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Foreword

In the past few s cars a number of tmely and interesting svmposta have
been sponsored by the Henrs Ford Hospial These have been on an
international level bunming together from mamy parts of the world
students of the subject under discussion The svmposia have made an
unusually signeficant contribution to progress in various areas of medical
research This has been due 1 part to a fortunate choice of subject
matter and to the participation of mamy well qualified scholars but the
character of the symposta their freedom of drscusston and nterchange
of 1deas and new mformation has been the prinnary factor in their success

Tt would indeed be difficult to concene of any topre more appropnate
than viral hepants for such a symposium the transactions of which are
recorded in the present volume Tlhis subject touches mumately on 2
great many disciplines i the medical suiences including among others
the anatomy and physiology of the liver 1ts more tangible functions and
methods of measuring their aberration 1n discase especilly viral hepa
utis the pathology of hepatitis and the fascinatng and controsersial
question of its importance 1n relation to chromc Iner disease especially
crrhosts climeal d and and of p importance

virology and epidemiology  In World War IT as in previous wars there
was a strnking ncrease 1n morbidiey nesdence of the disease but ats
viral enology was now recognized for the first time and genuine forward
progress was begun Nevertheless infectious hepatits 1s probably the
most 1mportant of the viral discases vet unconquered at least insofar as
any useful concentranon of the 1irus 1» concerned Thus the present
svmposium was especially nmels 1 that some current important ad
vances in this area were described
The wide range of subtopics undoubredly contributed greath to the
general nterest and the feeling that the svmposium was soundly con
cened and its program well planned All who attended will be grateful to
the plannmg « and will the p p of
the Henry Ford Hospital and 1ts seaff 2nd all who have an opportumty
to read these transacttons will be grateful to the publisher Lintle Brown
and Company for assuming the financial responsibihty for publication
CraiL ] Watson MD
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PART 1

Anatomy, Physiology and Pathology
of the Liver

AModerator CHARLES H BEST MD (Toronto Cantda)






I

The Structural and Functional Acinar
Uit of the Lyver — Somte
Histopathological Considerations*

A. M RAPPAPORT MD PuD
(Toronto Canada)

The liver 1s perhaps the organ most huled for 1ts vanous functions but
gly the least und d as to the structure of its

units that carry out these multple functions In recent times there even
has been a tendency to present this organ as an indinsible mass This can
only mean fatling to see the trees for the woods On the other hand one
would be mstaken m that the del of 1 and
functional umits 10 the liver results in substicution of a mosaic for organic
umty May I remind you that in other organs the understanding of therr
function has been advanced by the description of their structural and
functional units Renal physiology  for example 1s based on the structural
concept of the nephron which s also a functional umie

I wall artemprt to present the structural umts of the Lver with respect
to their circulatory secretory and metabohc function n the hope thnt
future research may succeed their \! y and h
activity Also the pathology of such umits will be skctcl\cd

The structural and funcuonal unie of the Iner has been called by us
hiver acinus a name grven already by Malpight (1666) * and later by Mas
cagnt 2 to the smallest amount of hepatic parenchyma attached to the
smallest branches of afferent vessels and bile ducts isolated by teasing
the nssue In our microscopic study we too have adopted the termunal
branches of portal ven hepatc artery and bile duct branching out from
the smallest triangular portal field as the atus around which are organized
small microscopic clumps of hepauc tssue srregular in size and shape
Thus trio of associated channels presents the dynamuc hne along which
nutrients and oYy gen are moved inro and the secretory product — the

ile —1s moved out from the parenchymal clump The ewstence of such
units has been proved? by simultaneous mjection of two differendy

This project 1s supported by a Grant DRBC g310-31 from the Defense Research
Board of Canada.
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4 Anatomy, Physiology and Patbology of the Lner

porlal ve n —T

Ticvre 1 Subdnision of the hexagonal lobule into hepanc structural umes
The structural umts are small berrs lihe parenchymal mwscs Situated
around the trio of termunal branches of portal vem hepati artery and bile
duct bran hung our from a small portal space The structural unte 1s the
horizomtal section thr ugh a red colored hepatic unit evrending from one

central vem ¢ another (From Rappaport Borowy Lougheed and Lotro
Anat Pev 1954)

colored gelaun masses through the two mam branches of portal vem
hepatic artery or bile duct Differently colored microscopic areas are seen
centered around thetr avial trio of channels and extending towards at
least two neighboring termunal hepatic (cenrral) vems they occupy
sectors only of the adjicent hexagonal ficlds (Figure 1)

In ths shde of a rabbits Iner injected by our techmque (Figure .)
sou can see the section of an acinus with the axial vessels in its center
and the terminal hepatic {central) sems at the periphery In the human
Iner the mjectton of India mk under 10 mm Hg pressure permits the



Fior®e 2 Acmar unit 1 the Iiver of a rabbic The area clear of India ik 15
centered around the 2vial channels that grow out from a small portal space
It estends mto two adyacent hexagonal fields the central vems of which are
scen m the Jower lefc and upper nght corners (Thick cleared section X 65
approx.) (From Rappaport Borowy Loughced and Lot dnat Rec 1954)

CY t1 .

Frovme 3 Luner acmo n humin 1yer The acmus occup es sectors only of
0 adiacent hexagonal fields and reaches ther central vens The avial
terminal portal branch of the structural umt 15 impected with India ok and
runs perpendicularly to the th o hepatic (central) vems v th whch i
mterd g tates It 1s visualzed by a fortunate cut parallel wth almost s
entre length The central vens be close to cach ot er i ths secton
(Thick cleared sectron X 200) {Trem Rappaport Anatomuc Cons derations
In Sehiff { (el) Diseases of the Iner p 5)



6 Anatomy Phystology and Patbology of the Lner

sisualization of the acim (Figure 3) They stand out because of the vana
fion m filing with dye The colonng 1s heavier when the plane of section
ss closer to the axal channel bringing in the dye As the acimi vary m
shape thev are cut at various levels by the same plane of section Each
acmus 1s of course part of 2 larger clump of tssue —2  complex acinus
arranged around a trto of preterminal channels which dnide mto the
tridimensionally spread out termmal branches supply ing the simple acinus
(Figures 4 and §) 4

The complex acini are parts of larger clumps acmar agglomerates The
latter are arranged around larger branches of portal vemn hepatic artery
and bile duct (Figure 6) Acimar agglomerates are parts of a group of
agglomerates supplied and dramed by stll larger svascular and biliary
branches of higher anatomtcal order A number of such groups of acinar
agglomerates will form a lobe m the mulnlobulated lnver of an ammal
The transttion from the microscopic to the macroscopic level occurs 1
the grouped acmnar agglomerates Thus the microscopic units do not stay
solated but are maturally integrared into larger units of which they are
part and which they help to form Followmg the path of the divstons of
afferent vessels and bile duct slong which the liver has developed from
an outgrowth of the foregut one can give a correct description of hepatic
structure The genests of the composite hexagonal pattern s fully ex
pluned by the tridimenstonal branching out of bile ducts and afferent
vessels in a limired space under the cupola of the daphragm and therr
mterdigitation with the hepatic venous branches 2

A closer look at the simple acinus reveals a Zonal relationship between
1ts cells and their blood supply  The liver cells situated close to the axal
vascular twigs (Figure 7 Zone 1) are the first to be supplied with blood
hence their blood suppls 15 rich m oxy gen and nutrients The more distant
the cells are from the site where the terminal portal and arterral twigs
empty 1nto the sinusods the poorer the quality of blood that bathes them
and the less their resistance to damage (Zones  and 3) It 1s evident that
not ll cells hying i the arca concentric about the portal space share
equally the possibility of bemng supplied with fresh blood although this
1s generally assumed Some cells n Zone B or C further from the porral
field will have an evcellent blood supply from the termnal vascular twigs
branching out from the same portal space Some cells 1n Zone A although
close to the portal tniad are remote from the arborization of the terminal
afferent vessels and therefore ar a disidvantage wrth regard to oxygen
and nutrients This zonal dependence becomes evident 1n certain abnormal
metabelic nutritional and circulatory states which might leave permanent
pathologic impnints on the structure of the acinar clump

Stanvation of a rat or mouse for 4 hours causes rransient fat accumula
tion 1n Zone 1 (Figure 8) The fat mobilized from the depots 15 brought



C.A ompl u P prtfmnlport lbach

Ficere 4 Human liver imyected with Tndn 1ok through portal ven (Thick
cleared section X 15)

GANIDY __

PSpripy eV et

Ficike 5 Human Iver mjected with India ink The complex ac nus 15 form &
Wy dree  mple acm branch ng out tnd mensionally from the portal space
Ot these the left one mects with 1ts cap llanzed vp the capillaries of 2 nergh
borng stmple ac nus (L1A1) wking part m the formauon of 2 hexagonal
field \ 1s the weak circulatory pont where Iesons break through from one
he g mal field to the neigtbonng one lnking their central vens (Ih ek
cleared section X 65 )



g A
Iy
5
Qﬂ’??

.y
o
[

ey

Dby

A,
2,

Frere 6 Human acinar agglomerate Humin Iner myjected with India mh
through the portal ven (Thich cleared section X 15)

Ps&

Fictre 7 The blood supply of the heparc acmar woe The lier acinus
occupies adjacent sectors of newht onng hevapenal bield  Zones 1 2 and 3
respectinely represent arcas suppled wh blod of first second and theed
qualn vith regard o oxygen and nutrent  These zcnes center about the
termimal afferent vascular branches and eveend into the portal field from
which these branches ongnate Zones © 1 and 3! designate corrosponding
areas tn a poruon of an adjacent acinar unt In Zone ¢ and 1! the afferent
vascular twigs emprs into the sinusoids. The circles A B and € del muc
concentrte bands of hepatic parenchyma arnd a small portal field They
mark the circulatory zemes tn decreasing order of nutrients anl oxsygen
content 35 assumed 1n the clascical concepts of hexagonal umts (Fr m Rappa
port Borowy Loucheed and Lotto dmar Rec 19x3)



P R
N
4L

PR AL AN

v, Bt s

portal

% eavm

PS portlsp ¢

CV earloe

Ficuse 8 Luer of a normal mouse stacved for 24 hours The far (black) 1
accamulated 1n Zunes 1 and 2 close to the afferent vesscls branching out from
the portal space (Frozen secction Ol Red O (ORO) st X 130 approx)

Y,

toyt )

PS ponttpe

3¢ diys Note rhe far (black)
porral space  (Frozen

nes a | e acnus the aval seruceures (.

1

le) of wheh branch out from a small

scenon ORO stan ¥ 40)

rar 1n chol ne deficiency for
utl

Fiotee g Liet of
accomul ted w Zone 3 It
vem ble ductul



10 Anatomy Physwlogy and Patl ology of tle Lt er

'
i
T
‘ e o]
| o
b 23

R Sa bt v
- léi‘%

i
st

A
;J

A"
,

(G

N

X

2 e

Ay 100
AR B Ly e
= CLRPh R RS G
C.V centrol ¢

Tigere 1o Liver of a rat in choline deficiency for 3 davs The far (black
and sacuoles) occupics Zones 3 and outl nes the vamous senar clomps that
differ 1 size and shape Note the bands of fatty nssue Linking neighboring
central veins They pass through the weak circulatory pomts (%) where the
tips of Zones 3 of adjacent 2cuu meet (Frozen secuon ORO stan X 15)
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mto the hver and 15 found so to speak 1n the frexght vard It has been
unloaded 1 Zone 1 where 1t 15 offered to the Iner cells for metabohsm

Choline deficiency for 3 davs a nutninonal anomaly produces fat
accumulation in Zone 3 while Zones 2 and 1 show no pathologic change
(Figure g) Note please that Zone 3 extends down to the small portal
space and that the same occurrence 1n several acint adjacent to this portal
field may produce the 1mage of peniportal fav, although the far 1s ac
cumulated in a peripheral eirculatory zone A lower magmficatton of the
same field (Figure 10) Mlustrates that the path along w hich the fat spreads
crosses another weak and peripheral pomnt of circulaton It 15 the site
where the capillanzed ups of the acinar avial vessels meet Here occurs
the breakthrough of rthe pathologic process from one hevagonal field into
the other The linking of one central vemn to the other by farry and
later by fibrous bands 1s thus expluned withour difficulry

When because of choline deficiency  the fat has permanently damaged
the parenchymal cells 1t 15 replaced by fibrous membranes of the same
zonal arrangement The fibrous bands sttuated at the shn eled perphery
of the Iner acim clearhy delineate them from each other (Figure 11) The
so-called pseudolobulation  thus produced reveals the true acinar lobules
each of which, howeser bears the marks of fibrosis (Frgure 12)
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Ficrae 11 Liver The structural un ts have been dissceted by the formation of
fibrous trabeculae 1 this preparat on from a rat in the early stages of dsetary
cirehosis due to choline deficiency A large conducting branch of the portal
ven occup es the center of the field From it rad ate a number of term nal
portal venules cach surrounded by a pynform mass of smusoids supplying
parenchym  which 15 1tace except at the periphery of each acinus Branches
of the central ven are siuated at the penphery of the field and are [ nked by
an annular ning of fibrou ussue from  hch other trabeculac extend slong
patl's midway bet cen the terminal venules toward the conducting branch of
the portal vemn n the cencer of the field In two places the fibrous tissue has
extended to the adventitial sheath of the vessel Fibrous 1
appear relanvely free of myected snk  (1ooy thick cleared secton X 80 )

Severe anoxia induced expermentally tn the dog by higation of the com
mon hepatic artery 30 hours after the formation of an Leh fistula regularly
causes necrosis tn Zones 3 and 2 1 a pattern simular 1o that of fatry
change and fibrosis (Migure 13)

Note again that the strands of necrosis m the hexagonal fields run along
Zone 3 and break through the peripheral capillanzed tps of adjacent
aciu Linking central veins to central vemns (Figure 14) Another example
of damage to the acim 15 that done by chronic hepatius Although 1t re
sults from an acute irregular or as Smetana ® calls it 1 alerdoscopre trans

formation of the normally quiescent Iner parenchyvma  stifl some lesions



Trere 1z Higher magmificstion of a shriveled structural acmar unit scen mn
Tigure 11 Note how the fibrous bands black the passage of mh through the
fow remuming, narrowed outlet vemules The creased reswstance m the small
vessels of the peripheral vascular bed 15 a cause of portal hypertension (100
thick cleared section X 240 )

[ PSpetl pe

Ficure 13 Liver of 2 dog Severe sschemia has cau ed neero 15 i Zane 3 and
10 part of Zone z The band of necross h » d sconnected two adjacent acm
(upper left comer) by bresking through the tps of their Zones 3 1t inks the
central veins to each other (Frozen section ORO staim X 65 appr>x )
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FictRe 15 The breakdawn of the uniform parenchymal mass mto 1ts acinar
constituents Ischemuc necrosts deteloping and progressing along the periphery
of the acinar unics debineates their boundanes Note porral spaces (1 2 3)
situated 1n the 3 comers of the ficld and arranged almost equidistantly on 2
arcle surrounding the centrat yem Note also the rregular acim (injected
with India mk} that grow out from the portal spaces and a small ik filled
venule leaving space 3 The central necrosis has stellate shape and s
projecnions extend to ard and beyond the weakest pomnts of eirculaton the
site where the capillarized nps of the acim meet each ather A stm lar d stnbu
von of lesions 1s observed in fatty change and m detany orrhosis (From
Rzppn}pon Anatomic Consideranons In Schiff L (ed) Diseases of the Liver
[2R11

may show a certan constant relationship to portal or hepatc vens In
persistent nonfatal hepantis there may occur a breakdown of the hex
agonal pattern nto pseudolobules (shnveled acm) with localization of
the lesion 1n Zone 3 but this dolobul: 15 not lized In the
other form of chronic hepatitis postnecrotic or coarse nodular cirrhosis
the hexagonal pattern stays unaltered n the larger nodes

The histogenesis of both lesions can be explamed on the basis of the
acinar concept In a case of coarse nodular (postnecrotic) cirrhoss
(Figure 15) only the circulatory periphery of the normal acinar agglom
erate shown in Figure 6 has been damaged while the outsharts of 1ts com
plex and simple acim have not suffered ver Tlus 15 the case 1n the Iner
of an 82 year old man who had suffered from jaundice for § weeks before
death His shightly smaller but not nodular I er show ed subacute necrosis
Note that the surviving node of parenchyvma (Figure 16) 1s supplied by




