated and the faecal suspension stored
at ~20°C  In preparing the filtrate for Expeniment No 20 (Table 55,
p 125), the faecal suspension was not treated with ether but diuted
to 3 per cent with broth, spun at 3,000 rpm for 30 mmutes and
the supernatant passed through a gradocol membrane filter with an average
pore diameter of 730 mp  Part of the filtrate was stored at - 20°C, and
patt frozen and dned i vacwo m 10 ml amounts and stored at 0°C ull
used Immediately before nasal and oral admumstration, a small crystal
of vamllin was added to all faecal suspensions The suspensions were
sprayed 1ato the nostnil and on to the oropharynx, and 5 to 100 m! amounts
were given to dnnk muxed with orangeade In Expenmment No 21 the
dned matenal was redissolved m 10 ml of sterile distrlled water and njected
subcutaneously

Resilts

Because of the widespread shortage of staff, both 1 hospitals and labora-
fortes 1t was usually not possible to perform detailed hver function tests,
such as the bromsulphalemn excretion test or the huppuric acd synthests
test ‘The routime tests employed were either the sodme test or Hunter’s
test for bilrubm m the unine, and the measurement of the serum bilirubin by
Thannbauser aud Andersen’s modification of the Van den Bergh reaction

As a rule patients were seen once a week, but they reported on other days
if they had any suggestive symptoms They were then examned daily until
the symptoms disappeared and the laboratory tests showed no abnormality
As beds were scarce, patients who developed jaundice were hospitahzed only
if the dllness was severe Out of the two hundred persons moculated with
imfective hepatitis matenial, only twelve developed hepatitts with jaundice, and
another five had what was possibly a very muld hepatitis  As these latter five
cases occurred among Jarge groups of recipients 1n whom there were no cases
of frank jaundice or undoubted hepatitss, they are only referred t0 1o this
Teport as “ possible takes ™ and not as true transmsstons, although two of them
have been described as “ posittves ™ 1n a previous preliminary communeation
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(MacCallum and Bradley, 1944} The expenments described 2s No
3 (Table 52), No 13 (Table 54) Nospg and 9 (Table 53),Nansd [I.‘Jiar;g
(Table 55) have all been referred to 1n this earlier preliminary communication.
Nasopharyngeal washings Al our attempts to produce Jaundice by 1nocula
tion of nasopharyngeal washings, garglngs and tonsillar swabbings were
unsuccessful (Table 52) Two of the patients 1 the first group of seven
reciprents (Experiment No 1) showed evidence suggestive of hepatitis, but
they did not become jaundiced
AL oL e, FEEEN vtava

BE IS Q0L IOW IELIIUCU aS 4 LIRS WHD IIC RASOPIALYlLedl wds Higy

e second  possible take® 1o thiy group was 2 man aged 45 who suffered from
rheumatord arthngrs and had a c?romcnlly enlarged palpable but not tender fiver
( o Ra 0 ' et Ay

he
al
- m

arthnns

These two cases are now no Jonger regarded as “ takes ™

The matenal used 1n Expeniment No 1 had been stored 7 to 16 days at
—-20°C. before use  Strmlar matenal from two other groups of donors was
negative (Experiments Nos 2 and 3) It was then obvious that direct trans-
mission expenments must be done with matertal collected at the onset of
the 1llness before accepting the farlure of imoculation with nasopharyngeal
washings It was decided, therefore, to nduce jaundice m a group of
volunteers by the admumistration of faeces from cases of infective hepatitis so
as to be able to collect fresh materral under the best conditons (The
results of expenments mn this country (MacCallum and Bradley, 1944) and
in the USA (Havens Ward, Drill and Paul, 1944) had mdrcated that this
procedure would be the most hkely to produce cases most rapidly ) Faecal
materral was admimstered to twenty patents (Expenment No 19 (a)
Table 55) and, though none of them showed any symptoms. nasopharyageal
washtngs and garglings were collected on the 2{st, 23rd and 25th days and

4 d to erghteen within an hour The pool failed to
produce bepatiis 1n any of the recipients although parts of previously
posttive pools, from Expeniments Nos 14.17, were sncluded m the fresh
materal and of course none of the reciprents of the nasopharyngeal washings
developed hepatiis

A small epidemic of jaundice ocenrred 1 a school situated close to the
clintc where some of the volunteers with arthntis were being treated Three
weeks after the first case n the school, we visited the classrooms looking
for chuldren showmg possible early symptoms Three sick chidren were
found, but unfortunately none of them ever became jaundiced though they
had such positive signs as birubm n the unne and serum bilirubin nising to
20 to 225 mg per 100 m] There were several cases of jaundice 1n the same
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TABLE 52
Human Transmussion Experiments with Nasopharyngeal Washings from Cases
of Infective Hepatis

Experi | No of Time of collection Route No of | Incuba
ment |donors of of Amount | No of |recipients| tion
No hnpool rasopharyngeal wdmis | (ml) period

washings strat on \iaund ced, (daysy
1 6 | All on day of onset of [Nasal and 4 7 0 -
Joundce oral {after
storage)
2 6 | Alt on day of onset of | Nasal and 4 9 o
“Jaundios oral (after
storage)
3 2 1One on Ist day of |Nasaland 7 6 o -
symptoms ope on day | oral (after
of onset of yaundice | storage)
4 3 [One on Sth day of | Nasal andj 20-30 18 o
symptoms and follow | oral
g2 days oneon 3rd tonsiilar|
day of symptoms and | swabs
following 2 days one

on Istday of symptoms
and following 2 days

classes 1n thus school before and after the donors were used and the ¢ousta of
one of them had also had jaundice 3 weeks previously Though these
expenments gave negative results (see Expertment No 4 mn Table 52) they
will be descnibed 1n detail for the donors are good examples of the type
of cases that have so often been suspected as being the source of mfection
m epidemics where there have been long mtervals between cases of frank
yaundice

symptom free

Four days later two 1lj girls were found in another class where there had been
a case of infective hepatitis several weeks prevmuslg One had nausea and vomiting
for the past 2 days and was now feehng better but Hunters test for bilwubin
the unne was strongly postive other guls symptoms had begun wath vomiting

that - om

The two girls were also bled on the 2 days when the large scale naso
pharyngeal washing transmusston experiment (No 4) was carried out but
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as will be seen from Table 53, Expenments Nos 11 (2) and (b} none of the
reciptents receving this blood either by parenteral or oral routes showed any
symptoms of hepatitis

The reciprents 1n Expertment No 4 were all between the ages of 32 and 63
with only seven under 40, and their susceptibility may well have been
diminished by their age  On the other hand there may have been httle or
no virus present 1n the nasopharynx and oropharynx of any of the donor
children at the tme of collection of the washings

TABLE 53
Human Transmussion Experiments with Blood from Cases of Infectine Hepatins

Experr) hoof Route No of | Incuba
ment [donors Time of collection af Amount | Ao of jreciplents|  wor
No ( m of blood admne | “@nl) lrecip period

pool Istration \jaundiced) (days)
S(a) 1 | Day of onset of jaundice | Parenteral| 05 5 1 27
®) I [ 2nd da¥ of jaundice (same | Parenteral[ 05 4 i 49
a
6(a) 1 | Day of onset of jaundrce | Parenteral| 05 [ 0 -
(D] 1 | 6thday of jaundice (same | Parenteral| 05 § o -
man)
7 1 | Day of onset of faundice | Parenteral| 05 4 2 (343
8 | 2 | Day of onset of jaundice | Parenteral| 05 ] 3 6175 92
9 2 | Day of onset of juundice [Parenteral | 05 2 [} -
0 1 | Sub-cterrc  serum bili | Parengeral] 05 4 2 166
Tubin 0 25 mg /100 mt
11a) 2 | Sub-ictenic 15t day of |Parenteral| 035 6 0 -
symptoms 1 one 3rd
in the other 0 _
® | 2 |[Same serum and clot |Nasaland| 2 10
orat