Ticere 15 Scheme of lesions i coarse nodular (postnecronc) cirrhosis The
distnbution of the fibrous bands 1s outhned in the normal hyman acmar
agglomerate shown m Figure 6 There 1s an accumulation of fibrous tissue
at the circularory pertphery of the apglomerate and along its larger and smaller
afferent pathwavs The coherence of the simple and ¢« mplex acint within such
a parenchymal clump 1s sull mamtamed and chus also the hexagonal pattern
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Freire 16 The p hymal node an acinar_aggl suppl ed
by three large vascular branches (nght side) Note that the penphery all
around the aeglomerate 1s necrotic because of hepatiss The 3 vert r
breaks m the tissue are araface (Fluman lver hematoxylin and
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Fioure 17 Schematic outline of lesions m persistent hepatitis coewisting wich
postnecrotic cirrhosss (See Figure ts) The umity of the parenchymal clump
15 brohen down by fibrous bands which have devcloped a the periphery of
simple and complex acm The acmar agglomerate s subidr 1ded o 1ts
component smaller units In ea h of them the survi ng parenchyma 1s scen
centered around tle supply Ines The efferent hepatic vems he as cver
Between the acimar unics although segregated here n fibrous tssue

three large vascular branches It represents an actnar agglomerate within
which the normal relationstup between portal and hepauc veins 1s man
taned The necrosis surrounding this agplomerate has halted at sts pe
niphery

In the less frequent granular form of posthepatitic cirrhosis which
some authors ascibe to a persistent nonfatal hepatis repeated viral
attacks have mjured the outer zones of both larger and smaller units
severing their coherence (Figure 17) There occurs a breakdown of the
hexagonal pattern mto single and complex acint which when sufficiently
generalized will block the outflow of portal blood to the terminal
hepatic veins and cause clinical festations of portal hy

Discussion
Recent research on the intrahepatic distribution of the hepatic vessels
m the gross has shown the dependence of certamn parts of the lner upon
the supply by certan vascular branches Indeed the same relationship
berween cells and therr nutnient vessels holds for all parts of our body
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and I do not think that its vahidity stops at the mucroscopic threshold of
the Iner It s hard to understand why mn the Iner the orgamszation of
1ts cells mro structural umits should depend on the efferent vasculature
One can find ¢ 7 the argument thar because of the mtensne metabohe
exchange between Inver cells and blood the Iiver 1s rather of endocrine
than of exocrine structure and therefore 1ts units are ortented around a
vein This statement however sounds more like an excuse than a factual
observation It 1s the wish to ching to the tradinonal that makes such
writers muss the point of structural comparson between hver and endo
crine organs The symulanity consists 1n the wide suserdal capillanes
berween cell cords (plates) and not 1n efferent central veins to which
cords radiate Such veins do not exist in the endocrines

The Iner from an embry ological viewpoint should be concened as
developed along the biliarv and vascular tree that has grown into the
septum transversum to increase the metabolic actnity of the gue If we
view 1ts branches spread out as mn a plant we have flattened for drving
a large parenchymal web would result of microscopic thickness equal to
the length of a radial sinusord This web s then scen subdnrded on one
side by a regularly branched pattern of afferent vessels on 1ts other side
there 15 the interdigitating pattern of 1ts efferent hepaue vesns In adds
tion there are on the 2fferent side the efferent channels of the biliary and
Iymphatic sy stems Circulatory acuvity nsuch a web shifts from one large
afferent area to the other and the waves of blood flow caused by heart
beat and respiration finally reach the termmal afferent branches The
latter become active as shown mn a transilluminated edge of a voung rats
Iner made 1 Dr hnusely s Liboratory  From the awnl terminal portal
branches the circulatory actnaty spreads at once meo the bilateral sinus
otdal network which supplies the area of parenchyvma extending on both
sides of the vessel mto two adjacent hexagonal fields marked by these
two cenrral vems This area wrrr ated by 1ts avial vessel represents a
simple acinus the hepatie structural unie m function
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Muluple Parameters Needed to Adequately
Describe the Status of the
Hepatic Crreulation*

RALPH W BRAUER PuD
(San Francisco California)

‘When | was asked to speak to you ongmally 1t was suggesred that T
talk on some aspects of the physiology of the normal Iner that might
have a bearing on this subject As Dr Best pownted out this always m
volves d soul hing because the from normal to
pathological physiology mn the Inver 15 a rather panful subject

However there 15 one region that 1t seems to me offers obvious imph
cations for the sort of thing that you—and that we—nught be con
cerned with namelv the area of the hepane cicculation and therefore
T have chosen to talk about this

There 1s one other reason for piching that topic today It 1s almost 2
decade (minus two months I believe) since Sir Harold Himsworth pre
sented 1 Boston a brilliant series of lectures i which he dramaucally
called attention to what he termed the circulatory factor n hner disease t

On rereading his book 1 find that hus views can be summed up m two
statements as far as this particular topic 15 concerned The first 1s that
there 15 a sequence of events 1n the liver starung 1f you will from some
Iver njury which i turn causes a derangement of the hepauc circula
tion this n turn causes more liver myury and mn thus fashion you ger
the setting up of 2 vicious cirele of hver disease

‘The second statement resulted from a good deal of soul searching rather
obvioushy on Dr Himsworths part and wound up in a brief summary
which s1vs e sentiallv that the status of the blood supply to the hepatic
parenchyma barrmg some very specual devations can be adequately de
scribed by measuring the toral blood flow through the hepauc paren
chy ma

Todas 1 ralung stock of what has happened during the intersening

The opinicns and sserti ns conta ned in this report are those of the writer and
are not (o be con trued as offcial or as reflecring the vie s of the Navy Department
orof d  naval service ot large (Armcle 1352 U S Navy Regulations, 1948)

19
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years T will re exanune statements and see how they would sound 1n 19,6
10 face this reformulation 15 a summary of what I would kike to say to
you

The first statement still holds I think there 15 reason to suspect that a
vicious circle of Iner disease does exst which does encompass a sequence
of mury circulatory impairment more inyury  In contrast to Dr Hims
woith however I fave no ilfusions that any one has actually demonstrated
that such 1 circle evists We tal e 1t a5 an artcle of fath

The rexon this has never been demonstrated 15 encompassed in what
bas happened to alter the sccond statemenr In mv opinton there 15 now
wnple evsdence for sty in that the status ot the hepatic eireulition cannot
possibly be understoed 1f the only measurement we have 15 2 measurement
of total hepatie blood flow it bichooses us to develop metheds that are
fir more sophisticated for desenibing qualtatne aspeets of the hepaue
crculation and the clumwy, and ehborate title I chose for this ralk 1 an
expression of the sore ot thing I think nuht be needed m order to ap
proach the subject

1 would lthe to briefly document my clnum and then point out some hines
of experimentation that T thunk mghe allow 18 in the next decade perhaps
to come up with the measurements thar we need in the normal and pos
sibhy 1n the pithologieal ner

The first 1tem of documentation 1s fanmbiar to most of s namely the
sunple fact chat m a number of conditions the ner finds aself with more
blond than it 1 nows whit to do with and we happibs call this  congestion
of the Iner  bur of we loak at such states from the pomt of view of
arculitory dynauues two things stand out One 15 the gross derangement
of the errcufitory patterns which is expressed for mstance n such things
s the mversion of the lobular putern which you can see n congested
Iners The other mughe be illustrated by Taqure 1 an old shide of rune
shovong the effect of histutune mfusion into the portal vemn of the dog
This procedure will gine mtense concestion and the fivure shows that a
sharp incresse 1w bhmph tlow results when one compares sodunm chlonde
infusion to the hscanune mfuson the mereased by mph flow furthermore
1s reveraible and e be elieited at will by resumption of the histanine
infusion

1 coutd equulls sell have chosen stuserations from Dr W iipple s work
n which the sime tvpe of vascular parrern was produced by merels
plicing 2 vme around the vena cava abaut the fver 1 could also have
shown the same behavior i quite s number of other condwions al) of
winch have m common congestne Alline of the hepatic blood vessels
Severe deransement of the flwd maern of the hner 15 4 common feature
it all of the e expermments,

Thus pattem of mereased ¥ T olome m the liser of hepane con
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Ficure 1 Effect of mtraportal infusion of histam nie or of phys ological saline
at the same volume rate on ner lymph flo  and erythrocyte count m the
dog Alternatng periods of control and of fustammne mfusion

gestion 1s very clearly something that needs to be taken into account the
parameter we need to describe such changes obviously 1s an estimate of
hepatic blood volume As far as 1 know that has never been made m
the hiving animal

The second type of circulatory complication that T would like to call
to your attention actually was first described manv years ago by our
friends at the May o Cinic 2 Dr Bollman Dr Mann and others presented
some excellent expeniments n which they simultancoush measured by
stromuhr methods blood flow through the portal vemn and the hepatic
artery

Regardless of the value attached to numencal results of thermostromuhr
measurements m large vessels the results conclusnely showed that you
could get wide fluctuations i the ratio of hepatic arternal to portal venous
flow 1n the absence of any obvious reasons why such fluctuations should
eust

This recently has come to the fore as a result of 2 cntical evaluation
of the very beaunful method for esumating total hepatic bleod flow
developed by Bradley and his co workers Werner and Horvath4 e
ported with obvious anguish that thev could not get exactly the same
measurement twice 1n fact thes got quite wide fluctuations 1n the con
centrations of bromsulphaleint in the hepatic vems even over short periods
of ume Those who are familiar with the method will immediately recog
mize that 1t will gn e the tndication of rapid and gross changes in estimted
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Ficere 2 Examples of diffuse and of restricted blood flow distnbution in the
Iier of the rat (From Prichard and Dantcl 5)

N EUUERURY U

hepatic blood flow  \Werner and Honvath concluded thar the measure
ment only gaie a mean hepatic blood flow also however and more
important for our purpose they did get indications of rapid fluctuations
of hepanc blood flow

The most dramatsc iHlustration 1s esen mote recent, and comes out of
the work of my friends ar the Nuffield Insutute who by means of cinean
gography tried to study the course of blood through the hver and found
at least two grossh differens distmbution patterns  (Figure 2) Both
pictures 1n this figure were taken m the same animal, at about the same
interial afeer the injection of the matenal In one case vou get a verv
nice umform distnibution of the contrast mass throughout the Iner and
m the other case you get a far more restricted distnbunion

These pictures represent maxtmal distributions of the mjection mass
through the nissue From such obserauons Dr Prichard and Dr Dantel
enunciated the conclusion that there were situattons in which the hepartic
circulation of the rat would switch from a  diffuse circulation  of the
tvpe voun see on the top to a more restrcted state which you see on
the bottom and parentheticalh  they could not quite tell why thus
should happen when it did

Clearly this carculators change would require rather dramatic methods
of measurement W hat would happen to the liver while this measurement
was being attempted I believe I can leave to sour imagination

“The third prece of evidence 1ndicating that blood flow through the
Lser 15 not just 2 mee quet steady affair comes our of observations of
groups like W} akim and Mann at the Mavo Clinic and Rnmisely at South
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Frouzz 3 Relationship between erfu 1on rate (b) and extraction efficiency (cr)
for CrPO, radiocolloid 1n the isolated rat Iner preparanon when whole blood
(h=o4s) or blood plasma (h < o.025) 2t § o 4t 3 atm po 15 employed

Carolina who m transillumsnanon expertments of the lver demonstrated
that the circulation through any gnen microscope ficld 1s not stationary
but that there 15 2 great deal of what they have called vasomotion
pomg on

1f you wish to read that hterature you wall find 1t rather entertaming
because no two authors really agreed on precisely what they san except
that most worl ers saw that things can change rapidly and that the changes
mght be both regionil and microscopic n scale So we do have evidence
then of mcroscopic as well macroscopic changes mn hepatic blood flow
distribution

The nest line of approach comes out of work which we have done
with the wsolted rat Iner A radioactive collaid (chromuc phosphate) was
mjected and the effect of different rates of perfusion on the efficiency
with which this matenal was extracted was measured One can very
easily show that the material behaves rather simply  and follows first order
kinencs ® T Under tho ¢ conditions therc ought to be a simple relation
berween the loganithm of the extraction effictency and what one mught
call the transit ume — the nme that a guen particle of blood stavs
i the nver?

The results of such experments are plotted n Tigure 3 on an odd
svstem of co ordinates 1 which if the vascular svstem of the lner did
not change the values ought to follow straight hines In fact as you see
at high perfusion rates the data do follow the theoretical hines

Unfortunatels as vou come to lower perfusion rates there 1s a sharp
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Frovre 4 Relavionship berween relatne vascular solume from CrPO, measure
ments? @ and smgle passage erythrocyre (e 9) and plasma (1ISA and
Cr31) volumes® in the undisturbed 1solsted rat lner perfused at different

perfusion pressures.
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Figtre § Relavonship between perfu nopre ure (P} ani the prop rmon
of all possible channels of th heparic vas ulature aceually perfused at any
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guen presare = |in the uschicd rat Inor when eher b le blood
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(h=o45) or bloxd plasma (h < aoc ») 15 wed as the perfusare® Also 1n
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deviation between what you would predict and what you find The
deviation 1s 1n such a dirccuion that there 1s less increase mn extraction
efficiency than one would expect and this means that esther the blood
stays less long 1 the liver or that something happened to the hupffer
cells All things considered it seems most Jihely that these deviations
actually reflect a relative decrease m the transit times or in other words
1n the volume of the vascular tree with low perfusion pressures

There are two possibihnes as to how this could happen Either the
vessels could get smaller 1n diamcter so that the total hepatic blood volume
could decrease or else there could be a decrease 1n the number of vessels
actually perfused

There 1s 2 mathematical relation which allows you to separate the two
cases sinee the reaction rate depends on the mean surface to volume ratio
of the vessels f vessel diameters changed — as 10 the first alternative ~—
the reaction should proceed a ittle faster while in the second the surface
to volume ratio remains constant and the reactton rate should too

Swce we have direct mesurements of the blood volume 1 our case®
we can calculate the relatton berween transit time and extraction ef
fictency for these two alternatives (INgure 4) This figure shows straight
lines which represent the assumption that the number of vessels perfused
1s changed whereas the d are not The parabolas on the other
hand are based on the assumption that the diameter of the vessels has
changed while their number has remained constant It 15 obvious 1 thmk
that for both sets of data shown i Igure 4 the one that fits far more
adequately 15 the former assumption that 1t 15 the number of open vessels
which changes

If vou take these results and put them together with other data such
as those from bnle flow or from flow resistance ® studies you can construct
for the isolated rat liser at least a diagram which correlates the perfusion
pressure with the percentage of vessels that are perfused The mam
reson for showmg this otherwise rather elaborate figure (Figure §) 1s
to mdicate that 1f normal bloed with 2 hematocrit of about o 45 15 used
the region 1n which the number of open channcls changes most rapidly
comes very close to the region of normal portal pressures which 15 around
10to 1z em in the rat?

Thus we find i these experiments that we have evidence of a rather
cnnical halance of the hepatic circulation and at the same time 1 think
we have the makings of a useful method for approaching some of the
requisite measurements

In summmg up we see that there are at least three lines of evidence
which independently indicate that the hepatic circulation 1s not a sta
tionary thing 1nd that it ean undergo rather drastic changes n distributton
of bload flow to the parenchyma
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Ficure 4 Relinonship bet veen relatn e vascular volume from CrPO, measure
mentsT ® and single passage erythrocyte (Fe 9) and plasma (IHSA and
Cr™) solumest n the undisturbed isolated rat Iner perfused at different
perfusion pressures
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attained by changes m perfusion pressure W hat you are seeing here 1s 2
drastic decrease in the total number of vessels through which the blood
can flow as well as a decrease i vessel dameter
So here we have three situations each of which at least potenually can
occur mn clinical expenence and 1f you add to this the experience of
those who have been treating hepatitis 1n man — and I take 1t this includes
most of you at one time or another— that allowing a patient to get up
and walk around reasonably earhy dumng the course of his hepatitis 1s
apt to have disastrous consequences for his recovery then you can see
that here may well be a very mmportant tie up between blood flow dis
tabution measurements and chncal reality
1 suppose all this 15 very good theoretically but if we are gomng td tie
1t up with actual developments i the hner and with the course of Iiner
disease or with our understanding of liver physiology we must devise
means of providing climcal measurements and clincal observation n the
reasonably intact patient — not the physwlogusts itect patienr who
has a bile fistula and three catheters m three places but in the unopened
patient who 1s Ll ely to survive
For this I have three suggestions The first T think 1s a rather obvious
one It seems to me that the cineangiographic techniques with the recent
devel n mtrahenal p hy possibly would lend themselves
effectively to getting a piece of the information we need if the procedures
are not too hazardous
For expenimental and practical purposes the techmque that Dr Hoff
baver! and others used of implanting a catheter 1 some tributary of
the portal tree might concervably make the same thing possible with a
hirtle less nsh At any rate such observations coupled with the measure
ment of esimated hepatic blood flow Ithink would considerably amplify
our understanding of circulatory changes However as of now cinean
grography 1s a bit spectalized because 1t wall not show anything but the
gross blood flow distribution changes
As 2 more powerful though more laborious tool I would like to
suggest a second approach and that 15 essentrally an adapration of a type
of apparatus which I have uscd for the 1solated hver It 1s the thing that
gave the utle to this tallk namely that in order to understand what 15
going on with the blood supply to the liver we think we may be quite
well off 1f we can get at amy one ume three parameters If we can get
measurements for mstance of total blood flow through the Iner of
hepatic blood volume and some measurement which 1s sensitive to vessel
diameter changes (and this might be resistance or chromic phosphate
extraction or one of a number of other things) then between these we
c€an construct a set of normal vatues by which I think we can gauge any
changes i blood flow dustriburion through the lier
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alterng  perfusion pressure or by continuous epinephrme hydrochlonide
usion

‘That these phenomena can be of real clinical ymportance can be mdi
cated by justa few observations One 1s the verv mce series of observations
by Dr Olerud at Uppsala ° who has shown that if the sntra abdommal
pressure 15 increased there 1s precsely the same difference between
diffuse and restricted circulation seen i the observations of Prchard
and Damel and a great deal ot mjury 1s also seen under those conditions

Agamn I mighe remind you of Dr Bradlev s observations 1 He showed
a number of vears ago that the change from the reclnmg to the upright
positron 1s accompanted by 2 sharp change 1 portal blood flow and m
splanchnic blood flow but he did not pomt out (although his data
showed 1t) that this chinge also 15 assouated with a sharp decrease m
b Iphalemn extraction effi a decrease that I find 1t very difficule
to account for other than to assume some sort of g transition from unre
stricted to restricted flow

Tn the third place I will show one other shde on the effect of epinephrine
on the hiver (Figure 6) If you will recall Figure 3 wineh correlated the
extraction deficiency with the tissue perfusion vou will recognize the
normal Iner relations and the effect of epmephrme If perfusion rate 15
lowered by epmephrme infusion you see that the chromse phosphate
extraction fails to increase as 1t would if the same perfusion rates were
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The techmque for mnstance would be to make simultaneous injections
of radioactive and nonradioactive bromsulphalemn into the portal vein and
1nto the general circulation respectively (if you cannot ger at the hepatic
artery) 2nd then estimate the exCretion rauos to get some estinmate of
the ratio of blood flow 1f you know the excretion ratio directhy from the
surgical preparation Clearly thus 1 not a pracucal method for the clime
at the moment However Ithink all three of myv suggestions are poten
tially practicable methods and all are badly needed if the physiologist
1s ever going to be able to make a useful contribution to a meeting of thus
type m terms of an understanding of the circulatory changes that proceed
and accompany lner injury
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Fmally lest you think T am not aware of this problem may 1 remmd
vou that a third problem we have and that we love to neglect becanse
1t 15 execrably hard to get at 15 the problem of estimating hepatic artenal
blood flow How do we get 1t> I have one suggestion to mal e on that
Figure 7 might illustrate one approach It comes from the fact that about
two years ago Dr Maegraith at Liverpool wrote me a letter and sud

You Inow all this talk jou have been having sbout bromsulphalein

extractions 1s very mce but [ don t think 1t mal es any sense because when
Dr Andrews and I mject this stuff mto the portal vem I ger entirely
different phenomena from what I get when I inject 1t mto the hepatic
artery 3

Ths bothered me because T have been arguing that these extractions
occurred n the smusoidal bed and some have said that they should occur
m the bile duct regions and since at about the same tme the peribihary
arterial plexus had been described these things scemed to tie together
too well to be 1gnored so I did the following expernment

I took some radtoactiie t Iphalein and some d e brom
sulphalemn I injected the first into the hepatic artery of the dog and the
nonradioactine bromsulphalem mto the portal vem simultaneously and
then I collected bile To mv intense comfort I found that under those
condrtions the material that goes into the portal vein 1s excreted far more
rapadly 1nto the bile than the material that goes into the hepatic artery
Reversing the order of mnjection gnes the same results Here then 1s a
first indication that we mayv be able to construe and 1n fact an evper:
mental preparation from which we can construe a method of estimating
hepatic arterial blood flow by lookimng at the handling of a substance Ll e
bromsulphalem
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Pathologic Physiwology of Hepatitis

LEON SCHIFF MD PuD
(Cincinnat1 Ohuo)

The histologic changes of viral hepatts are the result of ripidly m
duced damage and necrosis of hver cells cellular imflammatory reaction
and cell regeneration occurring side by side ! Physiologic changes result
from regurgitation of bile into the blood caused by cholangiolar injury
and intrahepatic obstruction VWith necrosis of Inver cells there results

of holic functions of the hiver and liberation
of cell constituents incfuding 1ron, enzymes and vitamms Since nerther
Lnowledge nor the time allotted permits an adequate discussion of the
pathologic physiology of hepatitis 1 shall limit my remarks to some ob
servations dealing with serum bihirubim serum bile acids serum alkaline
phosphatase plasma ammoma serum jron and plasma prothrombin

Srrun BILIRUBIY

In the past 1t was often stated that the renal threshold for direct bilirubin
was 2 mg per cent The threshold has been found to be quite vanable
i hepatis ot only n different individunls but at different stages of the
dnsease ¢ 3 In the preicteric phase of hepatits or 1n ametenic hepatus the
one nunute bilirubin 1s significanthy elevated when the total bilirubin 1s
within normat Inmts and this elevation 15 usually accompanied by bihiru
binuma* ® During the ictenic phase of hepatiis the bilirubin ratio

1
(T X IOO) 1s greater than so per cent in about three fourths of the cases

(in contrast with more than four fifths of the cases of bibary obstruction
due to tumor) * In the subsiding stages of hepatias bilirubin dappears
from the unnc at a consderably higher level (08 to 12} than thar at
which 1t appears in the unne 1n the presceenic stace It 1s possibile that an
mereased bile salt concentratton 1n the urme duning the earh phases of
viral hepanitis and a diminished content duning the later ones may account
for these varations in the renal threshold but this s not known,

At umes retention jrundice may be obwerved in the subsiding or con
aalescent phases of mfectious hepatits and mav persist for months or
longer \\ hcx\ it persnsts mdefimtely the possbility of antecedent con

must be dered ® ® Tt has been suggested that
3
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conjugated bilirubin 13 Schmid cites a case reported by Rosenthal et af 18
m which 2 child with congenital nonhemoh tic jaundice with 30 mg
per cent of free bilirubin 1n the serum had no bilirubin 1n the unne  ~

Just what happens to the conjugating mechanism of bilirubin m hepa
tiis remamns to be determined 1n the hght of these newer devclopments
and those to follow The lesser maidence of biirubin ratios of over 5o
per cent i cases of hepatius as compared with bihary obstruction due
to tumor (as pointed out by Watsan) suggests impairment of this mech
amism tn some cases of hepatits It seems reasonable to assume 1mpairment
of this mech m posthep hy perbilirut and 1
hepantic dysfunction

Hemoly uic ancmia may rarely be associated wath viral hepattis 1 have
seen such an association but three times In two of these cases otherwise
uncomphicated the anemi1 and hepatitss disappeared ssmultaneously Figure
2 depicts some data obtaned from the thurd pantent (M LK JH #48318)
with homologous serum hepatitis and acute hemols tic anemua The patient
a white female of 563 ears had undergone subtotal gastrectomy for Hodg
Lin s disease of the stomach eight 3 ears before without subsequent evidence
of recurrence Between February 2gth and March 1ith she was gnen 3
units of pached cells prior to rescction of a carcinoma of the splemic
flexure on March 13 1956 Because of adherence of the tumor to the
spleen splenectomy was also performed Jaund:ce appeared on Apnil 27th
The prompt (one minute) serum bilirubin concentration on May 3 19,6
was 18 mg per cent and the total belicubun 30 mg per cent The Aaccula
ton tests were positne and bilirubinura was present The Coomb s test
was negatne She was pliced on sterod therapy and given three more
units of packed red cells as indicated w Figure 2 which also depicts the
decrease i reticulocy tes and serum bilirubin with concomitant rise 1n the
ted bload cell count The occurrence of hemoly tic anenua tn spie of
splenectomy 1s notew orthy

A panent with viral hepauns and jaundice treated with hy drocortisone
(RR CGH #336753) has just been studied with Dr Yoicht Oikawa
at the Cincinmts Ceneral Hospual Much to our surpnse the stools re
mained achohe duning the sharp drop in serum bilirubin and the quantity
of bilirubin 1n the unine decreased This 1s i Leeping With an obsersation
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constitutional hepatic dysfunction mas be a sequela of an amictenic form
of infectious hepatitis 7 & and not a disease sus generss The familial mar
dence of this disorder mav be explaned by several members of a family
having been strichen with hepantss at about the same time (or during the
same epidemic ) halk?® has reported 1 cases of posthepatic hvper
bilirubinemia the occurrence of brown pigment n Inver cells similar to
that observed in the Dubin-Johnson syndrome bur this awaits confirma
ton He believes the pigment to be a particular form of mashed 1ron
bound to protemn or lipoid bodies 1 such a way as not to give & typical
1ron reaction

The hy perbilirubinenua of mfecnous hepatas 1s predominantly of the
prompt reacting ts pe and may be explamed by a combmanon of factors
operaurig in vary ing degrees These include cholangiolar mnjury producing
mncreased permeability and leakage of bile mnto adjacent hmph spaces
and blood,  and intrahepatic obstruction due to edema swelling of bver
cells disruption of the Iiver cell columns with their assocrated intercellular
bile canalicul and bile thrombi Watson has postulated cholangiolar
jury as the physiologic basis of long standing hepatitis with remarhably
good liver cell function —so called cholangiohitic hepatitis

In the past three vears 1 11 but more particularly 1n the past year? *
notable advances have been made 1 the elucidation of the change which
bilirubin undergoes 1n 1ts passage through the hver cells smce attention
was first directed to this phenomenon by van den Bergh and Muller forty
years ago ** The difference between the 1ndirect and direct reactng
bilirubin seems at Jast to have been clanfied It has been shown inde
pendently by Billing and Lathe ' 1n England and by Rudi Schrud ¥ in
this country that bilirubin 15 conjugated n the hiver with glucuronc 2ad *
Schmid believes that the gl cosidic linkage probablhy accurs at the hy
droyvl groups on the two outside pirrol rings of the bilirubin molecule
and s an ether ** (sce Figure 1) while Billing and Lathe feel that the
Iinkage oceurs through the proprionic actd groups and represents an ester
As 15 true of other substances that are conjugated 1n the liver with glu-
curomc acid the glucerontde 15 far more soluble 1 water than the parent
substance and 1s consequentls more readils excreted 1o the urine 1®

Most of the direct reactn, biirubm appears to be present as a dt
glucuromde and smaller amounts as 2 monoglucurontde 13 In nle most or
all of the bilirubmn 1s excreted 1 2 water soluble glucuromde [ regurgita
uon jaundice conjugated bilirubm gans access to the blood and thence
to the unne resulung in biirubmora The kidneys can excrete only

Since presenting this paper my attention has been called by Barf ara Bill ng to
the communicauon of E. Talofont of Czechoslorahia (Narure 178 313 1956) con
finming the diglucuromde composiion of the directly r acung pigment obrained
{rom bile
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crease 15 delaved 20 It 15 not delay ed 1n jaundice due to obstruction of the
bile ducts ¢

Using 1 modificauion of Josephson s method * Sherlock and Walshe 2
reported an mcrease 1n the mean of blood cholates in acute hepatins over
the notmal of 0 to 30 mg per cent obtamed by ther method but results
were vamable The values obtamed did no sigmficanthy dimunish 1n the
patients showing the more severe degrees of hepatic damage The level
was found to be lighest earls n the discase falling with recovery A
positive correlation existed betw een the serum bilirubin and blood cholate
determinations but there was no correlation with serum alkaline phos
phatase total cholesterol or the serum proteins The theoreticallv ex
pected dimmshed bile salt production could not be proved The increased
concentration Wwas ascribed to mterference with bile salt excrevon as a
result of the mtrahepatic changes which characterize hepatitis

Carey 28 ¢ has determined the Inle acid concentration 11t human serum
from the approprate ultraviolet absorpnion mavuima after extraction by
Jusephsons method and hydrolysis He found the mean trihy droxy bile
acrd (cholic acid) value for 35 healthy subjects to be 1 1 plus or mmnus o 4
mg per cent and the dihy droxy bile acsds (deoxy cholic and chenodeoxy
cholic acid) to be o4 plus or minus 0 mg per cent gning 2 ratio of
23 In jaundiced patients with severe liver damage as i hepatits the
trihy droxy dilvdroxy bile acid rato was completels reversed to less
than 1 with an average of 071 This reversal was accounted for by the
greater than fivefold increase m the dihydroxy acid values the group
average being 2 7 mg per cent The average thyvdroxy value was how
ever only shghthy mcreased Awong 15 patents hasing extrahepatic
bilary obstruction without appreciable hepatocellular damage the con
centrations of tnhy droxy and dihy droxy bile acids were greatly mcreased
as much as tenfold 10 some cases while the ratto betw een the tw o remaned
normal

We have used Carey s miethod for the past six months and have been
able to confirm his obsers 1mons in general Dr Cares pomts out that the
method ha seermngly proved u eful n the differentnl anahvsis of the
serum bile acads esp Iy when the are shghtly elesared
although 1t 15 sull in a developmental stage The following curves have
Lieen obtmned 1n vur hborstory with the assistance of Dr 1Ma Stern and
Tugene R Schuff

Figure 3 shows the curve obtamed from a normal subject The ratio
of the mhyvdrovs to the dihvdroxy acads 1s somew hat less than averaze
In Figure ¢ 15 depicted 2 cunve obtaned from a patent (CRHH
#551138) with a stncture of the common bile duct with very marked
pruritus nd 15 10 keeping with the rvpe of curve which Carev has
wuzlhy found in cases of extrahepatc bihary obstruction Figures sand 6
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reported by Chalmers ¢2 4I* m a case of cholangiohitic cirrhosts and ratses
the question s to the mechanism of the decrease in serum bilirubm follow

mg steroid therapy ' Certamly nether an anet inflammatory  effect wach
resorption of periportal exudate nor a cholereuc effect prosides an ade

quate explanation

SFrUSM Bire Acws

‘The conjugation of bite acids 1 relted to detoxification 1n general and
15 accomplished by peptrde Iind age with wither ¢hv cine or taurine In pa
renchymal lner damage the supply of ghvcine or taurine 15 well as the
enzvme 15 reduced and 1s it for the gatton of
s well as exogenous bile acids ** In normal persons and i patients with
bihary obstruction after meratenous mjection of cholate the blood level
raprdly returns to noemal w hile m parenchy matous Iner disease the de
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INFECTIOUS HEPATITIS (C.P,9845}
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show cunes obtamed from paticnts with infectious hepwitt and are 1n
keeping with those described by Carey 1n cases of liver daniage Figure 6
represents the values obtamed on the second dav of jaundice (and illness
— there was no recognized preictenic phase) in a former laboratory tech
mician of ours Figure 7 15 particularhy terestng m that it shows an
obstructine type cunie in a2 calored male aged ¢ vears on the fourth
day of jaundice The chnical and laborators findings m this case were
vy prcal of mfectious hepatitis except that prurtus was so promunent as to
chimeally suggest obstructnv e jaundice Needle biopsy of the liver revealed
the chissical changes of viral hepatiis with a rmimum of bile stasis This
case expenience suggests that estimation of serum bile acds will prove
more of a physiologic than a diignostic tool
Figure 8 (taken from Siperstein and Chaihoff 3) shows the probable

pathways of the formation of ile acids from cholesterol under normat
conditions From the results obtained by Carev and in few er cases studied
i the Gastric Laboratory 1t appears that in hepatitis a block occurs in
the hydroxs lating enzymes thus interfering with the formanon of tn

hvdroxs from dihy droxs bile acids

SFRUNT ALRALINF PiospHaTase

The mechamsm underlying the changes 10 the serum alkaline phos
phatase activits 1 hepatic and bitars tract disease has vet to be clanfied ¢
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blood stream The absence of 2 significant increase 1 extensive hepato
cellular damage would be explamed by faslure of pr

Figure 91s based on data previously published 27 and represents evidence
of dimumished production of the enzyme when the liver 15 severely dam
aged by cholangitis sccondary to biliary obstruction due to common duct
stone 1V hen the serum bilirubin was at its hughest level (36 mg per cent)
—and extensive damage to the Jner was venified by a needle specimen
of the lner — the serum alkaline phosphatase was only 8 Bodansky units
As the cholangins lessened (as revealed 1 a second biopsy spectmen) and
as ver damage and biliary obstruction decreased the alkaline phospha
fase rose to @ maximum of 56 Bodansky units