12 1 | Dayofonsetof jaundice , | Parenteral 1 4 0 -

led int vacuo 6 months

Blood It has already been shown by Voegt (1942) and Cameron (w:ris)
that whole blood and serum collected at the tume when jaundllce afppr; )
may be mfectne But tre finding of virus 1n the blood gives litle m! oor %
tion regarding the natural mode of transmission of infective hepam:: o
the duratton of mfectiaty The mjection of blood from pm:x; - zhe'
however, be used to determune the length of the incubation pero

rimentally produced disease

ex_ip”:n t;?fcre)n;tp samples of serum from cases of wfective hfcpamus::cr:
tested , with the exception of three, each of these samples was ran‘l :‘n el
donor It was found that the ncubation pertod from the parf)ng:ms e
tion of serum to the appearance of jaundice was less than 4“ :;i:ycs I "
patients, and 49 to 92 days m the remaimmng six posiive ke yeats
three patients who had the short sneubation pertods were all a uae e
of age  One of these three had been the first doubtfnl posc)k\of s
pasal washungs (see p 120), and one bad bad 2 previous atta
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followang an wmection of serum from an pool of dned
serum The man with the incubation period of 49 days (Expeniment 5 (b))
was 30 years of age, he had had a muld attack of homologous serum hepatitis
following an injection of mcrcﬂemc serum a lutle more than 6 months
previously  The three p E; No 8 who developed
jaundice were cases of rheumatod anhnns of 33, 35 and 42 years of age,
and the two 1 Expeniment No 10 who developed jaundice were also patients
with rhepmatord arthntis and were aged 42 and 50 Serum from one man
collected on the day of onset of jaundice failed to mduce hepatitis m six
recipients 2ged between 21 and 59 (Expenment No 6 (a)) This man was
unfortunately chosen to be tested at weekly intervals to see how long hus
blood would remain infectne However, the onginal sample and the one
collected on the 6th day gave negative results, and so remamung samples,
which had been stored, were not tested The completely negative results
m Expenmem No 11 (a) and (b) are difhrcult to explam, but the low
of normal jection of infective hepatitis

serum bas been noted by Neefe and Stokes (1945) The denors were the
two girls whose Minesses are descnbed m detail on p 121 In Expenment
No 11 (b) the clots from both bloods taken on cach of 2 days were
ground in a mortar and suspended m 10 ml of salme With each
reciprent, 10 ml of thss suspension was sprayed intranasafly and 10 ml
of the serum from the same specimens of blood was sprayed on to the oro-
pharynx and swallowed In Expenment No 11 (a) the serum was wnjected
parenterally The ase of the recipients may have influenced the resulf, of
the six recipients an the parenteral group there were two from each of the
age groups 20 to 30, 40 to 50, 50 to 60, the recipients m the oral group were
aged 19, 39, five between 40 and 50, two between 50 and 60 and one was aged
70 Another explanation might be that the stram of virus was of such low
wvirulence that 1t was sneffective by the oral route m the small dose used The
donor 1in Expeniment No 12, which was also negative was a typical case of
wfective hepattis from a military unit who had been jaundiced for 24 hours
when the blood was collected Three of the four recipients i this expenment
developed hepatitis with jaundice when later moculated with a known batch
of icterogenic dnied transfusion serum  Their ages were 30, 36, and 52

The most interesting result of the experiments with blood was the potency
of the serum used 1 Expenment No 10 (Renme and Fraser, 1946) This
serum was obtamed from a mentally defective child m an mstitution where
an epidemuc was in progress, and where routine tests were being done on
contacts of cases (p 37) The patient had no apparent symptoms and the
serum bilirubin of the specimen used was only 025 mg per 100 m! as
measured by the method of Malloy and Evelyn The patient was never
observed to be jaundiced, but his serum bilirubin rose to 25 mg per 100 m}
Ay Twr

Unne A single experiment was carried out using a large pool of bacterio-
logically stertle unne, collected from six men on the first day of the appear
ance of jaundice Each reciprent received a total of 90 m! (Table 54) In
addition 10 the measurement of the serum bibrubin, the hver function of each
of the nineteen recipients was tested frequently by the oral hippunc acid syn-
thesis test There were no cases of jaundice among the recipients Three of
them showed some dubious evidence of hepatic dysfunction, but they were not

E2
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accepted as positve transmussions It 15 possible that the amount of unme
admunistered was too small to be wfective This experiment refers to the
same group as has been desctibed by MacCallum and Bradley (1944), and
by Renrmie and Fraser (1946)

Faeces  Successful transmission of mnfective hepatitis by means of faeces
has already been breefly reported m a preltminary communication by
MacCallum and Bradley (1944) ‘These findings are here referred to m
Table 55 (Expentments Nos 14, 15, 16 and 17) In Expenments Nos 14
and 15 the six recipents m each expertment had 20 ml of faecal suspension
sprayed by atomzer into the nostrils, and 20 m! sprayed on the oropharynx
and swallowed A few hours after moculating these two groups, two further
volunteers became available  About 20 ml each of the suspensions used for
Expenments Nos 14 and 15 remawed , these were pooled and adminstered
ntranasally to the two additional recipients m a dose of 20 ml , and both
of these Jatter recipients developed muld tliness with jaundice (Expenment
No 16) The matenial used 1 Expenment No 17 was collected from three
Service patients, who were detected 1n the early stages of mfective hepatitis,
several days before the appearance of clincal rcterus The seven reciprents
in ths expenment all recerved their materal i the same manner as those
in Expenments Nos 14 and 15 Only ope, 2 young adult, developed
jaundice after 27 days  Expenment No 18 was expected to provide a bigh
proportion of “ takes ™ since the material used 1 1t came from two patients
with nfective hepattis, one a nurse, one a patient, who were hving 1 an
nstifution where an epidenuc was occurning, the virus of which seemed o0
be more than usually infective (p 37), the specimens were taken on the first
day of jaundice 1 one case and on the day precedmg chnucal jaundice 1 the
other There was no evidence that any of the five recipients suffered from
hepatitts following the itoculation of this material  Experiment No 19 {2)
also farled to produce any positive restlts though the mnocula used mcluded
some of the remnants from Expeniments Nos 14, 15, 17 and 18, which had
been kept stored for 4 to 7 months at -20°C  The case providing matenal
on the 4th day of symptoms was one that had had jaundice mduced by
anjection of serum 1n Expenment No 8 (Table 53) “One week later all
the recipients from Expenment No 19 (a} were remoculated, the donor
s this expeniment, No 19 (b), was the serum induced case mn Expenment
No 5 (a) (see Table 53) The small number of positive stccesses :s
compated with the Iigh proportion recorded m most expenments by
workers m the US A, may have been due exther to attepuation or macuv;e
tion of the virus caused by the treatment of the faeces with ether, or to ¢ :

greater of the vol perhaps on account of

therr age (nearly all were over 30}
Duscussion

ult of our expenence, which agrees with that of Neefe Stokes
an‘::l\sReamrlfgld {1945) and Ii’lzvens (1946a) 1 the United States, 1t would ;ppea:
that there 1s httle or no virus present in the nasopharynx and (;‘rcp aryl;‘
of patients with mfective hepatitrs during the chimeal dlness Further exx;:; .
ments may show that the virus 1s present n these sties shorui aﬁ?’ cofmm
with an mfected patent and thac further transmussion may 2 ehp zcehcwl
these sites at thus ime  But this must be considered as purely hypot!
untd defimite evidence 1s obtained
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TABLE 54
Human Transmission Experiments with Urine from Cases of Infective Hepatins

Experi No of Route No of | Incuba-
ment |dorors|  Tune of coll.ction of | Amount| No of lreciptents| " tion
No | m of urine admn- | " (ml) peviod

pool tstration aundiced| (days)
13 | 6 | Day of onset of jaundice | Nasstand | 9 | 19 [) -
oral

TABLE 55
Human Transmussion Experuments with Faeces from Cases of Infective Hepatitis
Experi| Mo of Route No of | Incuba
ment | donors Time of collection of Amount | No of |reciprents| tion
Ao | wmpool of faeces admen | (ml) period
sstration laurdiced] (days)
14 2 Day of onset of | Naszaiand 4 6 0 -
jaundice 3rd day | oral
of jaundice:
15 2 | Day of onset of [Nasaland{ 4 6 [ -
Jjaundice 3rd day | oral
of jaundice
16 4% IDay of onset of |Nasal 2 2 FEREZED
yaundice 3rd day
of jaundice
iy 3 Prectenc  Sth-6th | Nasaland | 4 7 1 iz
ay of symptoms | omal
18 2 ] Onc on 2nd day of | Nosaland| 4 5 0 -
symptoms and day oral

before jaundice
one on day of
enset of laundice

19@) {Remams | One on 4th day of N.mll and| 3 10
ora

befors jaundice

domors | onesubrcteric 3rd
mexpert | day of symptoms
mentNos 20 0 -
1415 17
and 18
plus 2
® 1 | 0n st day of joun | Oral 5

dice moculated 7
days afier above
pool o same

donors

2 2 [ 730u filtrate of 19(a) | Nasaland | 10 20 ) -
oral

A 2 | Fiate of 1) |Parenteral| 10 20 o -

* Pool of remains of suspensions used n Expeniments Nos 14 and 15
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The only Iy positive experments have resulted
from the oral admumstration of faecal suspensions (or their Seitz filtrates)
or from the parenteral moculation of serum , these expenments have been
confirmed now with materal from England, US A, Italy, North and West
Afnca  In the expenments in the USA (Havens ef af, 1944, Necfe et af
1945) and 1a West Africa (Findlay and Willcox, 1945) a higher proportion
of the rectpients developed hepatits than m our experiments, and, as already
suggested, thys difference may have been due esther to inactivauon or attenua
tion of the virus by the ether treatment of the faeces, to a greater inherent
degree of resistance of the mdviduals used 1 England or, as seems most
likely, to the older age of the English recipients  Luver dysfunction 1 exceed
mgly common among the natves of West Africa, and thus may have

hil d the

ity of the used by Findlay Neefe and his
colleagues have described an eprdemuc 1n a summer camp, 1n which there was
strong d: for faecal of well water as the source of

It seems probable that the wid of infected facces
and passive transfer by flies may have been the mode of transmission under
battle condutrons 1 the North African desert and m other epidemics m the
Middle East during 1942 and 1943 But st 15 difficult to believe that this is
the mode of transmission in the wsual vrban or small rural outbreak m
England, or that 1t 1s responsible for the large number of apparently isolated
sporadic cases

The earhest positive samples of faeces tested in our expenments were
obtained 5 days after the onset of symptoms and the latest 8 to 10 days after
the onset of symptoms and 24 to 96 hours after the appearance of jaundice
The latest recorded positive specimen was one used by Havens et of
{1944) which had been collected 8 days after the appearance of jaundice
Neefe, Stokes and Remhold (1945) were unable to infect volunteers with faeces
collected 3 weeks after the disappearance of jaundice, and Havens oblamed
negative results with faeces and serum collected 25 to 31 days after
the onset of illness Though more expenments will be necessary before
defimte conclustons are possible on thus point, these negative results suggest
that 1dividuals do not excrete the virus for long periods after recovery from
wfective hepatitis

Like Necfe et al (1945) and Havens (19463) 1n the US A, we have faled to
find evidence of the virus m the utne Findlay and Willcox (1945} n West
Africa obtaimed positive results, but on reivestigation 1t was found that the
donors of these urnes were also suffening from unnary schstosomtasis
(Findlay, 1948), so that the ufine 15 probably only a source of infection when
both these diseases occur at the same time

Biochemical tests have mdicated Iver damage as early as 16 hours after
the onset of symptoms and 10 to 14 days before the appearance of 1cterus
As the pathological process must have been 1 progress for some tme fo
produce this detectable damage, 1t is probable that circulating virus could
be detected several days before the onset of symptoms as has been done m
cases of homologous serum hepatiis  The positive results obtamed with
the blood of our sub icteric case (see Expenment No 10, Table 53) mndicate
that here 1 another possible source of mfection for syringe transautted
hepatitis or hepatitis from pools of sera used for therapeunic pnxp;&s
Francis, Frisch and Quulligan (1946) have recently described Just such an

weident
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HOMOLOGOUS SERUM HEPATITIS

Thus term 1s used Fere to describe cases or senes of cases which ongmated
i the first nstance from moculation of whole blood, serum or p!asma.
etther i ly or for
transfuston or other therapeutic purposes It refers only to hepatiis which
has developed 40 to 200 days (approximately) after inoculation and not to
cases of jaundice immediately following transfusions The results of cross-
mmusmty experrments i Great Britain and m the United States suggest
that the agent usually responsible differs from the virus of infective hepatitis,
and epidermiological evidence points to the same conclusion

MacCallum and Bauer (1944) carlier described expenments wath an
icterogentc pool of serum collected from supposedly normal donors at blood
transfuston centres, as well as expertments with serum from a case (F) of
hepatitis presumed to have been mnduced by this serum  The main findings
were that the pooled serum produced hepatitis with jaundice 1 about 40 per
cent of recipients when mjected subcutaneously, but had ho effect when
admunistered mtranasally There was no evidence that the agent 1a the pooled
serum survived passage in chick entbryos or tissue culture, nor did 1t produce
any abnormalties m experimental ammals The agent produced hepatitis
1n one of two men who had recovered from an attack of infective hepatitis
6 months previously, but had no effect on eight men who were convalescent
from homologous serum hepatitis mduced 1n the United States and on two
m whom 1t had been induced 1 England On the other hand the serum
from the single induced case, F, produced hepatitis and jaundice when given
to volunteers intranasally, and there was supgestive evidencd that it had
survived, 1if mot multiplied, m ussue culture In the hght of the results
of expeniments done since that time 1n the United States and 1n this country,
the nature of case F 1s stull i doubt

Expenments have been made to obtam further mformation regarding
another icterogemic pool, Batch 034, composed of serum collected from
approvimately one thousand supposedly normal donors at blood banks
Samples of this pool had already produced Jaundice 1n 57 per cent of a group
of seventy-one recipients injected with 1t 1 a special mvestigation before 1ts
wterogenic nature was recognized  As well as attempting to determine the
possible relation between the causative ageats of homologous serum hepatitis
and nfective hepatitis, 1t was considered of great importance to find a routne
method of mactivating all such pools 1 order to render them non-rcterogenic

Experimental Methods

Preparation and adminstration of serum  The pocl Batch 034, was a large
one, the serum had been dned in 400 m] amounts and stored at +2°C
Two bottles of w1dcly separated numbers 1n the pool were chosen for
The sera were reconshituted 1 stenile
dxsulled water redned n 10 ml amounts for convenience and stored at
+2°C till used For oral and subcutaneous admimstration each ampoule
was reconstituted m stende distilled water Five ml was sprayed either orally
Or mtrapasally and swallowed, and 10 m] was mnjected subcutaneously

Ether extraction of serum The serum contents of several bottles were
Teconstituted, pooled and then exposed by Dr R A Kekwick to trple
extraction with ether at -20°C (McFar]anc. 1942) This pool was again
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dried 1n large amounts, later reconstituted once more, and redped 1z 10 ml
amounts The scrum was reconstituted for subcutaneous mjection 1ato
volunteers 1n 10 m! amounts

Uliraviolet arradiation of serum  Two expenments were made usig two
bottles of serum, the bottles being irradated by different methods Both
these bottles were also tested untreated

In the first ex, wiich was rel; crude, the d serem
was exposed 1n a quartz flash, with ats round bottom resting on the ultraviglst
lamp, the latter had a mercury argon low-pressure quartz discharge tube
giving approximately 80 per cent of the total light radmation at the 2537 &
mercury reésonance lne  One ml of the serum was placed 1 the flask at
a ume and was nradated for 30 mmutes, the flask bemng agitated by hand
at frequent mtervals The layer of serum was only 4 mm at the deepest
pomt  Unfortunately, 1t did not prove possible to carry out an electro
phoretic exammation of this serum after treatment

In the sccond attempt at inactivation by ultraviolet light, a different bottle
of serum and a different apparatus were used The serum was reconstituted
1 the usval way and then exposed to a ** Thermo Syndicate New Home Urut”
lamp T/M5/369, which was 15 cm long and emtted 95 per cent of is
energy at 25378  The serum was flowing through a cotl with 30} turns,
the coil was 95 cm in diameter, 65 ¢m high, and 400 cm long, the mside
diameter of the tube being 15 mm  The Jamp was surrounded by the cods
The temperature of the serum was 30°C. durng exposure The serum
was run through the coil twice, bemng exposed for 15 mnutes each time
A sample of this serum was exarmuned electrophoretically by Dr Kekwick
who states the “ 1n the electroph p m a buffer
pH8 revealed that gross changes had occurred m the proteins as a resull
of wrradiation  The albumin was reduced 1n amount and mstead of the usual
®, B, v globulin components, there was a single component migratmg close
to the albummn and accounting for about 60 per cent of the total protein
1t would seem probable that this component 1s a complex of albumin with all
the globulins A very small residue of probably unchanged globulin was
detectable ”

The serum was kept frozen at —20°C till used, when 10 ml amounts were
mected subcutancously There was an immediate red flare at the site of
moculation but none of the of any d symp!