Prasvta Anivionia

Ziromerman et al ® have recently reported frequent increase of the
plasma ammonia concentration m cases of vtral hepatts The elevations
were noted during the period of greatest mtensity of the disease but not
dunng comvalescence (Figure 10) The increase appears to be due to 1m
pairment of the lners ability to metsbolize ammonia since the factor of
bypassing of the liver should play little if anv role This 1s also borne out
by the data shown i Figure 1110 which elevanon of the blood ammoniz
concentration follow ed the intragastric administration of 500 cc of citrated
blood to a patient with infectious hepatitis 1 contrast with the results
obtained 1n 2 group of eight normal control °

A lugh protem dict acung as an increased source of ammonin might
therefore be theoretcally harmful in hepatitss Chinical obsersations have
been somewhat contradictory 1n this regard Chalmers ef a7% reported
shortened duration of jaundice 1n patients on a high protein diet while
Leone and associates 3t reported a longer duration of illness and more
frequent complications 10 pauents recaving high proten high carbo
hydrate and restncted fat dicts

Scruat Trov

Since Warburg and Krebss ongmal report¥ of an ncrease in the
blood tron 1n a diced patient, studies have app d on the
serum 1ron 1 hepatobihary disease 334 The serum 1ron 15 parucularh
increased in hepautis (Digure 12) and reaches its hughest salue in the second
and third weeks of the disease 3* attaming a mean value of 240 to 300
gamma per cent as compared with a mean value of 100 to 143 gamma
per cent in normals #* The mavmal serum 1ron level follows the maaumal
merease 1 serum blirubin 3 37 41 with the values returning to normal
after the eighth weck * Hemmeler 32 3¢ has srated that the serum 1ron may
be low ot normal when jaundice appears but it soon ncreases The 1
crease i serum wron s thought to be due to the Iiberation of iron from
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It has been suggested that the increase 1n serum phosphatase activity which
has been obsenied in jaundice of obstructive or hepatocellular origin may

p a retention ph dependent upon exrrahepatic or nera
hepatic obstruction to the flow of bile On the other hand Cantarow and
Trumper point out that some observess believe the alkaline phosphatase
which accumulates i the blood i nhiary obstruetion or hepatacellular
disease oniginates in the liver cells or tile duct epithelium and mstead of
bemng excreted in the bile enters the blood stream via lymphancs or
portal smusouds According to this view the phosphatase occurning
normally m bile 1s not that onigimating 1n the sheleton and present in the
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Ficone 13 The one stage 8 sy ntheric substrate avsays (TAke) of plasma pro
thrombin 1n a patient with mfectious hepatitis

disintegeated lner cells plus 2 falure of the liver to absorb the won de
rived from hemoglobin destruction as suggested by Brochner Mortensen
Increased hemols sis may play an additional role Reissmann and Dietnich 4
have reported the appearance of ferntin in the peripheral blood of some
patients with infectious hepatitis and attribute its appearance to release
from dismtegrating Iner cells Appearance of ferntin did not paratlel
INCrease i Serum (ron

Prasaia P"((Y““(U\“\\‘l

It 15 well known that plasma prothrombin may diminish 1n the presence
ot Iner damage and when the damage 1s severe the decrease may persnt
m spite of viearmn K therapy Figure 13 hindly given me by Dr Helen
Glueck shows a marked decrease in plasma prothrombin as derermined
by the synthenie substrate (TA Ve Ass1y ) # 1n contrast with a shght de
crease as measured with the comventional one stage method of Quick
This assav 10 contrast with clotsing methods, s relamelt unaffected by
a deticiency of Tactor VA1 {stable factar) and therefore measures onh
alterations in prothrombin ielf #* It 1s seen that che plasma prothrombin
rose as the scrum bilirubin dropped The panient was a white male of 3+

vews (BUM ¢ RHH #¢60343) with a rather severe hepatis Trear
ment included seerond therps
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DESIGNATED DISCUSSION

Jesse L Boreatan M D (Rochester \lnnesota) It s extremely
difficult to discuss such papers as we have heard 1n a few moments As
you notice they are quite diffuse and still fal to cover the entire field
That 1s not surprising  because we are here for only three days to cover
the field of hepatitis and I am reasonably certamn we will not get the field
of hepatitis completely covered n three days

1 would like to call attention to the fact that both Dr Rappaport and
Dr Brauer emphasized the circulatory aspects of the Iner Anyone who
tas mjected 3 mass mto the blood vessels of the lner and then corraded
the ner cells away 15 immediately struch with the fact that one hasnt
really corroded very much away — that the Jiver consuts of the mjection
mass and only 2 relatvely small amount of hepatic cells quite different
from the impresston one gets from histologic section of the liver

In toral consideration 1f we think of the liver as a blood regulating
organ we will see that 1t 1s functionmg to mantam homeostasis in the
blood It 1s not surprising then that the blood reaches each part of the
Iiver and that the hver cells are suspended mn extracellular fiud

The plasma filtrate diffuses inco this extracellular flud the hepatic cells
then modify the materal n the extracellular flud and can only do one
thing that 1s put it back 1n changed form or 1n the form that 1t 15 in the
evtracellular flud which agam 15 reabsorbed by the blood so that every
thing goes along fine unless the blood suppls 1 mterfered with the
hepanc cell ijured or the biliary excretory mechanmsm damaged

Unfortunatels 1n hepatinis all of these things occur so we are gomng
to have to consider hepatiss from three angles — blood bile and hepauc
functiomng cells

Dr Schiff i the carly part of hus talh mentioned the fact that bilirubin
excreted n the bile 1 a gl curonate and 1s water soluble An interesting
corollars to that noticed in studies 1n which we injected radioactine
thy rovine or tr1 10dothy ronine mto an ammal 1s that fully one third of
the thy roxine or tri 1odothy ronme 15 excreted m the bile It 1s concen
trated 1n the bile much more than 1n the blood and 1s also exereted 1n
the bile as 2 glucuronate So we have a suggestion now for another bver
function test namely the possible use of some other glrcuronate for a
Iver function test

GINTLRAL DISCUSSION
Crere Watson MD (\inneapobs Vinnesora) Dr Schuff referred to
the question of the difficuln of conjugation of the free bilirubin with
tlucuronic acid m hepatitrs as compared with neoplastic bilury obstruc
ton 1 think this difference 1 remarhably shght As he pomnted out, our
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own figures show that in some cases of hepants there 1s a relatively low
ratio lower thin in neoplastic obstruction

It has been ntniguing to me that in very severe liver damage even
within a few hours of death from hepatic insufficiency the prompt direct
reacting bilirubin may comprise a surprisingly high percentage of the
total We have seen 1t in patients with acute diffused necrosis of the hver
24 hours before death the direct reactng bilirubin comprising as hugh
as 70 per cene of the total bilirubin mn exactly the same range as in cases
of neoplastic obstruction

We can only assume that the conjugating enzyme in the Inver must solt
be active Perhaps 1t 15 held there as if n a sponge of necronc materal
Thus 1s 2 little hard to beheve but we certanly have evidence bearing on
that pont from other aspects in the same patient We may sec the blood
urea nitrogen go to levels of over 100 VWe have observed this on mamy
occasions as hive others

Then the matter of the bile acids which Dr Schiff also alluded t0
I think bears on this pomne It has been of great nterest to me that with
Dr Carey s method 1n patients with severe Iner damege again even
shortly before death from hepatic insufficiency there may be 2 consider
able clevation of dihydrowy bile acds It would seem that the difference
1n going from a dihy drovy to a trthy droxy bile 2cid would be a relatively
munor funcrional event yet it seems to measure the difference between
a severehy damaged Jiver and a mildly damaged liver

Trom a practical standpomnt the ratio of the dikvdrexy to trihy droxy
acids 15 of some help m diagnosts but I do not think 1t 15 of decisive value
T would emphisize thit there are many cases of rehwnely mild diffused
parenchy mal disease of the lver in which there 1s a perfectly normal ratio
—m other words a greater amount of triby droxy acsd So we cannot
use this 1n any decnive separanion of shall we s2y medical and surgical
jaundice or parenchymal sersus stmple mechanical obstructine jaundice

When Dr Carev finds n hus now farh large series that with a marked
wcrease 1n the dibn droxy acids there 15 a very much greater hihelihood of
diffuse lner disease and even more important when ths 1s followed and
1t 15 seen that che dihyvdrovy acids are increasing and the trihy droxy acids
going down then this 15 2 matter of real prognostic import

1 have been surprised at how sharp he has been on this point In cases
where he noted thir che dihvdrox acids were steadily rising he sad the
prognosis would be very poor These proved to be remarhable predic
tions 11 relation to some of our panents on the wards as we really didat
evpect the outcome to be quite as unfortunate as 1t w1s

Cnarces S Davioson M D (Boston \assachusetts) 1 would hike to add
to the mnteresung comments by Dr Braver which ccrtamly should be
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followed up by extensive clinical imvestigation 1 should hike to pomnt out
however that apphimy the cxperiments and studies which he reported
directly to the cltnic may not always be appheable nor esplamable on
phisiologmcal grounds

A careful climcally controlled study several vears ago n Japan pomnted
out quite clearls I think that exercise duning the actne phase of hepanios
did not produce a prolonged convalescence nor upsce the applecart m
other wavs

So as ver this correlaon 1s not as good »s we would like 1t to be 1
am sure he realizes that as well as do the rest of us
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own figures show that 1n some cases of hepatitis there 15 2 relatively Jow
ratio lower than in neoplastic obstruction

It has been intriguing to me that n very severe liver damage even
within a few hours of death from hepatic insufficiency the prompt direct
reacung bilirubin my comprise a surprisingly high percentage of the
total We have seen 1t m patients with acute diffused necrosis of the Iner
24 hours before death the direct reacting biltrubin comprsing as high
as 70 per cent of the total bilirubin 1n exacthy the same range as in cases
of neoplastic obstruction

We can onlv assume that the conjugating enzyme mn the Iver must sull
be active Perhaps 1t 15 held there as if i a sponge of necrotic material
This 15 a little hard to beliese but we certainly have evidence bearing on
that point from other aspects in the same patient We mav see the blood
urea nitrogen go to levels of over 100 We have observed this on many
occasions as have others

Then the matter of the bile acids which Dr Schiff also aliuded to
1 think bears on this pomnt It has been of great mterest to me that with
Dr Carey s method 1n patients with severe Inver damage agan even
shortly before death from hepauc insufficiency there may be a consider
able elevation of dihydrovy bile acids It would seem that the difference
1n gong from a dihydroyy to a trihy droxy bile acid would be a relatrvely
munor functional event vet it seems to measure the difference between
a severely damaged Inver and a mildlv damaged Iner

From a practical standpomt the ratio of the dihydrexy to trihydrox
acids 15 of some help 1n diagnesis but I do not think 1r 15 of deciuve value
I would emphasize that there are mamy cases of relativels muld diffused
parenchy mal disease of the liver in which there 15 a perfectly normal ratio
—1n other words a greater amount of tnihvdroxy acid So we cannot
use this n any decwsive separation of shall we sav medical and surgical
jaundice or parenchymal versus simple mechamcal obstructne jaundice

When Dr Carer finds in his now farly large sertes that with a marked
increase n the dihydrons acids there ss a very much greater Ithelihood of
diffuse Inver disease and even more smportant when this 1s followed and
1t 15 seen that the dihvdroxy acids are mereasing and the trihy droyy acids
going down then this 1s a matter of real prognostic tmpore

I have been surprised at how sharp he has buen on this pomt In cases
where he noted that the dihy droxy acids were steadily rising he said the
prognosis would be very poor These proved to be remarkable predic
tions n relanon to some of our patients on the wards as we really didnt
expect the outcome to be quite as unfortunate as 1t was

Cuarees S Davioson M D (Boston Massachusetts) I would like to add
to the nteresting comments by Dr Brater which certainly should be
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Geographic pathology 1s the parncular study of disease which takes
1nto account the relationship berw cen pathologrcal factors and those of
geography W e recognuze that disease 1n man 15 a phenomenon which oc
curs only 1f vanous factors comaide 1n ime and space

According to May 4 these factors may be designated as follows

Patnorocicar Facrors
1 Causauve agent

2 Vectors

3 Intermediate hosts
4 Reservoirs

5 Man

Grocrarsitcar. Facrors
1 Physical —Chmate lantude hunudity temperature
Rebef

Soils
Hydrography etc
2 Human or social — Population density
Standards of lving
Religious customs
et
Sanitauon etc
3 Biological — Vegetable life
Amnmal bfe
Parasiusm
Prevalent diseases
Domnant blood groups

Hepatius etvmol 1y means an nfl of the hiver this has
many wide interpretations YWe prefer 1 general that of Pay ling VWright 3
who defines mflammanon as the process by means of w hich cells and exu
date accumulate 1n the tissues and tend to protect them from further
mjury However stret conformuty to this defimtion 15 not slways pos
sible parucularly when considenng the parenchy matous mflammation of
say viral diseases here usage 15 more important than ety mology

Present address Deparement of Pathology The Royal Free Haspiral School of
Medicine Gray's Inn Road London W C : Lngland
51
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to culture the virus of infectious hepatits on Detroit~6 strain of epithelial
celh.

Virus A can be passaged 1 the feces or unne and s probably water
borne it can wathstand heating for 56 C. for 3o munutes or freczing
—10 to—z0 C. from 1 to 1’ vears Virus B s found m blood plisma
or serum erther hqmd or desiccated 1t sursnes heating to 6o C for
t hour and remarns active at 2 temperature of ~10° to ~ 0° C. for 4%
years and 1n a desiceated state at room temperature for one year ™

Mindlay ¢ 10 2 study of morbidiey rates m West Afnca found the n
cidence of infectious hepatiuis lagher mn visinag troops than in local ones
he suggested that this was due to different strams of the virus Although
this 15 theoretseally possible 1t has not yet been venfied or disproved

} ectors and Intermeduate hosts None are known

Reservoms \wrus A 1s found 1n the blood and almentary tract of adule
humans only for a short time but it has been found 1n the feces of two
children for periods of 5 and 16 months respectively @ Virus B has been
found in the blood of an adult after 5 years but has never been shown to
be mfectious by the intestmal oral route

Much evidence suggests that virus A 15 propagated by personal contact
through the mrestinal oral route and that sosls water and milk can be
contaminared 3 2 irus Boss ot d by bloed f and
parenteral injections or moculations which incorporate the use of infected
bload constiruents

Man Both viruses produce similar ner lestons n man and the hver cells
are attached to 2 varving degree The resule of this damage and the sub
sequent nflammatary reaction controls the morbidity or mortahty of the
condinon Man appears to be the only animal susceptible to these viruses
although the virus has been propagated on embryonated eggs 3%

The hepatitides of the ammal hingdom such as avian infectious hepa
1t1s 40 varal hepatiis in duchlings* 2¢ camine hepatinis 2 the hepantis of
mice * viral hepatius m horses and Ruft Valley fever virus ™ appear not
to be related to the viral hepatindes of man

Geographical Factors
Infectious hepatitis appears to be world wide and the incidence ap
pears to mse and fall regardless of terrain or climate However there
seems to be a higher ncidence n certam areas such as the \editerranean
bittoral and Germany where the histors of hepatitis epidemics goes back
200 years 2! So much so does this appear to be the case — as if these areas
had been sceded by the virus— that 1n both World Wars the
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It would be impossible m the shorr tme ar our disposa! ro deal with 41f
the hepattudes m relation to geoeraphical facrors. However we have been
helped by a perusal of the program of this mternanomal svmposium,
Hepriuns Frortiers we find that hepanos” by nference 1s that caused
b viral agents, and thus we propose to concentrate on thus aspect of the
disease and add one other which mav be of mrterest.

Heranms Enoroey
¥sral Feual ( )
Irfectious
Serum

Yellowr Feer
Infecnons mononucleosts, etc.
Bacterial Tuberculosss  Ieprosy
Salmonellogs  entenc
Brucelloss
Sprrockrtal  Leprospiross
Srphibis
Parasstes \alaral
Schustosormass
Amebass
Flakes, erc.
Toxic Hepatotoxie powsons, e.c., arsemc, phosphorus, chloro-
form, et
Septicenna, etc.
¥ enous occlusr e disease

IxrecTiots Heparmiis axp Seront Heparmons
Prrrological Factors

Causste—e Agent. It s now generally recognzed that infecuous hepatits™
differs from “serum hepatins,” 1n that 1t 15 caused by a different viros.

It mav be profitable at ths stage to discuss the differences berween the
two viruses, although no doubr other speakers m ths svmposram wall
dwell on them s derail.

Briefiv from observanons m naturalh occurnng and expennmental in-
fecton 1n man (for no sausfactory expenmental ammal has ver been
found) the mcubztion pentod of mfectious hepatins 1s 1y to o davs and of
serum hepatms, 60 to 160 davs.® Recent reports by Pollard and
Diserens ** have shown that the niruses of both fecnous hepanus (virns
A or IH) and serum hepauns (sarus B or SH) have been propagated on
s onated ecgs, and they have shown that the two viruses are ann

b
ga:mz:nl.l\ disanct. that virus A s homotvpic and that gamma-globuln can

peutralze virus A but not virus B Righrsel ¢z 2133 have recenth clamed
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adence of infectious hepatitis 1n mvading troops was much higher in
these areas than elsew here 18

Serum hepatitss 15 also world wide although to some extent 1t 15 found
onh where modern medical techmiques such as blood transfusion sersices
are established It must not be forgotten however that during World
War I many thousands of Briish and American troops noculated with
yellow fever vaccme made from scterogentc human serum contracted chis
discase (approximately zo per cent of the American troops so ioculated
m 1g42) 47

In general the distribution and spread of the disease are at present mex
plicable but it 1s of mterest to note that in the United States states in the
southeast which experienced a igh prevalence n 195. (Figure 1) saw
a dechine m the ncidence in the followng vear bur a spread to the
periphers By 1954 this was further accentuated 37 The explanation may
be 1n the development of immunity withm the different populaces but
this cannot be the whole answer

Physical Factors In temperate zones infectious hepatitis appears more prev-
alent 1n the gutumn and winter but summer epidemics also occur In
tropical zones the disease mav occur at amy time of the vear

In the United States the seasonal distribution ss indicated 1n Figure 2 57
Havens ¢ pomted out as long ago as 1946 that the prevalence was in the
late fall and earh winter There hate been sinular findings m other parts
of the world and Figure 3 57 compares the madence 1n Scandinavia with
that in the United States

It has been noriced that although the mortndity fluctuation of what 15
termed viral hepatitis rises and falls with the season the mortality rate re
mains constant This suggests possbly  that the reported cases are in the
matn mfectious hepatiis w hereas the recorded deaths are principally due
to serum hepatiis which 1s well known to be a more setere disease

Humtan and Socal Factors There appears to be Iittle difference by sex or
race 1n the madence of mfectious hepattis 1n any age group though it
ma be mentioned that wherever the German Armyv went in World
War II there the madence of mfectious hepatitss increased considerably
1¢ Norway Russia the Balkans North Africa Italy and of course m
Germany seself 1

With regard to age 1t would appear that the highest rates for morbrdits
are 1n the age groups from 5 to 9 and 1o to 13 regardless of geographical
location (Figure 4) *7 but the mortality tends to nise with increising age
(Fieure ) Ths s line with the effect of other virus infections such
as mumps measles and polionn ebns 4

There are several mevplicable shight statstical sariations n sex dif
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REPORTED MONTHLY INCIDENGE OF VIRAL HEPATITIS
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use of single personally cleined mess hats by ordinary troops 1s much
more samitary than the comnunal mess arrangements of HQ and officers!

Biological Factors None are hnown

Yrrow Frver
Pathologtcal Factors

Causatne Agent As far back as 1902 Reed and Carroll 5 had suggested
that yellow fever may be caused by an ultramicroscopic orgamsm but un
fortunately Noguchi m 1919 clumed that the causauve agent was a
Leptaspira It was not until 1927 that Stokes et al% ¢ demonstrated con
clusiely the viral nature of the disease when they 1solated the now famous
Asibt stramn

Stokes and s co workers® found that the rhesus monkey was sus
ceptible to the virus and later work confirmed 1ts fileeabihity 5 the demon
stration of antibodies 1n man and monkey and proof that the virus m
Africa was the same jmmunologically as that found i South Amenca ™ »
In 1930 Theiler % found thnr the white mouse was 2 susceptible ammal
and on an hal ehts was produced
which was transmussible to other mice but which became attenuated to
lose 1ts pathogenicity to rhesus monkeys These findings lad the founda
tion for a diagnostic test and the production of a vaccine

The virus 1n 1ts patural state has an affiniey for all three embry onal
layers that 1s it 1s pantropic However modified strans have been found
to have selectnn e affiities for vanous specific embry onal layers and these
can be increased by ammal passage Thus some strams are viscerotropic
{or hepatatroprc) in the rhesus monhey whereas others are neurotropic
m the mouse

Vectors Intermediate Hosts and Reservomrs It was believed that the
epidemiology of vellow fever was simple and consisted of transmission of
the virus from man to man bv the house mosquito Aedes aegypt: This
was the form of yellow fever now knownas eprdermc or  urban yellow
fever affecung towns The host was man and the vector the mosquito
and the disease was kept active by the influx of a nonimmune populace and
a high population density of vector

However 1n 193 Soper et al® found vellow fever mn a rural ares in
Brazil in the absence of 4 aegypt and 1t was soon realized thar an
other epideniological tvpe of vellow fever evisted in the tropical ram
forest of the Amazon basin becausc of this feature Soper ° named 1t

jungle vellow fever It is also called sylvan or rural yellow feser
Thus eprdeniological ty pe of vellow fever 1s a disease of the forest The
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ferences 1n mortality The female duning the reproductne period and
parncularh during the third trimester of pregnancy appears to be the
more susceptible and the mortality rates of males over 5o years of age
are 1 excess of those of females

The mortality from infectious hepanns appears to be mfluenced
by the state of nutntion This of course allows for a study of the
geographic distribution of the disease generalls spealng the areas of
malautrition tend to be the tropical underdeveloped countnes of poor
econonn

Thus FindIay ° found 1n West Afnca that the mortalin rate m Vest
African troops was from ¢ to 3 tumes that in Umited hingdom troops
despite the greater incidence of disease in the Jatrer Further he found by
comparmg the mortality rates of the disease on two sides of a rier m
Nigeria that the higher rates were found m the communits showing
cvidence of greater malnutnition

Fernando et al'® and Fernando and Thanabalasunderam 17 in Ceylon
from 1945 1o 1950 studied 135 cases of hepatius and 7 of arrhosts (5 with
a clear hustory of hepatitts) The mortality among the hepatitts cases was
18 5 per cent—i1e almost 100 times that m crvihan eprdermcs 1n the
United Ringdom and United States

The dietary history was available 1n g7 cases and therr work mdicates
that a poor diet influences the prognosis adiersely 2s well as increasing the
maidence of complications in patents with anemia and hy poprotememia
eptdermic hepatitts had a poor prognosis

Straub and Schaberg ® d ated histological changes ndistmguish
able from 1 trus hepatstis 1n no less than 17 out of 60 lvers obtamed from
Indonesians dving from hunger cachexia

Joe and Tyokronegoro®® accepred viral hepattus supersmposed upon
malnutrition as a cause for trequenth occurring hepatic fibross in chul
dren in Java

One marable feature of epidemics of nfectsous hepatitis 1s that the
disease 1s prevalent m armues durning wartime (hriegsikterus) eg
Germany m World War I * and m W orld War I 1n the AMiddle East @
Italy 4! Germany *® and later horea 7 In general diet was not madequate
and appears to have litrle relation to the muidence of the disease and it has
been postulated that the presalence of the disease 15 due to the herding
together of large bodies of troops m which the infectrve nature (personal
contact) of the disease can become mamfest One interesung feature
among the Bniish was that headquarters troops showed a higher meidence
than troops of the lme and also that officers w ere more often affected than
other ranks 8 4 Although 1t 1s tempting to beheve that the virus of n
fectious hepatiis and genws 1s found more frequentls m officers and
HOQ tcoops for the same reasons the rezl explanasion 1s probab v that the
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use of single personlly cleaned mess hies by ordinary troops is much
more sanitary than the communal mess arrangements of HQ and officerst

Biological Factors None are hnown

YELtow FEVPR
Pathologieal Factors

Causatnie Agent As far back as 190 Reed and Carroll © had suggested
that yellow fever mav be caused by an ultramicroscopic organism but un
fortunately Noguchi? n 1919 clumed that the causative agent was a
Leptospira It was not until 1927 that Stokes et al ¢ ¢ demonstrated con
clusnely the viral nature of the disease when they 1solated the now famous
Astby stram

Stokes and his co workers® found that the rhesus monlev was sus
ceptible to the virus and later work confirmed its filtrabihey 5 the demon
stration of antibodies 1 man and monkey and proof that the virus m
Afnica was the same immunologically as that found in South America 33
In 1930 Theiler ¢ found that the white mouse was a susceptible animal
and on int bral it an halomyvelitis was duced
which was transmussible to other mice but which became attenuated to
lose 1ts pathogenicity to rhesus monheys These findings lud the founda
ton for a diagnostic test and the producton of a vaceine

The t1rus m its natural state has an affimty for all three embryonal
layers that 1s 1t 1s pantropic However modified strams have been found
to have selective affinities for various specific embrvonal hy ers and these
can be mcreased by ammal passage Thus some stramns are viscerotropic

(or hepatotropic) m the rhesus monke) whereas others are neurotropic
m the mouse

Vectars Intermediate Hosts and Resertorrs It was beheved that the
epidermology of yellow fever was simple and consisted of transmission of
the virus from man to man by the house mosquito Aedes aegypti This
was the form of yellow fever now knownas epidemic or urban yellow
feser affecting towns The host was man and the vector the mosquito
and the disease was kept actie by the nflux of a nonimmune populace and
a huph population density of vector
However 1n 1932 Soper e al % found vellow fever 1n a rural atea i
Rraz) m the absence of 4 aegypn and 1t was soon realized that an
other epidemiological type of yellow fever exnted n the tropical ran
foresc of the Amazon basin becausc of this feature Soper®® named 1t
yungle vellow fever Itisalso called sybian or rural yellow fever
This eprdemological €y pe of yellow fever is a disease of the forest The
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vector (and possibly reservorr) 1s the blue mosquito (Haemagogus)
w fuch makes 1ts habitat at treetop level
The reservorr 15 not exactly known but monkevs (eg, howler and
spider monkeys) and possibly other ammals and birds harbor the virus
It 1s hnown that monkeys are fatally affected 1n epizootics of yellow
fever which pass as waves through 2 forest preceding the epidemic form
of the disease in humans From these naturally affected monkey s the virus

can be recovered as was shown in Trimudad recently by Anderson and
Downs

Man The incubation period 1s 3 to 6 davs and a clinical attach of yellow
fever usually falls into three distinct phases  the period of infection lasting
about 2 to 3 davs 1 which the virus 1s found m the blood the period of
remission lasting from a few hours to 2 davs and the period of (a) con
valescence or (b) mmtowication 1 which free virus 1s not found in the
blood but an ncreasing amount of antibody can be demonstrated
In the phase of intovicaion which may list from a few daysto z weel s

the classical symptoms of jellow fever show themselves i jaundice

black vormr  albununuria mdicatin, a profound toxerma Lins ¥ has
apth described this  the mntovication 1s every thing  the infection nothung
or almost nothin,  The morrality 15 5 to 10 per cent of all cases and no
chncal relapse of vellow fever has been described
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The virus i the hiver produces a hepattis myolving 5 to 95 per cent of
the parenchyvmal cells which show changes beginning with cloudy
swelling and progressing to fatty metamorphosis and necrosis This
necross 1s histol Uy an acidophulic ¢y topl \! {Council
man bodies Figure 6) or a simple necrobrosts which classically 1s mud
zonal m situation, often with a centrolobular ning of mtact cells * Incly
sion bodies (Torres bodzes) have been demonstrated in the nuclet of some
human cases and nearly always i expenimental rhesus monkevs infected
1 1eh the disease

In Leeping with the behavior of many other viruses the yellow fever
wirus attachs primanly the parenchymatous cells m which parssitization
and degeneration are the first events 1t would seem that the secondary
cellular mesenchy mal reaction 15 conspicuous by sts mildness 1n contra
distinction to the severe reaction often found 1n infective and serum
hepatitis The hepatitis of vellow feser 1s perhaps an example of a true

parenchy matous nflammavion  described by Virchow ¥ As far as 15
Lnown there is complete regeneration of the liver cell cords on recovery
with no aftermath of fibrosis 37 7

Geograpbical Factors
Figure 7 shows the world distribution of eprdemics of jellow fever
since 1933 and the areas in which the populace have been shown to
contain neutralizing antibodres mn therr blood these latter are presumptive
areas of endemic yellow fever3 & 40
The map also shows the world distribution of possible vectors In these
days of air travel 1t takes bur little imagmation to concenve of the spread

®m A FYF (m-asy Y )
EE # rewc @ A AL Show #y B T Tew O,
Pitve Sene of YF  Tots,

Fiotre 7 World map of sello fe er (Compiled from nformation supphed
by WHO and Pan Am San Bur) ormaion sepple
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of the disease from the resery oir areas to unaffected areas of nommmune
populaces and switable ectors if precaurtons are not taken

Physical Factors Yellow fever m its urban form mvolsing the man mos
quito cycle deperds upon the year round survnal of the aegy pti mos
quitoes Such conditions are found only m the switable chmatic condirions
of tropical and subtroptcal countsies as shown i Figure 7 In Europe and
North Amertca the winter temperatures are too cold for the survival of
the mosqmto and eptdemics have only resulted when the virus has been
mtroduced from a reservorr withm the tropics However 1n the Mediter
ranean area the virus has been transmitted from one summer to the next
as the result of mld wmters %

In sylian yellow fever the climauc factors are more complicated In
general the vector 1s tropteal and also 1s arboreal during the dry seasons
the Haenrgogus may be found only at treetop level descending m the
ramy season for the next breeding It is of signtficance that the humn
cases of jungle tever tend to occur duning the mid portion of the rairy
season

W ith regard to the other part of the sylvan ycllow fever ¢y cle —the
arumal host — chmatic conditons favoring tropical forests are necessary
for the monkey populace Sylvan yellow fever advances eprzootically and
this mav 1n part be explamed by wind dnft of mfected mosquitoes into
areas of nonimmune arboreal ammals ! VWhatever the explanation of the
spread tt 15 probablv a geographical tactor affecting the breeding habits
of both mosquito and monkeyv Thus oceans contmnental divides and de
forested areas act as barriers preventing the spread of the disease unless
they are crossed by human carriers

Hiomn or Soct o Factors The socral or human factors affecting yvellow
feser are well illustrated in the spread of vellow fever from the tropical
areas of South America and Afnica ¢o Europe and North Amertca duning
the last three centuries (Figure 8) U This was the era of urbanzation of
the discase The major sources of infection were the holds of ships
which hordes of mosquitoes were trapped and subsequently bred these
mosquitoes were infected wrth virus at the pomnt of ongin or by the
passengers or crew m transit At arrnal at the pamt of destination the
nfected mosquitoes swarmed out avid for a blood meal and caused not
inconsiderable eprdenmics m Spam 6 ooo deaths m 18oc mn Italv 6,5
deaths 1n 1805 tn the Mississippt Valles (\emphis) sooo deaths mn 1878
Luchily these epdemics were localized to the ports and seaboards and
were generally termmated by the effect of the climate on the vector

In sy lsan yellow fever the human cases are rural dwecllers engaged n
farming at the edge of the forest areas or wichin the forest clearings The
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Haemagogus sceks a blood meal at about midday which 15 the time the
farmer 1s actne 1 the fields or felling trees and this 15 the resting or
napping pertod of the monkey These factors favor the transmmnsion of
the virus

Biologictl Frctors These have been dealt with tn the presious sections on
geographical factors but a further lustranon can be made by a considera
non of the current wave of vellow fever in Central Amernca

In 1948 lke a bolc from the blue there was + sudden outbreak of
sylvan vellow fever on the Pacific side of the Great Dinide This outbreal
subsequently has spread westward to reach its most northern pomt n
Guatemala i 1946 (Tigure 9)

From the omset the wave spread from the Pacific to the Atlantic side of
the Great Divide 112 the Panama Canal gap and has conunued northward
along the Atlanuc ram forests until the present ume with twoe exceprons
The first was tn 195t when the disease unexplicabhy arose on the Pacific
side of the Creat Divide in Costa Rica 1t 1s beleved thar the mountain
barner was crossed by human carriers who had been mfected by the mun
wave n the north The sccond was the passage of the wave through the
natural gap i the Great Diside barnier oceasioned by the Lahe Nicaragua
mn 1952