Tissue culture expertment  One ml of reconstituted serum from a bottle
from the pool was added to each of four flasks contaming munced chick
embryo tissue and 40 ml gumea prg serum-Tyrode's solution and ncubated
at 37°C  Transfers were made every 3 or 4 days to fresh fiasks,
usig 10 ml supernatant as was done in the yellow fever hissue culfuzes
angmally suspecred of contantng an mfective agent by Findlay, MacCallum
and Murgatroyd (1939) The rematning Supematant was dried iz yacuo
10 m! amounts m ampoules and stored at 0°C  The dned matenal of
the 5th and 10th subcultures was reconstiuted m 190 mi stenle distlled
water and mjected subcutaneously Into volunteers

It was not possible to carry out passage in chick embryos due to scareity
of fertile eggs

Anmal inoculation experiments O

performed with the serum from Batcl

nly two sertes of animal expenments were
h 03¢ One consisted of the oculation
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of seventeen white rats of the Wistar strain ; these ammals were on a normal
diet and receving lon" courses of neoarsphenamine  The serum was gven
orally, and 1ly, and the
drug was given intrapentoneally. Rats were Lxllcd at intervals, from 30 to
157 days after the first moculation but no passapes were made No histo-
logical abnormalities were detected
The other senes consisted of the blind passage of organs of rats moculated
with serum from Batch 034 The rats were on the same protem-deficient
diet as had been used for the expenments with infective hepattis materal
{see p 113) Exght passages at 21- to 28 day ntervals faded to produce
any apparent disease wm the rats  Six passages at 60 day mtervals also faded
to produce any histological abnormalities or disease

Results
As m the expenments with mfective hepatius material the groups at
usk were small, and 1t was that a statistical h was not

jusufiable  The results of the experiments (Table 56) can therefore
only be discussed in a general way and some suggestions offered as to
probable deductions which can be made from them

Though it was not possible to perform _expenments which would gve

about the serum hepatitts by naso-

pharyngeal washings or faeces, some mloxmaucn was obtamed with regard
to the properties of an agent causing thts disease

It bas already been established (MacCallum and Bauer, 1944) that the
scterogenic agent of serum hepatius cap withstand beatmng at 56°C for an
hour m a water-bath, and can survne for at least 14 months m the
dned state and through severa! cycles of freezing, thawing, reconistitution and
drymg

TABLE 56
Human Tr Exp nts with Serum (Batch 034)
No of | Incaba
Amount | Route of | No of |recipremss| ton
Material Bortle (mi) admin- | recipients | becoming i period
istration jaundiced | (days)
Untreated dned serum 161 1 Parenteral 4 3 60114
24 1 Parenteral 14 6 69-112
224 s Oral 10 0 -
224 5 Nasal 10 0 -
Serum afier triple ether | 150-159 1 Parenteral 19 10 83-131
extraction
Serumafterirad-] (1) 224 1 Parenteral 10 2 90,99
favon with vltras b——
violet bight ) it 1 jParenterat] 19 1 21
i
;ut\:l. 140 1 Parenteral 10 o o
Serum after tissue | culture
culture
1th
sub- 40 1 Parenteral 0 o o
culture
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Serum from Batch 034, which had produced jaundice 1n 50 to 60 per cent
of different groups who had recerved small amounts subcutaneously, faded
to produce any climical signs of hepatitis m twenty mdividuals who each
recened 5 ml of the materral by the nasopharyngeal or oral routes  These
findings agree with those of workers m the Unted States It must be admitted
that we also failed to produce hepatitis by oral admunsstration of one pool of
blood from two cases of infective hepatitis (see p 123) but this had been done
repeatedly by others 5o that the weight of evidence suggests that serom from
cases of mfecttve hepattts will usually produce hepatits when grven orally
and so differs from the agent or agents causing serum hepatitis
Trple ether extraction of the serum i the cold produced a very clean,
transparent product which was admurable for mjection, but unfortunately
this treatment apparently had no anactnating effect on the icterogenic agent,
ten out of the nmeteen reciprents beconung jaundiced
The results of expenments by Oliphant, Gilllam and Larson (1943),
Qliphant (1944a) and Oliphant and Hollaender (1946) n the United States
suggested that ultraviolet light of certain wave-lengths mught inactivate the
wcterogenic agent n the serum if the latter was exposed as a thin film of
moving liqud  In several of therr experiments the icterogemc rate mn the
volunteers who recewved the non-wrradiated serum was very low and did not
permit a definite conclusion as to the efficacy of uradation  Later a more
satisfactory expenment by Blanchard, Stokes, Hampil, Wade and Spizizen,
(1948) confirmed that ultraviolet Iight was capable of mactvatng ant
Icterogenic agent n serum
In our first rather crude experment with ultraviolet hight two out of
ten rectprents of the radiated serum developed Jaundice, showmng that
mactivation had not taken place
In the second expermment, with the different type of apparatus and
exposure, one out of the ten mdividuals who received this treated serum
developed jaundice  However this patient, who was aged 43 and suffered from
rheumatord arthris, became jaundiced 27 days after moculation, also she
was resident 10 a large city and the possibility of contact with a case of
infective hepatttis cannot of course be excluded The incubation period of
27 days 1s about 20 days less than that of any other individual who recerved
this batch of icterogemc serum, however admumstered or previously treated,
which throws some doubt on the imected serum being the cause of her
hepatitis  There have been, however, 1 of single mdividual
developing hepatitis after a very short incubatron perrod mn other large
groups of persons moculated from pools of icterogensc serum, so that the case
cannot be 1gnored
As already stated, electrophorenic exammation of the serum irradiated by
the second method revealed that gross changes m the protews had oceurred
The serum m thys case was apparently over wrradiated and later Tesults
(Blanchard er af, 1948) showed that when an rcterogenic serum was exposed
as a thin moving film, wradiation by the approprate dose of ultraviolet
hight mactivated the icterogenmic agent without altering the normal protems
present 1n the serum t

In 1939 Findlay and his coll g d that the agcﬂd
present m yellow fever vaccine at that time might have been P“’P-’lgl?”
m their tissue cultures Usmg the same expenmemal conditions we avt;
failed to obtam any evidence of the growth of the agents 1m tWo batches o
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serum, 207Ky (MacCallom and Bauer, 1944), and 034 which was used m
the presept myeshganon
ARSENOTHERAPY HEPATITIS

Hepatitss was sery prevalent 1 certam cliics for the treatment of vepereal
diseases at the time this investigation was begun  In contradiction to the
theory that thrs disease was due entirely to tovucity of the arsemucal drug,
1t had been suggested by Bigger (1943) and MacCallum (1943) that the disease
was usually due to wmjection and passage of an scterogemc agent present 1o
the blood of some of the men under treatment, the drug per se playing no
part Tt was suegested that the passage by njection was made possible by
the shortage of syrnges and staff 1n the ¢lmics which resulted . the same
syrnge being used for @ number of individuals without adequate stenhization
between each injection  The seterogenic apent was presumed to be active 1n
mnute amotnts and \ery resistant to short exposute 10 ordinary disinfectants
and heat Stropg support for this hypothess was provided by the field
etpenments of Safaman, King, Williams and Nicol, (1944) who used indivi-
dual dry-heat steriized synnges and needles for one group of patents and
the usual less efficient methods prevailing at the ume for a second group at
the same chnic  They found the incidence of hepatitis 1n the second group
was many tumes that m the first Clearly it was posuible that sspnlar conditions
for transtaission msght exist wherever synnges were used on more than one
patient without proper stenhization

It was decided to carry out the same type of transmussion expenments as
bad been made m studymng mfective hepatitis 10 order 1o uy to throw some
ight on the problem The methods used are described below and the results
are shown in Table 57 These cxperiments have been desenbed bnefly
m 2 preliminary note (MacCallum 1945)

Experimental Methods
Blood  Setum was collected on the first day of icterus from two pauents,
Ar Tand Ar II, who became jundiced durmg arsenical treatment in two
chnics where there had been a large number of such cases  The first patient,
Ar I, became jaundiced duning the 14th week of a course of weekly mjections
of nevarsphenamine, and the s:cond Ar 1L, 110 days after the first injection
and 82 days after the last wnjection of a course of tntensive treatment with
a smnlar type of drug
were iapecred ly with 025 to 10 ml serum
:‘lfm ‘Ar I (Ar SI) and mne volunteers with 025 ml serum from Ar 11
1 SID

Faeces  Facces were co]!eawd from Ar 11 at the same tme as the serum
and were stored &y -20°C A suspenson was prepared and adminstered
m the same manner as the matenal from cases of wnfcctive hepatins (see
P 119 All fificen recsprents i this group and five additional individuals also
recersed a dose of untreated faeces from four cases of hepatius induced by
woculation of Ar SI

Namphmngeal washings  Nasopharyngeal washings were not available
from donors Ar I and Ar 11, but as soon as the first case of hepatiis 1nduced

Y Ar SI occurred we with paso-
pharyngeal wastungs from all those who had receved this serum (Table 57)
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The matenial was admmstered within an hour of collectng m every
case, and the techniques of colk and ad were the same as m
the mfective hepatitis expertments (@ L1&) There were seven recipients of
Ar SI who developed jaundice and contributed nasopharyngeal washings
garglings and tonsillar swabs from 31 days before to 4 days after the
appearance of therr jaundice  Each pool was collected from one to five
donors (Table 58) There were seventeen recipients of whom five received
matenal from only one pool, three recerved matenal from two, erght recewved
from three, and one from four pools (Table 59)