The wave has passed northward at 2 velocity of about 11 to 13 mules
per month and below the eoo foot contour generally around the 1000~
foot mark The front of the wave appears to be epizootic with the human
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Fistre 9 Current wase of yellow fever i Central Amenica_1948-1956 (Com
piled from informauon supplied by Efton and Pan Am San Bur)

eprdemme phase lagging behind by several months however at tmes these
phases mnv comnaide The epizootic waves have myvohed the arboreal
primates with a high mortality among howler spider and marmoset
monhevs The epidemics m the human population have frequently oc
curred ar the time of the heavy rams appear to be self imiting and rareh
last more than two months This 1s thought to be related to the Iife span
of the sector Hacmagogus spegaszmi, which 1s about 6y davs The wave
propagation appears to be due to wind dnft of the infected mosquitoes
into areas populated by nonimmune monkevs 1 has reached Northern
Honduras (La Cetba) and Guatemala (Lake Izabal} and forecasts have

been made that the wave will evtend further northward mto Mex
col6 1 1 131 <6

Yenous Ocertsny DiseasF oF THE LIVER
Parhological Factors

“This 15 2 disease of the bier in which the pnman lesion appears to be
the occlusion of the snyaller hepatic veins The occluston resembles to
some extent endophlebitts hepatiea obhterans 10 97

Causatt ¢ Agent This 1s not known in the human although there 1s some
suggestive evidence that Seneco posoning n cartle © 43 1s 2 sunelar dis
case It has for a long time been suggested that the dnnhing of bush reas
which are wideh taken 1n Jamaica for their medicinal value mav also plny
.n ymportant role because of their hepatotoxie properties ¢
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‘The disease may also be associated with a low protem diet5 ¥ which
would reduce the reserves of the nr to deal with 2ny hepatotoxic factor
or 1t may be related to an infection which often precedes an acute attacl *
The 1nfe 5g Ny of the resp y tract and often bush teas
are tal en as a remedy for such complaints 97 It 15 thus uncertan what pare
the infection or the bush tea has to play 1n the production of the disease

Although extensive studies have been done on the tovioty of bush
teas by Gyorgy and our group to date the disease has not been re
produced 1n an expenimental ammal The hepatotoxic properties of some

bush teas have howeier been established

Vectors Intermediate Hosts, Reseruoirs ‘There are none

Man The disease 15 predominantly seen m children aged 2 to § years al
though adults are also affected Three clinical stages have been de
fined 3 ° % an acute stage charactenized by acute ascites and hepa
tomegaly (Figure 10} the subacute stage and the chronic stage 1n which
there 1s cirrhosis of the liver

Histologicallv & the essentral finding 1n the acute stage 15 a blochage of
the medum sized and smaller hepauc veins by a subendothelial swelling
of the mtimal tissues (Figures 11 and 12) This swelling 1s apparently due
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Ficvre 13 La er from a case of acute ¥ OD sho ing an appearance sim har
1o the nutmeg” pattern of cardiac venous congest on

to edema but later becomes collagenous This intimal occlusion produces
a blocl centrolobularly with distension of the tributary sinusoxds so that
macr 1y the app e that of 2 nutmeg Iner of
cardiac congestion (Figure 13)

The subacute stage shows a persitence of centrolobulir fibrosis (non

portal) and the chromc stage 1s that of a fully developed nonportal
cirrhosis

G phical Factors The hical distnbution of senous occlusine
disease of the lnver m human and anmal cases 1 gnen in Figure 14 and
appears to be world wide

Humin cases hmne been extensneh  studied not only i Ja
maicat %0 2833 4 81 7 hye glso 1n Barbados ¢

In Inda Rao (1g935) has described an infantile crrrhosis originally
said to be a form of bihary cirrhosss Rao demonstrated 1 enous occlusion
and after perusal of the lircracure the present wricers beheve that the
condition may well be due to venous occlusive diease This however s
not generally accepted by the Indian workers? Jeliffe and Bras* on the
other hand have recenth mestigated some cases of Indian infanule
currhosss the histopathology of which has been mterpreted as similar o
venous occlusive disease South African workers have suggested that
Senecio (ragw ort) porsonmg may exhibit the picture of Chiar s svndrome
m which thrombosts of the hepatic veins 1s one of the outstinding le
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sions ® and rccemrls Higgmson ® has reported some cases of venous
acclustve disease In Lgyvpt Hashem  has described a conditton which
we believe to be venous occlusn e disease histologreally  although Hashem
differed m his 1aterpretation

In ammals Irvers have been exammed from cows mn Jamarea exhibrung
the classical lesions of venous occlusive disense although the exeiting agent
beliesed to be 2 weed has not vet been identified ©

In England Markson * has myestinred presumptive Senecio possoning
m cows and the lesions are those of venous occlusive disease 8 7

Enzootic liser cirrhosts demonstrated n horses and cattle i South
Afnca by Theiler © appears to be identical to venous occlusne disease
while specimens sent to us by Dr Bull® from Australia from a horse
suffering from Crotalana poisonmg resealed 2 strmlar histopathology

Humn and Soctal Factors In all human cases no definite etiologtcal agent
has been identified other than the taking of bush tes in Jamarca or sug
gestiie Senecio poisoming m South Africa However patents have be
longed to a low mcome group and as a consequence there seems to be a
relation with malnutritton and a low proten dret

In the ammal cases (horses and cartle) the disease appears to be as
sociated with the eating of posonous weeds either of the Senecio or
Crotalana groups (py rollizidine alhaloids)

There appears ta be no sigmficant sex or racial inerdence although the
disease may be conditioned by the prevalence of a low economuc status
colored peoples

Biological Factors Lattle research has been done of any significance into
the suscepubility of different blood groups AMany human patients are
highly parastused ¢g  ascarnasts and hookworm and although these are
probably not related to the primary cause of the disease they may plyy
a secondar) role

SuAMaRY

Geographic pathology 15 the mreracuon of pathological and geogripht
cal factors these arc discussed as they affect viral hepatitis yellow fever
and venous occlusne disease

In viral hepattis (nfecrions and serum 1arseries) there appears to be a
seasonil incrdence in colder climates but not in the cropies Certarn 2reas
such as Germany and the Mediterranean httoral apperr to be  sceded
by the discase malnutnition which 1s 2 geographic factor has an effect
on prognosis

In vellow fever geographical and pathological factors plav a grear
part m the spread of the yvirus m both the urban — mosquito man cyecle
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—and the jungle — mosquito monkey (man) cycle—tpes of disease
The current wave of y ellow fever m Central America 1s discussed aflustrat
tng these pomnts

In venous occlusine disease to date onby the pathological factors have
been extensively studied and although the disease has a world wide dis
wbution the importance of the geographic aspect 15 not y et apparent
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Pathologic Anatonzy of Early Stages
of Viral Hepatitis*

HANS T' SUETANA MD
(Washington D C) * .

Histopathologic examination of the Inver 15 the only means of dugnosing
viral hepatitis with reasonable accuracy W hile clinical observations and
the results of pertinent laboratory tests'® 1 & 3% often vield strong evt
dence for or agamst this diagnoss they do not furnish reliable proof Even
during epidemucs of viral hepatitis when 1t mught be expected that the
clinieal dragnosis of individunl cases could be made with comparative
assurance biopsy studies have proved the evstence of some other mfection
m many mstances ® ™ In sporadic cases chnical diagnosis presents even
greater difficulties and the value of biopsy 15 emphasized for such cases
may be the forerunners of an tmpending outbreak of epidemic proportions

The histopathologic changes occurring i infecnous hepatins and
homologous serum hepatitis are identical even though distiner albeir
related viruses2 * @ 3 have been established as the etologic agents
of the two diseases It 15 m the several stages and phases of viral hepatius
of both types that great differences are obvious in the alterations of liver
tissue Iecognition of the disease 1s comparatively easy m 1ts earlv stages
of flond change but 1s mcreasingly difficult m the subacute and chronic
stages unless biopsies have been performed early 1n the course of the
disease

Becawse evaluation of the changes m Iner tissue durmg the early stages
of viral hepatitis 15 s0 essential to dragnosss the purpose of this paper 1s to
present the detailed critern that hve been cstablished for the diagnosis
of this condition particularly in needle bropsy materal \\ h:ch has proved
to be most satisfactory for histopathotogic study * ¢

W th part 1 r reference to the epidemic m Deltn Tndia 1955-1056

Present aile  The Vaflathbha Pated Chet latitute Delht Unnermry
Delts_Ind a wnier the au § ces af the U § Incernatinal Co-operariin Adsmum tra
uon Tethnical Co peration Vission Health Dy sion New Delfy India
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Histopatrorocic CHances DURING THE ACUTE STAGE oF
Novratat \ raL HepamiTis

In biopsy materal obtained soon after the appearance of chmcal svmp
toms of hepatirs the lobules of the lner exhibir a variery of changes
which howeser do not sigmificantly alter the essential lobular archutec
wre The normallh quiescent hver cells exhibit marked unrest and grest
variation in size and shape the radil columns often deviate from ther
usual strarght course and are irregular in width (Figures 1 and ) Infil
trates consisting mamly of mononuclear cells occupy pornons of the
sinusoids and of the columns Vany of the hupffer cells contain granular
golden brown pigment (Figure 3) which m all probabilis 15 hipofus
cin ® @ 33 40 6446 69 T8 The poreal triads are unusualhy prommnent because
therr stroma 1s diffusels mfiltrated by lear cells and Jt
(Figure 4) Despite the presence of severe clintcal jaundice and lugh uters
of serum bilirubin retention of bile within the bile canaltcult or small bile
ducts 15 not a feature i the early stages of hepatitss of this type

Alteration of mndnidual Iner cells consists of swelling or shrnhage
(Figures 3 and 5) Swelling 1s assortated with vacuolation of cyroplasm
and partial or apparent reduction of the cvtoplasmic granular matersal
that usnally can stll be recognized about the nucleus but sometimes re
mains entirely unstained The nuclens may be without sigmificant changes
excepr perhaps slight swelling and the presence of eosinophilic nucleoh
The cell membrane 1s clearly defined 1n mstances of extreme balloon
g of liver cells 1t encloses a space show mg but thin threads of 2 cvio
plasmic web about a centrally located nucleus ® 3 43 2 Qccasional gran
ules of hipofuscin are seen 1n some of the cells thus altered

Shrinhage of hiver cells 15 P d by philic hyat
of the cvtoplasnuc contents with py hnoss or hary orrhes of the nucleus
(Figures  and 3) The hvalmzed matenal or so-called acidophilic
body % 3 becomes detached from the cell membrane and 1s discharged
1nto the sinusoids Formatton of mulanucleated grant cells from Inver cells
also occurs therr ¢t toplasm may contam hipofuscin and ocessional parucles
of bule

In addion to degeneratine changes of hver cells regeneration s sug-
gested by mutoses of nucler or mutunucleated cell elements Actual necro
sis of Iner cells 1s rarels seen but must be assumed even though no

shadows of dead or dving Iner cells remain and no  ghost cells mark
the local effect of the virus infection

Tn most mstances these alterations affect the Iner lobules diffusely & 33 &2
although the centrolobular areas are peshaps more severely damaged than
others (Frgure 1) Needle bropsies from any portion of the organ reveal
the same sigmificant changes? 77
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Fieure 1 Acute nonfatal viral hepatttis Luiver ncedle biopsy 3 days after onset
of illness Moderate wrregulanty of biver cells, with degeneratme forms focal
mononuclear cell infiltrates within the lobules and 1n portal areas and some
distortion of the rad 4l cell columns Diffuse involvement of Jobules (X r135)

(AFIP Accession . 7»4 )
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Fieere 1 Acute nonfatal ml hep:\nus Tt er needle biopsy 3 days after onset
of 1 untice Sc hng herat o f Lver cell w th form ton of balloon cells
(BC) and earlv acidcphil ¢ bodies (AB) Architecture of fob ule distorted by
wrregulanty of L er cells formmg the ¢ lumns Intralobutar mnonuclear cell
mfiltrates and focal ¢ ngestion of sy ¢ Lipofuscm m some hupffer cells
(X 315) (AFIP Accesson 315047)



Fictre 3 Acute nonfatal viral hepatits Lrver hiopsy 3 days after onset of
allness Degenerative changes of kver eells with formation of balloon cells
and acidophilic body” (Ab) Lipofuscin 1n Rupffer cells (R) A few mono
nuclear cells are seen i sinusoids (X goo) (AFIP Accession 3tjo3 )
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Fuovwr 4 Acute nonfaual sl hepstu Liner needle biopsy 3 days after 0ser
of tllness Lxtensi ¢ mfilirates composed of m n nuclear cells, lsmph cytes
and eosinophils 1n stroma of portal canals (X 300) (AFIP Accession 327042 )
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Stamns for reticulum show that the mndivdual fibers are mntact but that
collapse of the stroma and condensation of argentophilic fibers have oc
cured 1n areas of the parenchy ma where damage 1s severe (Figure 6) The
biliary passages do not exhibit any charactenistic alterations Neither the
portal vessels nor the efferent vens scem to be damaged 1n nonfatal cases
m some fatal cases however necrosis of the walls of efferent vemns

d with c lobular infiltrates has been described

Fat m liver cells 1s so rarely seen 1n this disease that its obvious presence
speaks aganst the diagnosis of viral hepanius 17 $3 66 0 ypless the patient
has been vigorously treated with antubiotics or hormones

No single change 15 diagnostic of viral hepatitis the individual features
1ary greatly 1n different cases and m different stages and phases of the
same case Not all of the changes enumerated need be present at all times
Some are but scantily represented others may domimnate the picture and
thus tend to obscure other details Tt cannot be too strongly emphasized
that the important disgnostic feature of acute viral hepatius 1s this very
kaleidoscopic and vanegated nature of the change that msolies every
lobule throughout the entire Iner altering completely its regular quiescent
appearance (Figure 7)

Thus apples equally to the histopathologic appearance of nonfatal viral
hepatitis as seen 1n liver needle biopstes i Curope 8 ® 15 67 74 77 jncluding
the Scandinavian countries ° 3 3 6 the Mediterranean & North Aftica 7
the \liddle East ? 4% the Amenicas #© 4 © Japan 3 and horea '* According
t Wahi ™ the lesions observed n an eprdemie mn Agra India conform
1 general to those seen m other parts of the world

INTERPRrTATION OF THI CHANGES SFEN IV THE
AcuTr Stact oF Novratar ViraL Hreatimis
‘The basic alteration of the hher resulting from infection with the virus
of hepatins 1s one of damage to indn1dua) cells Jeading esther to degenera
tve changes or to necrosis Although necrosis of liver cells 1s rarely seen
mndirect and circumstantial evidence that 1t occurs s prosided by eollapse
and condensation of the reticulum fibers 1n arcas of massne destruction
of the parenchymt and focal distortion of the course of these fibers
adjacent to altered cell columns Tocal nfiltrates of mononuclear cells
wathin the lobules probably represent local reactions about necrotic Iner
cells even though the affected cells are no longer visible
Extensne lobular necrosis a p feature 10 acute ycllow
atrophy 15 not observed even in severe hepautss The cellular infiltrates
someumes seen centrallhy in fatal cases of hepatiis have been nterpreced
as an mflammatory reaction about the efferent vein These cells most of
which are mononuclear and some of w hich contain lipofusein may sumply
represent wandening cells that are carrying phagocey tized debris from the




Fistke 5 Acute nonfatal viral hepanis Liver necdle biopsy 5 days after onset
of ilness Great vanianon 1n sign shape and staining chatacteristics of fiyer
cells Some are swollen others haon formed balloon cells  Occasionsl
binucleated elements are present (3 960) (AFIP Accession 316131)
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Fioonz 6 Acute nonfatal viral hep s [ er mocde bi0psy 23 davs afeer anser
of yaundice Center of lebule show ng efferens s ore (L) and radatng cel]

of argentophilic fibers 1n mans areas mdc e lngs Ar liver cells and cenl
columns (Wilder reticulum stain X o) (ATI §erps ot 3 504 )



Fievre 7 Acute nonfatal saral hepatitis Liver needle biop 3 2x days after onset
of iline's Tocal necroses m 1 bule  Bile thrombi  (T) i bile capillaries
(% 525) (ATIP Accession 319263 )

R o o R e s A R R
RPN SR Rl vl %
- . S
TN oA SR I DR N et |
Trover 8 Persseent n nfaal  ral hepauts wh po tecrotic scarnng Liver
needle bop v 5 1y nl after nct  f ilness Irlarpement and scarting of
perelarea (P) wch exeen «n t nechl ming P real felds. Mononuclear cell
imfilteat 10 sty ma of tnd and jrolferang bile ducs Me scars
d e the T bul 3 reegular p tor some of which concun an efferent
van (1) (4 gy AP A 1 n §63007 )
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necrotic lobules to the nearest vessel The presence of lipofuscin n
Kupffer cells which ordmanly are devord of this prgment 15 construed
as further evidence of the destruction of Iner cells that contamed Lipo
fusein with subsequent phagocyvtosis of pigment granules Lipofuscin
may also be seen m the acidophilic bodies

The presence of lipofuscm m altered but non necrotic Iner cells and
in zcidophilic bodies  and 1ts absence m newly regeneratng cells sug
gest that this pigment within a Iner celt indicates degenerauve change
Evidence that these alrered cells have disintegrated 1s the Jipofuscin i
phagocytes

In general alterations of Iner cells 1n this stage of hepatinis are regarded
as reversible for there are cells undergoing mrtosts and the famihar mults
nucleated regenerating cells as well as swollen or even balloon cells
chat still are vuable  Acidophulic bodies  which are the products of mare
advanced degenerarton are not regarded as viable cells

The dal infiltrates of lear cells appear at umes
as 1f they nught have sprung from local reticulum cells that possess po
tential hermtoporetic function ® while similar accumulations of cells m
the portal areas represent true mfiltrates The cosmophils may reflect
either a systemic eosinophia or a local leuhotavic effece The portal
mfiltrates are not interpreted as an expression of a focal nflammatory
reaction or triaditis

The absence of retamed bale in the canaliculi 1 the presence of severe
chaseal jaundice and sigmificant cellular alteration of the hepatic paren
chyma 1s beheved to be the result of extravasation of bile into tissue spaces
and sinuseids from the canalicult disrupted by the necrosis of parenchs mal
cells For this reason the absence of Inle thromb: cannot be taken as
cuidence of the ewstence of antcteric hepatiis 1 5 5 33 49 62

The remarkably good preservation of the reticulum fibers despate some
distortton even 1n scvere or fatal cases 1s very hkely responsible for
the perfect realignment of the liver cells as they rebuild the depleted cell
columns

“Tue HistoramioLocic Ciranges 1\ Sussioing VIRAL Hrepariris

Comparnison of Iner biopsy matertal from convalescent pauents with
¢that obtamned during the florid stage of the disease shows a gradual dimmu
won of necrotizing and degenerati e altcrations of the hepatic parenchy ma
with reg ne chaages pred ating There are stll irregulanities 1n
the suze and shape of lrser cells as well as 1 che width and course of mans
of the cell columns It & dunng this phase of subsiding hepatitis chac
tstalogic evsdence of bile retention may appear The mononuclear ccll
\ofiltrates particularly within the stausoids dimuush 1n ettent and gradu
allv disappear those 1 the stronma of the portal spaces usually remain for




Patl ologie Anatomy of Early Staes of Viral Hepatitis 8,

a longer ume before they too vamsh For some time afterward the
portal canals appear larger than normal and seem scarred The bpofuscin
1 the hupffer cclls remamns visible for several weeks or months and in
the later phases may be associated with stamable iron % © The reuculum
fibers tend to resume their narmal relanons with Iner cells and sinusords
and areas of collapse and condensation are less frequentls encountered
Finally the Iner tissue regains 1ts normal appearance ** ¢ and kiboratory
tests mdicate resurution of the normal function of the organ

InTeERPRFTATION OF THE HistoPatnorocic Canges 1\
Susstprng \ Irat HepaTiTIS

‘The evidence of continuing restoration of hier tissue indicatgs that the
nfection 1s being orercome and normal hepatic functions are being re
sumed As necrosis of liver cells ceases nfiltration of mononuclear cell
substdes The walls of the disrupted bile canahiculi are restored as the
cords of Iner cells are re formed thus the bile cannot spill our as 1t did
during the stages of liver cell destruction The plugeing of canahculs that
18 now demonstrable 1s regarded as a by product of regeneration of paren
chymal cells The newlyv formed cells often larger than their mature
fellows mav cause temporan obstruction and stasis of tile n the dis
rupted canalicul: The logical discrepancy 1n trvang to establish a causal
relationship berween bile thrombr  and chinteal jaundice 15 readihy re
vealed at this stage for even as the ile thrombr are increasing in
number the serum bihirubin 1s dropping and the jaundice 15 subsiding

The fate of the Lipofuscmn phagocytized by the Rupffer cells 1s not
known but the pigment disappears from these cells after several weeks or
months During the penod of restoration of hiner cells tron pigment 1s
usually demonstrable in Kupffer cells an indication, perhaps that the
regenerating cells are not vet equal to therr mam funcnons including
therr role in iron metabolm

Full recavery from viral hepants 1s generally associated with restitutzo
ad integrum of the parenchvma of the Iner

Tue Historatiorocic. CHANCES ASSOCIATED WITH
PosTNECROTIC STATES O\ IRAL HEPATITIS

Much has been w rmcn nn postnecrotic states of viral hepan
TSt TS 3 AL

Sunultaneous dcstmcmm <s( \:mc portions of the liver parenchyma by
the virus mav create a situation mn which the effectin e replacement of Iner
cells 15 retarded and incomplete This 1s particularls true at the center
of arexs of extensne necross thit often etend into neighborng lobules.
Tn such areas there are no regeneratme liver celb to separate the cn]hpscd
reuculum fibers and they remam as scarlihe condensed strands of argento
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phtlic fibers® 9 traversing the lobules in haphazard fashion Different
lobules are affected n different ways and desprte the destruction of the
surrounding cells many of the efferent vetns are preserved and are scen
m their usual posttion (Figures 8 and g) In a2dditton to these changes
the Iver lobules extubit many or all of the alterations ordinanly seen
viral hepatitis

Almost complete destruction of the Irver parenchy ma in a severe near
fatal artack of viral hepatiis may be follow ed by undisturbed regeneration
and reorganizatron of Iner tisste A possible consequence of such 2 course
15 the formanon of coarse nodular cirrhosis or postnecrotic cirrhosis %
(Figure 10) Although sufficient liser tissue remains to support hfe the
altered arghitecture of the lobules gnes rise to circulatory disturbances
which eventually result in portal hy pertension and 1ts sequelze (Figure 11)
This condition 15 a versy rare extreme consequence of viral hepatiers and
can be distinguished from cirrhosis of other types by 1ts specific charac
terstics 69 69

INTIRPRETATION OF THE CHANGES SEFN IN THE
Postnrcrotic States or VraL Hrtamimis

The histapathologic picture seen in biopsy specimens from cases of
postnecrotic collapse 1s but 2n exaggeration of that usually encountered
i ordmary viral hepatins except for the more extensie simultancous
necrosts of large groups of Iner cells Restoratton of the functional or
gantzation of the lobules 1s incomplete and accompamed by apparent
permanent collapse and condensation of rettcuttum hbers to sinulate sears
The distorted pattern 1n the regencrating Inver may be mistal en for that
of portal cirrhosss particularhy i needle biopsies where onby 2 hmited
portion of the parenchyma can be suneved However further biopsy
studres will show that the scarring is neither general nor does 1 alter
the structure of all the lobules  Cirrhosss connotes 1 general diffuse 1nd
umtform alteration of the structure of the hver with reorganization of
regenerated Iiver cells nto pseudolobules The local fibrosis and scarring
or condensition of reticulum 1n hepants cannot be reconciled with this
defimeion © ! nerther are these changes succeeded by the phyvsiologic
consequences of long standing cirrhosis  poreal hy pertension  develop
ment of collateral circulation and ey entual hepatic msufficiency In some
examples of extensrie postnecrotic scarring (coarse nedular cirrhoss)
the terminal phystologte effects on the patient may be indistinguishable
from those of portal cirrhosts but the pathogeness and histogenctic de
velopment of the two conditions are enurely different  In a study of
cases 1n which there was a tustors of viral hepautis cirrhosis could not
be attributed solely to the effects of the hepautis mn 2 single case 7 It 1s
possible that postrecrotic scarring has 1n sume 1nstances been tdenufied
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Fioure g Persistent nonfatal viral heprons with po mecrotc scarrng Luser
needle biop y 5 month after onset of ilness Condensaticn of reticulum fit ers
bets een pre ceved portions of | er ussuc and al out groups of regenerated
Iner cells (Wilder reqiculum stam X 100) (AFIP Accession 563007 )
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Fictre 10 Cc tsc nudular cirthost ¢f tiver The ind  tual nodules are com
poed «f regeneratd and reynan od but pou | defined Jot ules The nodules
ar separated Ly septa f emed manb <€ ccll pwed and conden ed rencutum
filers and the stroma of survning p real canals witl s bile ducts an 1 portal
vesel (X 13 ) (ATIE Acces on 160foq)



86 dAuatomy Flysology anf Patlology of the Irer

plulte fibery ® 13 2 eraversing the lobules 1n haphazard fashwon Different
lobules are affected in different wars and despite the destruction of the
surrounding, cellh many of the efferent vemns are presenved and are scen
m thar usual povtion (Frgures 8 and 9 In additon to these chances
the Iner fohules exhibnt nnny or all of the alterations ordinanly seen i
vieal hepatus

Almost complete destruction of the ner parenchym in a severe near
fatal sterck of siral hepatits may be followed by undssturhed regeneration
and reorgamzanon of iver bsue A povable consequence of such 1 coune
1s the formation of cosne nodulir aarthosts or postneerotic cirthoss ¢
{Fpure 10) Althouch sufficient Iner tsue remuns to support Wfe the
altered arghitecture of the ibules gives e to arculitnny dnturbances
which esentualls resultin portal b pertension and ses sequelac (1 wure 11)
Thes condition 1v a very rare extreme comsequence of sl hepatien and
can be duungushed from arthos of other types In s speaific ehirac
terntics,st ¢

IntergETATION OF T CHANCES SEEN s THE
Postarcronc Stasrs o Vira Hisaoins

The hutapathologre picture scen m bopsy speamens from enes of
postiecrotie collipse 1s but an extcgperation of that w il encountered
i ordinany viral heprnts exeept for the more extensive  stmultancous
necroses of large groups of hier cell Restoraton of the funcaonal or
gmzatnon of che lobules 1 mcomplete and accompamed v apparent
permnent collipse and condensation of reticilum Abers to simulite setry
The distorted pattern in the regeneriune, lver mav be mntalen for thit
af portal arrhosis prrncatarhy m needle biopses where onls 2 hintted
portion of the parenchvmy ¢in be sunveved However further tnopsy
studies will show that the scarning, 1w neither genertl nor docs ar aler
the structure of all the lobules  Cirrhoss connotes a generi! detfu e and
untform alterion of the structure «f the Jner with reorginetion of
regenerated hver cell into p cudolobules The loctl ibrosns and scarrng
or condenvition of rencolum in hepntis cinnot be recopaled with this
defintnon 7t nerther are thoe dinges succeeded by the pinsiologic
comsequences of long stnding arrhoss portsl by pertension develop
ment of collateral airculition and eventund hepine imufficiency  In some
examples of extensne postnecrotie sairnng (coirse noduhir cirrhoss)
the termmal physiologic effects on the patrent mas be jadistncushible
from those of portal urrhosts but the pithogeness and histogenetie de
velopment of the two conditions tre enorcy duferent b In 1 seuds of
cases 1n which there was 1 history af vieal hepanon archoss could not
be attributed solels to the effecrs of the hepatis n 1 single ene 7 Ir i
pomblc that postnecrotic searnng hw m seme mstances been dentificd
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Tieere 1 Coarse nodular currhosss of fner Needle biopsy specimen of nodule
showing sevcral small poreal triads (P) contaming fractcally no stroma and
manv collecting sinu oids arregularly scateered at out The rad al arrangement
of the lobules 1s being re formed (X 75) (ATIP Accesston 693162 )
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Tictre 2 Perst tone o nfatal viral hepane  Liver needle biop y 38 days after
onet «f lle The | er clll 1 farly umform with but few nuly
nuclar d elenar Th 3 rea) inhltrace ar
ReCre cs aze scatter d thr ugh the lobules (X 45} (AFIP Accesson 319%33)
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as arrhosts of the hver beeawse the term cirrthins i 5o looselh used

Te s hoped that further well conerolled studies wall chinfy the ssue and
that adoption of the termmology proposed by the Boaed of Clusificatnn
and Nomencheure of Circhosss of the Tiver will obyaare future munder
standmg, 1t

T Flistor amioincic Ciancrs In SURACLTF AND
Prronwtist Vimar 1l anms

A relatnely small pereentage of patients wih hepatits contmue to
suffer from indigesnion g wtromtestmal discomfore and vague pans and
senations of fullnes i the regon of the Iner long after the acute attack
has pased® 3 ¢ 31 The resuhts of haver function tevts are somew hat
abnormil © € Ncedle bwpses of the lner performed at wtervals after
the acute epsade show that the extent of the dunee i dinunshing and
the onginal functienal patteen of the lobeles s berng, restored (Heure ¢ )
Tocal necrosts 1s suff represented by the groups of mononuclerr cell
replaumy, hver eelh which have doappeared from the columns (1 pure
13) Occrsional bile cmalicuh contain bule chromin but retentton of Inle
15 not general The stroma of the portrl arens remnns moderately infil
trated by mononuddear cells and 3 fow cosmopluly The most impressne
ferture however » the penntent mequalinn of indindul Iner cells
Aamy cclly contan two sametimes more nucler differences in therr sizes
and shipes and in the stunmne propertics of ther oy toplsm smpart a cer
tun arregulanny and appearance of unrest to the nomnlh regular and
quiescent radnnne columne An oceasional acidophibic bods may stll
be encountered Rather serhing are the colomies  of hupfler celly with
the golden brown picment of hpofincin etther granular or diffine n
their ey toplsm (Higure 1) These nests of prumented cells are sometimes
the predommant foature an parts of the lobules bur hive no apparent
predilection for ans partculir portion Phacocy tes within the stroma of
the portal cinal mn al o conrun ths proment The reticulum fibers 1t
vanous sttes tn the lobules are often condensed but the andirdual fibers
remam ntact nd dehicire The stromy of the portal trad partulhy de
pleted of mononuclear infiltrates often exhubuts a peculiar corrsencss
and che hmting, membrane 1 not as clearly defined as 1n normal condi
uons (Ligure 15)

InTerERITATION OF THE Cirascrs OnsrrRyFD 18 SUBACUTE AND
PrrsisTenT VaraL Higatims
Perustence of the hepitttis i these cses indicates the posabthty of
tsue resstance with mmedere fivanon of the sirus wherever e atticks
the timsucs anest Yet dehmte i restricred activimy of the virus is shown
t the presence of focal neeroses i the subacute and persistent discase
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Ticure 11 Coarse nodular currhosis of ner Needle biopsy specimen of nodule
sho g several small portal tad (P contaiming pracucally o steomu and
many ¢ llectmg smusords wrregularly scattered about The eadial arrangement
of the lobules 1 be ry, re formed (X 75) (AFIP Accession 69316 )
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fiotre 13 Perustent nonfaal rlher tv 1 ronc dle b psy 38 days after
onct f Mnes The hor W r t el unfrm \ith but fow mula
ne ot clements The pitd g flist w v lur otcat nal F eal
Mecroses are scartered theo ghth 11 1 U 4 ) (AFIP Accesson 319833 )



88 Anatomy 1lysiolosy md Tatlology of tle 1rer

s airchoss of the Iner becawse the term archosts bs 3o looseh wed

T s hoped that further well controlied studies wall clseify the isue and
thae adoption of the termmologs propised by the Board of Chissification
and \omenclsture of Cirrhoss of the I nver will obyute future mpunder
standing,

Thor Historarnorocic Ciancis iv Stascutr asp
Prrsetent Vaka Hivamms

A relisely sonll pereentice of paticnts with hepauns contiue to
suffer from mdisestion gastramtesunal discomfort and cague pams and
senanians of fuliness in the regron of the Iner long after the acute ateack
has pased™ 3 ¢ 3 The resuls of hier functon tests are somewhat
abnorml ©* 42 Needle bropaes of the Iner performed ar intersth after
the acute episode show that the extent of the diige 1 dwvndune and
the ol functional partern of the lobules s heme, restored (igure 1 )
Tocal necross ss sull represented by the groups of mononuclear celb
replaung Iiver cethy which have dmappeared from the columns (Figure
13) Occavonal Inle camlicult contun ale thrombs but retention of bile
1 not general The stroma ot the portal areas remams moderately infil
trated by mononuclear celly and 1 few counophils The most mnpressine
feature howeser s the perntent nequilin: of indnidual Iner celhs,
Many cells contain ewo someonmes more nucler dfferences m their sizes
nd shapes and in the staming, properties of their ¢vtoplaym unpart a ccr
tan wregulants and appearance of unrest to the normath repulir and
quiseent radiating columns An occasionst acrdophulie body  may still
be encountered Rather strihiag, are the colomres  of Kupffer cells with
the golden brown pigment of Ipofuscn ether granubae ar ditfuse m
thesr ey toplism (Fiqure 14) These neses of promented cells are sometimes
the predommant feature 1 parts of the lobules but hie no apparent
predifection for any prucubir pornon Phacocy ses within the stronn of
the portal cinils mn abo contan thes prgment The reticulum fibers ar
vanows sites 1n the Dbules are often condensed but the ndndual fibers
renvun mtact and ddicare The seronm of the poral trad paraally de
pleted of mononuclear hltrates often exhibits 2 peculr comnencss
and the lmitmg, membrane s not as clearly defined as 1 no mal cond:
nons (Fipure 15}