All the volunteers were between the ages of 30 and 60, except fwo aged
18 and 24 who received Ar SII, one aged 20 who recetved faeces, and two
aged 23 and 29, who recetved nasopharyngeal washings

Results

Serum  Each serum d an active agent which
when mjected subcutancously, produced hepatitis 1 seven out of ten and five
out of mne recipients respectively after intervals scattered evenly between
extremes of 41 to 80 days (Table 57) These results suggest that the

TABLE 57
Himan T) Exp mA herapy Hepatitis
No of
Material BSource No of | recipients | Incubarion
recipients | beconnng peric
Jaundiced | (days)
Serum Ar 5[ Patient Ar I st day of jaundice 10 7 41-72
© ArSIT Panent Ar 1T Ist day of Jaundice 5 5 45-80
Faeces Ar FI Patient Ar ITand 4 patients induced 15 0 -
by Ar
Ar FIt 4 patients 1aduced by Ar SI 5 0 -
Nasopharyngeal | 7 patients induced by Ar 51 17 2 100 and 104
washiags

hepatitis of Ar I and Ar I[ had not been caused by the arscmcal? mjected
Ti\‘?mcuba!mn penods give little clue as to whether the dorors’ gepmxus
was caused by nfection with or imjection of the agent of mfecuve cpfa\:;s
or mjection of an agent of serum hepautis The fact that ucmct OAr l;
recipients had an incubation period of less than 41 days, and tha od
had had mfective hepatiis 12 months before the 1llness mvestiga <
by us and before he contracted syphilis suggests that the dxag:OSIi V}:r
homologous serum hepatitss at least in his case  The high amcfa:g ‘; o
recipients aged 30 to 60 moculated subcutaneously 1s alsodm &
serum hepatius  The husband of one wnduced case developet Jm,;UOR A
days later We hoped that the a\pplu:an;)(;x3 ot‘fﬂ:}? w]g::;;r:;l;)cr;gf);em P
d by Miles (1946 and sce p of this

:::;:‘\:f a:sanhem;y hepatitis would help to identify t:h:nae‘:vx::oilgﬂloa’f;::
1n these cases But_un'fort’l-xiairil'): fws:u:iaﬁtg;yd :)l\nr ‘g‘ e rectpients
any conclusion to be

the two cases studied
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TABLE 58
Detarls of Donors contributing 1o Pools of Nasopharyngeal Washings

Nasal washngs Doror panel
Date of onset of
Pool No Donors Donor No donor 3 Jaundice
1 z z 131244
1 z ¥ 18 145
iy Ly WY x 201243
v nyt w 2 145
v s v 12 14
VI s t 171244
viI Xy s 212

Faeces  Transmusston experiments with faeces gave entirely negative results
1 the group of twenty recipients, five of whom were under 39 years of age
and fifteen between 44 and 57 years

TABLE 59

Results of Transmission Experiments with Nasopharyngeal Washings from Cases
of Hepatitis Induced by Serum from a Case {(Ar I} of Arsenothcrapy Hepantis

Pool No 1 1 m v ] v Vi v
Date of
collection | 181244 | 191244 | 201244 | 221244 [ 221244 ) 231248 | 281244
_ . a _
b b - b - b
e c ¢ -
d d - d -~
¢ < . .
f 1 -~
Recipients -~ r g 3
- I h h -
- - f h '
Z z ’ k k N
z z - m - m N
- Z n - n
z z - - °
- - - - - »
Z z z q
N z z -~ - - r

Note —Recipients f and k became jaundied

Nasopharyngeal washings 1In a prelunmary communication (MacCallum,
1946), made 3 mounths atter the admuustrauon of the nasopharyngeal
Washings this group was also described as negative ly, two of
the seventeen reciprents (£ and k 1 Table 59) became jaundiced 100 and 104
days respectively after therr ficst mnoculation f recewved nasopharyngeal
Washings from three paols contzimng matenal collected 31 days before to
4 days after the appeacance of icterls 1 five donors. k two moculatiops

om pools collected 27 days before to 4 days after the onset of jaundice
from four donors They both received matenial from Pools IV and VI The
former was obtamed from three donors on the 27th and 7th days before and
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the 4th day after, the appearance of jaundice respectively, Pool VI was
derned from a single donor the day after the appearance of jaundice
Matenal from these pools was admmstered to seven and six other recipients
respectively It 1s regrettable that serum from these donors was not collected
at the same tune as the nasopharyngeal washings 1n order to test for ciren
Jating virus, but an experiment by Paul Havens, Sabin and Philip (1945) has
shown that the causative agent of homologous serum hepatitis was circulating
1 the blood stream 30 days after the inoculation and 64 days before jaundice
With this 1n mind, and recaling our negative results with nasopharyngeal
and oropharyngeal washings from cases of nfective hepatitts (see p 120), one
1s tempted to mcnmmate the pool contamnmng the matenal collected from a
patent 27 days before the appearance of jaundice. There 15 of course the
possibulity that both these reciprents contracted infections of infective hepatetis,
but there were no known cases 1 frends or relatives
Duscussion

Though the amount of matenal tested and the number of reciprents were
small these results mdicate that the ncubation pertod of so called arseno
therapy hepatitis followmng parenteral njection of blood corresponds to that
of hepatitis following mjection of serum from cases of infective hepatiis
and homologous serum hepatitis, this finding grves no clue as to the nature
of the onginal donor’s disease The fact that serum from 2 donor, Ar II,
who had had infectine hepatitis about a year before the onmset of his
arsenotherapy hepatitss produced a2 high attack rate 1n adults, and the
negative results with faeces, suggest that the illness of Ar II, at least, was
homologous serum hepattis  The high attack rate followmng the njection of
the sera Ar SL and Ar SII, together with the results of the field experiments of
Salaman and his colleagues (1944) provide the proof of the hypothesis on
which both types of expenment were based, 1e that arsenotherapy hepatitis
ma VD clinic 1s usually the result of the mjection of an icterogemec agent
present mn the blood of one or more mdividual: ding for The
agent 1s extremely resistant to heat and the weaker antiseptics and cases
of hepatitis occur when the same syrnge 1s used for treating a number of

without adeq between mdmvidual bleedimgs and

mjections
GLANDULAR FEVER

It has been noted frequently 1n recent years that certain cases of glandular
fever became jaundiced 1n the course of their illness It was ongnally
suggested that thus was the result of obstruction of the common bile duct bg'
enlarged glands but more recent biopsy studies of the liver hase indicate
that the leston is intrahepatic and resembles that seen 1n infective hepau‘tls
or homologous serum hepatits ’{here hi':s b:en a suggestion that plandular

related m some way to infective hepatitis
fe‘lixr :;e course of our mvestigation scveral cases of glandular fever mﬂ}
jaundice were seen  The serum from one such patjent collected on the day!od
onset of jaundice was separated from the cells and 075 m! wa; m)lecgd
subcutancously mto each of stx volunteess None of the volunteers develop
either hepatitis or glandular fever
General Discussion

In the preceding pages we have used the terms m common l:;:cui“,’:

describing the various types of hepatitts under discusston te
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hepatus, homotogous sesum hepatitss and arsenotherapy hepatstis  Arseno.
therapy hepattts ts considered as sepresentame of a group for which the
term synnge-transmutted hepatitis has been suggested recently  We beheve
there ate two different agents sesponsible for ihe fizst twa types  As either
agent may be present 1 the serum of an mndividuat and so cause serum-,
uansfusion-, or synnge-transmitted hepatius 1t 15 proposed for the purpose of
clanity m discussion to call the agent of infectne hepatlts, hepautss virus
A, and that of homologous serum hepatius, bepautis virus B

1t hos alrendy been stated thot the smoll number of postive takes m our
human volunteer experuments render these unsuitable for stausecal analysis
This hmttaton must be dept 1 nuad when reading the following discussion of
the results of the expenments reporied bere and of sundar expenments
carried out by Nindlay and hus colleagues (1943-45), Havens and s colleagues
{1944 46) and Neefe and his colieagues (1945-46)

1t 15 now penerafly accepted that mfective hepantis (epidemite hepatitis)
1s caused by a virus (hepautis virus A)  Though claums of successful trans-
smission of ibe virs to mnous ammnls have b:en madb‘ these have not been
white rats on &
protem deficrent diet suggest z passtblc apprcach o the problem We have
described what appeats o be 3 teanswissible disease m these rats, bat the
source of the causatnve agent has not beent detessumed  The disease fadled
to appear consistently in later passages so that sansfactory neu(mltzaucu
tests with human bhepatios L serUm wese Trans-
mussson of the disease failed to occur afier the 12t passage  Three further
attempts to seproduce the disease by bitnd passage of organs of rats inoculated

fresh, presumably infecine, facces and blood from cases of mfecine

hepattus have also been unsuccessiul

As a result of the fadure of ammal vansmisston expenments recourse
fias been made 10 buwman volunteers w the Umted States aad m Englond
We have obtaimed evidence of the presence of virus m faeves from cases of
mfectve hepatitts from several days before the appearance of jaundice to ¢
days after (Table 55, p 123)  Sinular results have been obrined by Findlay
and Willcox (1935), Havens er o/ (1944), and Neefe er of (1945}, with
the Jatest positrve stool collected on the aighth day after the appearance of
undice  Havens and Neefe faded to obtam evidence of the persistence of
sirus an the serum or stools 23 to 31 days after the anset of ifiness m
mdviduals from whom posttve specimens were obuamed dunng the eatly
¢2ges of the duease  Findiay snd Willcox found the virns also w the unnes
of patents who were sufferng from onpary schistosomuasis as well
All our attempts to dewmonsteate the presence of virus n the pasopharyox
and oropharynx after the ouset of symptoms have fmled (Table 60,
p 138 It 15 possible that the virus 1s present m the nasopharynx and
vrapoacynt some tme dunng the webaton penod of the disease fsee p 36
but thus hyposhesis 1s as yet unprover  There bave been a cenam number
of ep which, on grounds {1 ¢ the presence of an
excessive number of flies, msomtary condittons and dnalng water contami
uated with faccal osganwms) appear to have been spread by ingeston of
food or water contznunated by faeces contaming wrus. In the majorsre
of epidemcs, however, especially those stedied 1 England the spr:ad
wnfection appeats to have been by direct contact  All bl
chucal expeniments to date mdiates that the facces o
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the 4th day after, the appearance of jaundice respectively, Pool VI was
dertved from a single donor the- day after the appearance of jaundice
Matertal from these pools was admuustered to seven and six other reciprents
respectively It 1s regrettable that serum from these donors was not collected
at the same time as the nasopharyngeal washings 1n order to test for circu-
lating virus, but an expenment by Paul, Havens, Sabin and Philip (1945) has
shown that the causative agent of homologons serum hepatitis was circulating
mn the blood stream 30 days after the inoculation and 64 days before jaundice
With this 1n mund, and recalling our negative results with nasopharyngeal
and oropharyngeal washings from cases of mfective hepatitis (see p 120), one
1s templed to mcniminate the pool containmng the matenal collected from a
patient 27 days before the appearance of yaundice There 15 of course, the
possibility that both these recipients contracted mfections of 1nfective hepatitis,
but there were no known cases 1n fricnds or relatives
Discussion

Though the amount of matenial tested and the number of recipients were
small these results indicate that the incubation penod of so called arseno-
therapy hepatitis following parenteral injection of blood corresponds to that
of hepatrus following njection of serum from cases of wfective hepatitis
and homologous serum hepatitts, this finding gives no clue as to the nature
of the onginal donor’s disease The fact that serum from a donor, Ar II,
who had had infective hepatitis about a year before the onset of s
arsenotherapy hepatiis, produced a high attack rate i adults, and the
negative results with facces, suggest that the illness of Ar II, at least, was
homologous serum hepatiis  The high attack rate following the injectton of
the sera, Ar 51 and Ar SII, together with the results of the field experiments of
Salaman and his colleagues (1944), provide the proof of the hypothests on
which both types of expenment were based, 1e that arsenotherapy hepatitis
m a VD chne 1s usually the result of the mjection of an icterogemc agent
present 1n the blood of one or more individual for The
agent 15 extremely resistant to heat and the weaker antiseptics, and cases
of hepatitts occur when the same syninge ts used for treating a number of
individuals without adequate sterhization between individual bleedings and
jections

GLANDULAR TEVER

1t has been noted frequently 1n recent years that certain cases of glandular
fever became jaundiced m the course of their illness It was onginaily
suggested that this was the result of obstruction of the common bile duct by
enlarged glands but more recent biopsy studies of the hver have ndreated
that the lesion 1s intrahepatic and resembles that seen m infective hepattis
or homologous serum hepatitrs  There has been a suggestion that glandular
fever 13 related 1 some way to mfective hepatitis

In the course of our imvestigation several cases of glandular fever with
jaundice were scen  The serum from one such patient collected on the day of
onset of jaundice was separated from the cells and 075' ml was mj‘ec(t:iil
subcutaneously 1nto each of stx vol None of the p
ether hepatitis or glandular fever

General Discussion

In the preceding pages we have used the terms in common

describing the various types of hepantis under discussion, 1€

use for
1nfective
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hepatitis, homologous serum hepatins and arsenotherapy hepatrtis  Arseno-
therapy hepatitis 13 considered as representative of a group for which the
term syringe transmrted hepatiis has been suggested recently We believe
there are two different agents responsible for the first two types  As esther
agent may be present i the serum of an individual and so cause serum ,
transfusion , or syringe transmutted hepatitts 1t 1s proposed for the purpose of
clanty m discussion to call the agent of nfective hepatitis hepatiis varus
A, and that of homologous serum hepatitis, hepatitis virus B

It has already been stated that the small number af posxme takes 1m our
human volunteer e render these analysis
This hmitation must be kept 1 mind when reading the roIXowmg discussion of
the results of the expertments reported here and of simuilar expenments
carned out by Findlay and hus colleagues (1943 45) Havens and his colleagues
(1941 46) and Neefe and his colleagues (1945 46)

It 1s now generally accepted that nfecuve hepatitis (eprdemuc hepatitis)
1s caused by a virus (hepatiis virus A)  Though claims of successful trans-
musston of the wirtis to various ammals have been made, these have not been

Our on Wistar stran white rats on 2
protemn deficient diet suggest a possﬂ)le approach to the problem We have
descrsbed what appears to be 2 transmissible disease 1n these rats but the
source of the causative agent has not been determined The disease failed
to appear consistently in later passages so that satisfactory newtrahzation
tests with human hepatitis sefum were Trans-
mission of the disease failed to occur afier the 12th passage Three further
attempts to reproduce the disease by blind passage of organs of rats inoculated
with fresh, presumably nfective faeces and blood from cases of wmfective
hepatitis have also been tmsuccessful

As a result of the failure of ammal transmission expermments recourse
has been made to human volunteers in the United States and m England
We have obtamned evidence of the presence of virus in faeces from cases of
mfective hepatitis from several days before the appearance of jaundice to 4
days after (Table 55, p 125) Smular results have been obtamed by Findlay
and Willcox (1945) Havens ef af (1944), and Neefe er of (1945) wath
the latest positive stool collected on the eighth day after the appearance of
jaundice  Havens and Neefe failed to obtain evidence of the persistence of
virus 10 the serum or stools 25 to 31 days after the onset of illness 1in
mdwidals from whom posiie specimens were obtamed duting the early
stages of the disease  Findlay and Willcox found the virus also in the unpes
of patients who were suffering from unnary schistosomiasts as well
All our attempts to demonstrate the presence of virus mn the nasopharynx
and oropbarynx after the omset of symptoms have faled (Table 60
P 136§ It 1s possible that the verus 1s present m the pasopharynx End

excesstve number of flies, msamitary conditions and dnnking water contami
nated with faecal orgamsms) appear to have been spread by ingestron of
food or water contamunated by faeces contamng virus  In the majonty
of epidemics however, especrally those studted 11 England the spread of
infection appears to have been by direct contact. All the evidence from our
¢chuical expersments to date indicates that the faeces are the source of the
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virus for such mfections There have been several reports of epidemics of
wfective hepatitis 1 which 1t has been supgested that the source of mfection
has becn an indwvidual i a relapse from infective hepatitis Unfortunately
there 15 no expennmental evidence for or agamst thus hypothests

The virus has been detected circulating mn the blood stream of an induced
case of mfecuve hepatits as early as 3 days before the first symptom
and 13 days before the onsct of jaundice (Franeis, Frisch and Qumibgan,
1946) The virus has been found n the blood as late as 8 days after the
onset of symptoms, but not 31 days after the onset of symptoms (Havens,
1946a)

TABLE 60
Summanzed Results of Human Transmssion Experiments
. P .
Material Route of «
admumstration '
+ - Not tested
Oral Havensefal (1944) | Havens (1946%)
Neefe ef al (1946) | MacCallum
(1946)
Serum
+ + +
Subcutancous | Cameron {1943) Olphant et a! | MacCallum
MacCallum and (1943) (1945)
Bradley (1944) 2cCallum an
Havenseral (1944) Bauer (194)
Oral -~ + .
Nesopnayoseal | O MacCaltumand | Findlayand | MacCallum
Bradley (1944) Martin (1943) {  (present report)
Neefe e al {1946)
Havens (1946b)
+ - -
Facces ol MacCallum and | Necfe e ol MacCallum
Bradley (1944) (1945) (1945)
Havens ez al (1944)
+
Unine Oral Fmg.l‘asy) and Watlcox) Not tested Not tested
(

i’l?k!rggcopl?useﬁs";v‘:r?ea‘}so suffering from urnary schstosanuasts {(p 126}
1s wnteresting to note that there have been several mnstances when sera
colllictcdm from :y%ml cases on the day of appearance of jaundice have [ml;d
to produce disease 1n groups of five or six recipients when moculated sub-
cutancously (Table 53, p 122, and Neefe, Stokes and Gellis, 1945) "
The question of the duration of the presence of the hepantis virus A 1a the
blood 1s directly related to the problem of the disease at present knfown as
homologous serum hepauts It 15 now recognized that certamn pools o scr\:}n
d plasma from apparently healthy individuals may contam an 1cterogenic
aud P wtamnlls nrndness 7 disease climcally mndis-
whether the causative
Jur experiments durng
have demonstrated the
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presence of an infective agent, which was probably virus A, m the blood
of an individual with hepatitis, who at the tume was asymptomatic and his
serum bilirubin only 025 mg per 100 m! (see p 123) Franas et af (1946)
have described the case of a soldier stationed in Italy when infective hepatitts
was epidemic, who was 1n good health when he donated 500 ml of whole
blood for a teansfusion, 2 days before the onset of s symptoms and
jundice  He was constdered to be a case of ifection with virus A The
recipsent developed symptoms of hepatiis 11 days later and jaundice 21
days after transfusion  Blood collected from the recipient 3 days before the
onset of symptoms and 13 days before the appearance of jaundice contaned
an cterogemc agent These results indicate that 1t 15 possible for an
ndividual who 13 symptomless but carrying virus A (of infective hepatitis)
m his blood to render a pool of blood rcterogenic

TABLE 61
Results of Cross immunity Experunents by Various Authors

Result of rewoculation witk wateral from
cases o
Nature of first attack in | homalogous sevum infective hepatsnis
Author subjects revioculated
No No Mo No
wmocalated | deseloping | moculated | developing
Jaundice Jaundice

Beeson Chesney | Infective hepatitis in child 1 3 - -
and McFarlan | hood

Haveos (1945) | Expenimentalhomotogous | — — 3 3

serum hepatitis

MacCallum and | Homologous serum hepa 10 4 - -
Bauer (194+) ttis

Natural attack of tnfective 2 t - -
epal

MacCalfum,  { Homologous serum hepa- | — — 2 2
Stewart dnd s
Bradley (pre
sent report)

Neefe Stokes | Expenmental homologous 6 [ 6 2
and Gellis serum hepating +30
(945) Expenmental mnfective - - 3 ¢

hepanus

Oliphant (1944b)} Expenmental homologous 10 0 - -

serum hepatius
Expenmental homologous | — — 0 o
serum_hepatitis ¥

* These three cases showed hepatitis but 10 jaundice
1See text for possible exp of the Lous result in this exp:

The results of admmstering to volunteers serum, nasopharyngeal washings
and faeces from cases of infective hepatis (wirus A), homologous serum
bepantis (virus B) and syringe-transmutted hepatiis are shown mn Table 60,
and the results of mumity and cross-tmmumty expenments 1 Table 61
These results mdicate that m the majortty of wnstances the icterogenic agent
Present in the serum or plasma causmg homologous serum hepatitis 15 not
vitus A (of mfective hepatiisy Virus A has been found 1 the facces and
urne  Virus B has not been found m the facces mn naturally-occurrmg cases
of homologous serum hepatitis or 1n experrmentally-tnduced cases even when
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the donor serum was njected subcutaneously It has not been tested for i the
unne  Virus A has not been found m the nasopharyngeal washings, but
ssolation of virus B has been claimed by Findlay and Martin (1943), we also
obtaned apparent transmission of an agent in nasopharyngeal washings which
probably was virus B, but after a much longer incubation penod (see p 134)
In a Dision of the Amenican Army 1 the Mediterranean theatre a group
of 438 ndividuals convalescent from one type, virus B hepatitis, seemed to be
24 times more susceptible to virus A than did 2,519 normal controls (Gauld,
1946) Pooled serum from cases of virus A hepatius has been mfective
when given by the oral or parenteral route, but pooled serum contaming
virus B has only been mfectve by the parenteral route Results sumlar
to our own with pooled scrum contaiung virns B have recently been
reported by Havens (1946b) Expenimental remoculations with homologous
and heterologous agents (Neefe et af, 1945, Havens, 1945) have indicated
almost sohd ymmunity to the homologous agent, but none to the heterolo-
gous agent, except m the expenment described by Ohphant (1944b), (see
Table 61) In lis case the patient was presumed to be suffenng from
mfective hepatitis m Italy but may have had virus B mm his blood
If we accept that there are two agents, A and B, which cause a simular
climeal disease, 1t 1s difficult to determme without a confirmatory labora.
tory test which agent 15 involved when an individual who has not recerved
an anjection of blood develops hepatitis  To date, all such cases have been
presunted to be virus A nfections  All studies of virus B infections have
‘ongnated from pools of iwcterogenic sera, but 5o far no donor known to have
had a recent attack of hepatitis has been traced as having contributed to these
paols  No case of hepatiis of etther type examined experimentally has been
shown to be carryng an icterogenic agent it hus blood as long as a month after
tus bepatitis  So far, no complete study has been made of a subject with
hepatitis, who has not recetved any type of ijection which mught have been
responstble, whose blood has been nfectve after a long incubation penod
(60 to 150 days) when njected parenterally, and whose serum and faeces
have failed to produce disease when administered orally—the present criterra
of virus B infection How then 1s infection with virus B transmutted other
than by myjection, for it 1s unlikely tbat the virus could be mamtamed
the communty by this method alone? Findlay and Martin (1943) clam to
have caused hepatitis m three volunteers by the oral adminsstration of naso-
pharyngeal washings from three cases of presumed virus B mfections , the
sacubation periods n these cases were 28, 30 and 50 days respectively
This 1s a very high attack rate and does not agree with observation m the
Sed, but ot may bave sesulted from the particular circumstances of !hcl;‘
expenments  Two cases of hepatius occurred after incubation perrods o
about 100 days among our group of seventeen volunteers who recewved naso-
ases of hepatiis which were probably caused by
pharyngeal washings from ¢ of hep: % adults
virus B (patient Ar 1 see p 132) The lugh attack rate an';onti o
1moculated with pools of sera presumed to contain wirus B sugsehs s thal 4;’
11 proportion of the population has been exposed to this agent a
a small prop arus A m England The presumption 15 therefore that if
mmp?red v ‘;um hepatitis lsa tealy wfectious, 1t 15 either a new disease or
homalogons *® difficult It 15 not known whether the apparent
natuzal tmnsn::;s;s; 1;ivle}1;§ disease 15 due to 1ts better recogmtion, or to an
z‘:{l:sfn:;e;nse 1 the number of cases as a result of the widespread use of
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blood products, which 1 tum may have caused npaturally-occurrng cases
from contact tofecton If there has been an increase 1n such natural
infecttons among uninoculated individuals can the increase be related mn any
way to the recent epidermcs of virus A mfection? Could such an increase
be related to the reactson of the host to virus A, with production of a new
vanant of the virus of a new antibody i the serum? Patients who have
had virus B hepattis and apparently recovered seem to be more susceptible
to wfection with virus A than do normal individuals But McKinlay and
Truelove (1947) found that a previous attack of mfective hepatitis did not
affect the liability to arsenotherapy hepatstis

Thus 1 spite of the saformation which has accrued from these expertments
1n human volunteers the derivation of virus B and its possible relation to virus
A remams unsolved

Both agents, if we constder there are two, are very ressstant to the
ordinary methods of inactivation And at prcscnt Ihe unIy sausfacmry
routme method of rend sera non
Recent observations indicate that even this method may not always be
effective as a routine with the equipment 1n use 1 certain centres (James,
Korns and Wright, 1950)

We wish to acknowledge with thanks the help of Dr J Mutchell of
Cambndge and Dr A S McFarlane of the Natonal Insttute for Medical
Research m the ultraviolet wradiation expeniments, and that of Dr R A
Kekwick of the Lister Institute in providmng the ether-extracted sera and
carrying out electrophoretic examination of one of the wradiated sera
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VIL SUMMARY

Epidemiological Studies

{1) Notfications of infective hepatiis, which were made compulsory 1 pine
counties 1 the cast of England with a total population of 26 mullions
(Region 4), showed a falling incidence from 1943 to 1947 mterrupted by a
shight nise 1 1946

(2) The scasonal trend m 1943, 1944, 1945 and 1947 resembled that found
10 other countries with a fall from the beginmng of the year to @ mmmum
1 summer and a mse beginmng i auturn and continued 1n winter In
1946 there was a peak in carly summer due to an epidemuc m the southern
part of the Region

(3) The age distrsbution of cases mndicated a peak incidénce n children
aged 5 to 14 years  The incidence in young adults was higher than that of
some other common infectious diseases Homologous serum hepatitis has
a different age mcidence with a peak 1n adult Life

(4) The maidence 1 urban disiricts was lower than that i rural dustcts 1n
1944, equal to 1t 1n 1945 and higher 1946 and 1947

(5) Epidemics 1 towns and villages lasted for several months with a slow
nse and fall In several large towns an epidemic was followed by an endemuc
prevalence, but 1n small towns and willages o cases were notified for months
or years afterwards

(6) The geographical ‘distnibution of the disease mn successtve years sug
gested that the mfection had spread centnfugally over the Region from
London  Centnfugal spread from a town to surrounding villages was observed
m three areas

(7) The incubation perod was estimated by several methods and the results
confirmed earhier work by showing that 1t was about 20 to 40 days Infec
ity 15 greatest at the time of onset of symptoms but some observations
sngg;;(cd that there may be a period of tnfectrvity early 1 the wmcubation

T

(®) Details of an outbreak 1n a mental 1nsttution are given

(9) Contact was the probable mode of spread Carriers are probably
concerned n the spread, and epidemuological findings suggest that both
pharyngeal secretions and facces may transmut infection

Clmical Observations
(1) Clinseal stuthes are eported on 2000 sporadic and epidemic cases of
wfective hepatitis 1 Service personnel
2) The common signs were jaundice, enlargement and tenderness of the

tver spl fever and bradycard
() The majonty of patients presented a combmation of general and
digestive i S of upper -y mfection appeared to

be comeidental rather than an integral part of the disease

(@ It was not possible either . the sporadic or epidernic cases 1o this
WIS to separate different chimeal types of jaundice by the presence or
absence of consututional symptoms and on clinical grounds there appeared
10 be no evidence that * catarrhal jaundice ™ exists as a separate entity from
fective hepatitis

(5) The course of the disease 15 drvided into pre ictenc ictenc and post
ietenc stages  Dunng the pre tctenc stage symptoms were most severe and

"
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Iner damage, in cases which followed the usual course to recoveryt
maximal Remussions occastonally occurred with dissociation of genenal
digestive symptoms  Dunng the icteric stage both svmptoms and Lver !
tion improved rapidly ™ '
frequently outlasted ali
even more persistent !
post 1ctenc stage, some residual symptoms often persisted but these
rarely seyere enough to terfere with normal work  Residual signs el
hepatic enlargement and tenderness, and splenomegaly

(6) Relapses might occur while the patrent was still confined to b
the absence of any obvious p factor 1 1nfes
appeared to be without effect on the course of the disease

{1 A companson of sporadic cases n home based unis with epx
cases 1 troops recently returned from the Mediterranean area reveak
difference 1n symptomatology or i severity as judged by clintcal %
chemucal cntenia A

(8} Cases of non icteric mfective hepatitis encountered during the ¢
nvestigation were very few, and depended on biochemical evidence fo,
diagnosts

(9) Although both symptoms and Iner damage were usually maxy
the early stages of the disease they did not appear to be causally rela

(10) A number of patients were studied 1 wham jaundice develop
the course of antr syphiitic treatment with organic arsenicals, after

h £ 1ol

fuston with blood d or as a p of g fev
malarra  The nature of the liver disorder 1n these conditions 1s discus

(11) Therapeutic trials with cysteme and methiomne suggested that
substances may have a beneficial effect on the rate of recovery, but !
observations are needed on thts point There appeared to be no vir
restncting the intake of fat in the dret apart from the distaste of some p:
for greasy foods

Biochemical Observations

(1) The brochemical tests used to follow the course of the disease we
(a) serum bilirubin estimation ,
(b) direct quantitative Van den Bergh reaction ,
(¢) unine bilirubin estimation by Hunter's test ,
{d) unne bihirubm estimation by 1odine ning test ,
() urine urobihn and urobili by
{f) bromsulphalemn excretion test,
(¢) ntravenous hippunc acid test

(2) Results suggested that liver function was deranged 1 most cases
10 days before the appearance of yaundice and often very shortly afte
onset of symptoms Serum bilirubin and wrme urobihin plus urobiln
remaied within normal hmuts unul 2 to 3 days before the appearan
jaundice

(3) Abnormal results 1 some of the tests have been used to diag
sub rctene cases of the disease when Irver damage may occur

(4) The vanation of bilirubmuna, serum bilirubin, unnary urobiln
urobilinogen during the disease 1s summanzed 1 a diagram

(5) Results from the hippuric acid synthesis test indicated that maximu
Ywer damage occurred before peak serum bilirubin level was reached

pic test ,
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1y occurred 1n most cases but occasionally hver damage
1y months
tation of the results of the Van den Bergh reaction 1s

Haematological Investigations

carly subictenc cases of infective bepatiis from
{ neutropenta and shght lymphopemia with a relative
1S v o ved drd more «han the normal number of plasma cells
seen
Service personnel seen soon after jaundtce appeared the blood picture
nlar except that there was an absolute monocytosis and fewer cases
ed an abnormal number of plasma cefls
A marked 1ncrease in large lymphocytes occurred mn the early stages
£disease with a fall of small lymphocytes Convalescent Service cases
ed a shight lymph and the p: of large and small
hocytes returned 1o normal about 6 weeks after the onset when the
= blood picture was approaching normal
Abnormalities 1 erythrocyte counts and haemoglobin and haematocnt
'S . a 3R -~

. '

1 '
le salts to the blood might cause an nhibitton of the erythrocyte
entation rate n the acute phase of the disease

Other conditions such as rubella and malana wiich may be confused
the blood picture of infective hepatitis are discussed

Serological kaveshigations

(1) Salne extracts of livers from fatal cases of homologous serum mfective
¥ arsenotherapy hepatstis were used as antigens m complement fixation
&ts agamst sera from acute and comvalescent cases of all three diseases
“Mracts of normal livers were used as controls

@) Sera from cases of hepatius duning an
i hich reacted with hver

those from other types
were obtamed

)} A complement fixation reaction oceurred between early specimens of
€52 from all three types of hepatitis and extracts from normal and abnormal
wets This was not observed when convalescent sera were used
“ .H'!h titres of agglutimns for sheep s erythrocytes were reported in cases
iy aéveloped homologous serum hepatitts after recerving dried reconstituted
or not No abnormal titres were found m sera
arsenotherapy hepatitis nor i fresh icterogenic

! : sted a ddferent causation for mfective hepatiis
s serum or arsenotherapy hepatitis but there 1s
v ewuence for or agaimst cross immunity between the latter two conditions
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‘Transmission Experiments
(1) Attempts to transmut infective hepatiuis to normal golden I
Orhney voles, cotton rats, young gumeaspigs, pregnant gumc?
ther foetuses, canaries and mice, and pigs on deficient diets were 'igal
(2) Blood, facces and unne collected from cases of s 4 = dunn)
moculated 1010 rats on a low protein diet  Tissues fi ted, but these
used for moculations 1nto more rats and caused csndv.;a] s
£ns 1nc
baemorrhages 1n the lungs, stomach, ntestine;
inflammation of the spleen ‘The <ymptoms faile
passage The results could not be confirmed
(3) Human volunteers recerved nasal, oral or parenteral admumst
of nasopharyngeal washings, serum, unine and faeces collected from ¢
infective hepatitis  Positive results were® obtained from nasal an
di of faecal or 1 of serum
@E ) serum was d by mjection b
by nasal or oral administration of icterogeme serum
(5) The active 1cterogentc agent present in cases of arsenotherapy bt
could be transmutted by subcutancous injection of serum, but not b
1on of faecal It was very resistant to heat
weaker antiseptics, and the use of inadequately stenlized symnges
be a factor m 1ts transmssion
(6) Infective hepatitis 1s believed to be due to a virus called virus A,
1s evidence of 1ts presence i faeces from cases several days belor
appeatance of jaundice untit 4 days afterwards
(7) Vuus B causing homologous serum hepatiis has not been
1n faeces
(8) The denvation of virus B and 1ts possible relation to virus A 1
undecided

v
10 Ve wleny