InTiRigETATION oF Tity Clances Qusiryen 18 SurscuTE AND
Pepstsrint Virar Huvarns
Peesntence of the hepauts m these cases indicates the possibilits of
twue Tesntance weeh unmediate fivation of the virus wherever it attacks
the tissues anew et defimee if restricred actnany of the virus 15 shown

by the presence of focal nccroses m the sulnicute and perastent disease
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Fiotar 13 Persi tent nonfatal viral hepatus Liver neefle b opsy 13 days :((u
on et of 1llness Focal infiltrates of m nonuclear cell about arcas of necr s

of Iner celt wichin the lobules Shight irregulanty of parenchymal elements
(X 450) (AFIP Access n 320043 )
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The presence of occasonal bile thrombi 1s probabls related to regenera
von of hver cells and repur of dorupeed Inde prvages The numerous
Kupfler cells that contain Bipofusan supgest that mpurs to the hepatic
prrenchyma was actually more exeenstee than suceested by the numbies
of pible focal necroses atone

Viral hepatits i which pertods of chaucal actnws are followed I
mrenvab of temporary quiescence has been hnown to penit for a long
ume even for many vears Ahhouch the vinus of heparms has not as et
been conclusiselv demonstrated an the blood or tsues of patients wich
the persstent dnense 3t the appearance of the Iner an needle opwes
suegests no other cane fur the histopathologic alterations which are en
trels compatible with those of vral hepatis

The rather unusua! chronrees of this wrus disease suctests an analogs
with the penstent vanees of ofal hempes infection ** 1n which a state of
unstable cqubbnam between the tissues and the infecrious acent » oc
castonath mamamed throuch the veins

The concept that portal cirrhosts m1y be a comsequence of per
sistent vl hepatits 4 871 38 368 hag got been generslly con
firmed 2 #7 %= Ina studv of soo0 eases of vnal hepatins at the Amed
1 arces Mnstreure of Pathology from 1949 to 1955 % ** hustopathelogic ev1
dence of portal cirrhists was neser observed m repeated bropsies per
formed on patents with hepauts thae had persisted for numy vears

Fara Viear Hoanws (Aaum Yitton Atronm Sunseetr
Rin Arkorss Carapesas Javsntear Domesiie Jauspir
Teosasast Hianirs)

The extreme form of viral hepaotis was kit accuraceh descnibed by
Rokiranshs @ who gave it the namie acute vellow atrophy  and heer Iy
Rossle  This was abo descnibed by Fucke and Maltors as fulnunant
hepaners ¢ The Iner s teund to be shrunhen fhibbs and a peculrar ocher
vellow t color This form of hepatits s rapidly fatsl patienes often dic
within a few davs with siins of hepane mesafficrencs In generl fencth of
survuval 15 related ro the wmount of ssue spared by the virus and the speed
of regeneration of Iner cells

The microscopic picture is charcterized by extensne accrosss and the
duapperrance of ver cells lewing onby the seroml trameworh wath i
Dlood sessels and bile ducts (Figures 16 1, and 18) The extent of the in
flammatory reaction depends on the lenieh of sursival of the panent I
conststs mainh of nfilerates of mononuclew ccll wsurlly 1n and around
the portal areas but accasionilly shout the efferent vems I the heeer
location some of the cells may contain phigocs tized granules of hpofusan
The retculsr seroma i well preserved the indn idual Rbers 1re intace
Superficially the lobular arclutecture appears unchinged eveept that the
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Fietre 17 Acute fatal viral hepattis Death zo days after onsct of illness
Total necrosis of It er cell Survi ing stromal elements phagecytic cells and
bile ducts (X 450) (ATIP Accession §48132)

glctlr 8 Acute faml rlhpua I th o 3 after coser of dlness.
n

Ld et and x ) onald mbedde) et ular framewcrh (W dder
retculum stan x 4502 (ALIP A nosy8a)
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Fievre 17 Acute faal 1ral hepantis Deth 0 days after onset of diness
Tetal necro v of Wer cell Surviving stromal elements phagocytic cells and
bile ducts (X g50) (AIIP Accession sq231)

Fiome 18 Acute fr1 r) heg mr Death o da afrer  nset Of allness.
Bleducesand x 2 n 1l r Il embedd | reteular framework (Walder
fetculum stain % 450 ) (AFIP Acce ton 548 32)
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vartous stages of viral hepatins N\ormal Iner pssue was encountered
3 instances infantile carrhosis and fates Iver . each evidence of extra
hepatie obstrucnion unrehited to viral hepantisin and granulon forma
tion of undetermmed ongin cholangiocarcinoma and portal cirrhosts
1 cach

Sy fise of the paticnts with siral hepautis were male and 13 were
female The myonn were voung adults between the aces of 15 and 30
vears Thevoungestwas @ the oldest was o Three of the patients died
The ate and sex dntnbunion s given o Table 1

Tamr 1
ACT AND SEN DI PALIENTS
Age IO
(yrs) ales Femles lad Per Cent
1019 14 2 it Jii R
10-0) 35 P Jott 513
30-39 10 <t 12 154
049 4 1 s 64
50-59 2 2 + AR
(0-69 o 1 1 13
T 1l 65 13 8 1000
p qunt tpeeane tlfsealeac 1 faraleacs Dmal 1 fmal (pren

nr)

Tnr Hwroramorooe Ciarseteristics oF e 1ngr v Tuf Do
timisic or 19,5

The biopsy miaternl m me v of the cases exhibuted features that varted
from the accepted histe b sre picture of acute ponfatal stral bepantns m
other emdemics thrjugheut the world' 7 In fact the differences were
sometimes 5o strhing as v threw doubt upon che dingnows Hawever the
chnteal charactersues and Jiborizery findmes were entrelh compatible
with those reported m other epademecs Cultures for conplicating mecro
OrLanms serologic teses and stams for ¥ eptospira were consistenth nega
uve Therefore the histologc featurces seen m biopses 1 this eprdemic
were accepred as representatie of the wide varations possthile in the histo
p:tholugual appearance of the Inver m viral hepanies In this discusston the
wsual changes will be referred to 2y standard  those characterzing mans
of the Delh cases a5 obstructive Hutopathologic features 1o the ob

structne  tpe that differ trom the standard  are as follows

I Bile stasis m the bile canaliculi 1s marked even m o carlest stages
observed (Fiy 19} These usually dehcate and almost imvisible struc
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Fit®e t9 Acute nonfaral viral hepatins 1ih pencholanett ¢ of trucune
type) Liver recdle biopsv 1o davs after on et of dlness Degeneran ¢ hanges
of Iner cell focal ntralobular necroses ith mononuclear cell mfiftrate
and marked staus of bile (B) i bile canaheul (X 330) (AFIP Accestn
$81362)

tures are often so distended that they appear as glandhike channels with
alumen contarming bite and surrounded by hver eells (Fig 20) In some
wstances portions of lobules are transformed 1nto smular nfanule or
embryonil bile ductules (Fig 21) The ner cells surrounding the
glandhl e lumen often show alteration of 1arying degree particularly
vacuolation of the cytoplisin on the side away from the talury channel
This change may sometimes be so extreme as to msolie the entire cell
Polymorphonuclear leuhocytes occur with much greater frequency
ey are assocrated with mononuclear cells m the mhltrates 1 the
stroma of the portal areas and in the focal nceroves  withun the lobules
(Figs 12 23)
Degencrative alterations such as swelling ballc omng and vacuolition < f
mdivdual Iner cells are not as promunent  acadophihe bodies  are
uncommon antralapular nfltrates are less frequent  lipofusain m
hupffer celly does not appear as carly and i not as distinet as in_saind
ard lesions but1 wsually present particularly in the persistent form of
the duease (Tig 24)
Distoraen «f the radual cc lumns and the lobular structure as a whole s
less conspienous (ligs 25 26)

-

No one particular hustolomic feature can be sclected as charactenstic of
obwtructine hepatiers espeanally sinee all componcats associted with the
standard  prcture mav also be present Howeser the ercater degree of

intralobular lule stasis the transformation of the bile camlicul mro em
bryonal Inle ducts and the wbundance of pols morphonuclear kukocs tes
dffer sigmficantly trom  standard Jeatures



Tictre 20 Acute nonfatal viral hepants, b trucone type Iner needle
biopsy 24 davs after onsct of iflness. Transfe rmation «f mamv of the fner
cell columns o glan dhhe structures about the lumen of distended bile
canaliculi Droplets of Lile i ductules (X 300) (Irwin Hospital No 18756 )

Fioure 20 Acute nenfatd visad hopatts  brruerne™ mpe Liver necle
bopsn o days after «net  f ullnc  Glandl ke arrangement of her o Ul
about U le cangliculs d tended with ble Vacuoles m vroplasm of Iner ¢ i
Beneath reculum fsng & M my of the hupffer cell_contam argentoplul ¢
eranales of hpofu cm (k) (Grdles rencul m stwn X 450 (Patel Che ¢
Insurute No  /56)
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Fiurr 31 Acure nonfatal wiral hepanins wuh pencholings (“obstruct se”
©pe) Liver needle biopsy o tc wech after onsee of illness Infilirates tn stroma
of partal camal (P) consist of manonuclear cells and mam polymorphoniclear
lenkocy tes Lxtensise deweneran e alteraons of iver cells and focal necroses
1 lobules. (X 400) (AFIP Accession s1300)
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Fietxe 13 Acute nonfaral siral hepauns,  bstrutne type 1 er ncedle
b pw g5 divs fier nser of illnew Dee nerar e chanees of Lver cells
foc | necewes (F\) n lotules  th nnler ¢3¢ neene of meonsauclear
e nd ol momhonuclear teuhx tes. (< 5000 (Fatel Chest Insurute
No gy/50)



Fiotre 20 Acute nonfaual viral hepitss  obstructne type 1ner necdle
biopsy 23 days afrer cnser of dlncss 1ransformation of many of the her
cell columns it glan lithe structures at ue the fumen of ditended bile
canlicult Droplets of Lile 1n ductules. (X jo0) (Irwin Hospral No 18/56)

Fieke 2t Acute nonfatal viral hejwn  «beructne tpe Iner needle
biopsy 20 davs after omset f dine  Clan ilike arrangement of lner cel
about bite cangliculs distened vith bile Vacuoles i cytephim of Iner cclls
Seneath reculum of s wusoids Alany of the Kupffer cells ¢ »ntain argentoplube
grandles of hpofusan (k) (Grdlev rerculum stain X 450) (Parel Olest

Insutute No 7/56)
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Fiovre 16 Acute nonfatal viral hepantis “obstructne  type Luer needle
biopsy 33 days after on ec of illncss Degeneratne alt ratons of hner cells
with disorgemization of cell ¢ fumns rerention £ dile m canaliculi e on
of glundl ke her ccll cords and collap e of strom with fical cond nsin n
of renculum fibers (Gridlcy reuculum stan X 450) (Patel Chest Institute
No 11/56)

Both the standard and obscructne  tvpes of viral hepatits have
various stages referred to as actne subsiding (receding or healing) or
peossting (subacute or chromic) In the subsiding phase of hoth o pes
degeneratine alteraion of Iner cells ceases and inflammatory infileration
decreases while regencrauon proceeds and domumares the field In the

obstructne type bile stasts or s effects mav persist for a longer time
but the final picture 15 one of complete restitution of the Iner cell columns
and restoration of the lobwular structure

In the persiting phase there 1s comparatnely lirtle derectable damage
to the Iner cells but focal accumulitsons of mononuclear cclly within the
lobules indicates continuing necrosis of Iiner cells and the portal mononu
clear mfilerares remain visible for quite some ome  Accomplished Iner celt
fcerosis 1 recogmzed by the presence of Lpofusan m hupffer cells and
the focal collapse of the reticutum tbers In addwon there e signs of
unrest of parenchymat elements 1n the form of differences in size shape
and staimmg reactions of Iner cells which oteen contam several nucler In

standard types occasonal radophilic bodies mav skl be seen and n
the obwtructne tvpe bile stasis althouch less marked wsually pert ts

Viead hepatits of obstructne as well as stindard tipe exhibies
degrees of sevenity 1n its vartous phises which correspond roughly with
smdar chrical clissifications The histologic tvpes and phases of viral
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Fretre 23 Acute ncnfatal siral hepatiis bstructine™ tpe Tner needle
bicp s 13 dags after en et £ allne s Colonies of Rogfier (k) cell contam
ing ms s f argent philic granuks of hpofusein Decencranve alerati ne of
hver cell and frequent triosf rmia n f Lyer cell ccJumns mto embry onal®
Lile ductgles (X oo} (Fatel Che t Insmear N 38/50)
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Fictke 35 Acute o nfaal viral heparn | trucese ©vpe Liver neelle

biospy 35 s after ¢n et Lxten ¢ di rganatcn of tle rah |

arrangement ty o tual my ¢ mude up

f regenerating I er cell cclumn
Tx 400 (Patc Chest In titwte N 53 50
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Rrsurts o1 Livir Funcnion Trsts oF Patiints ov Waost Liver Bropsy
Was PERFORMED

The results of Iner function tests are listed an Table 3 where they arc
compared with the hustologic tv pes and phases of viral hepatitis

The results of the few Iner function tests performed on pauents with
viral hepatiuis of several types and phases show that the highest values for
serum bilirubin thymol turbidity  floceul and serum phosph
were obtained during the persisung  phase of ane case of the obstruc
tne type The serum biirubin values were comparable in the standard
and obstructve types while thymol turbidity and flocculation were
shghtly greater 1n cases of the standard type a possible expression of
more extensive parenchy mtl damage  As expected the lowest valucs were
found in the subsiding phascs The present sertes 15 entirely too small for
the drawing of 4 relation berween the
results of liver function tests and the t pes and phases of hepatts but it
gues a general impression that some correlanon may ewst betwcen the
sevenity of the illness and the outcome of the tests

Taste 3

AVTRAGTS OF RTSULTS OF I1NTR FUNCTION TESTS
IN DITTRINT TYPLS AND PIIASES OF HEIATITIS

Hton Tope ™ Bilrulm ”
siclog Type No  —————————— 1 A
o Thise a/ of 40 Tivmel  pyoha
Hepauns Crses D I Tot T Ture Ha tase¥
Standard s 34 20 54 603 10 3+ Nor determ
Obstrune 15 35 19 34 634 7 % 3
Subsidin, * 8 1s 1. 27 i 6 O+ ot
Eu’smmz 1 _ 10 0 50 150 66 6 10 3+
Toral FA

FRA unts 7 standard cases lobstruct c¢ se  obstruct cease §standaed case

Virat HrepaTimis Avp Prrgyvancy

The susceptilnlity of pregnant women to viral hepatiis and the grave
danger to which tlus disease exposes expectant mothers hate been pointed
out m previous epidenmics 7 Accurare imformation on this point was not
avatlable for the Delhy outbreak but the few data we obtained from §
wumen in our series whose pregnancy was compheated by viral hepauts
are summanzed i Table ¢

Vel hepatins was of the obstructne oy pe wn these s cases The onls
babies who survined were delnered at full term before the chnseal onset
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Tantr 2

TYPLS PHASIS AND DECRILS OF SINIRITY OF LESIONS
IN VIRAL HIPAIITIS

Type
Stmint Olstructve

Degree of Sub- fernst Sub- Lersist

Se-erity A e stlme g Aarv stfmg ang Tout
Ml 4 4 0 0 0 o 8
Mod scvere 14 8 [} 28 7 4 61

ceere 1 0 [} 5 0 0 [
Taral 2* [ 0 1 0 0 3
Total 21 12 o 34 H 4 78

* Ty pe uncertam

hepanits encountered m the bopsies of the 78 cises are eaumerated m
Table

The degree of sevents of the infectton was established on the basis of
tho following changes i parcnchs mal eells (necross swellmg balloon
g vacuohmon namber of acidophihe bodies  evidence of regenera
tion) the amount of lipofuscin m Kupffer cells (g 4) (expressing the
degree of destruction of Iner cells) the amount of ile stasis n ile
canahcult (F1g, 19} rupture of canalicult and exudatton of hile into tissucs
as well as the presence of life parncles m Inver and Rupfler cells the
estent of intralobular mfilteates con posed of mononuclear cells and poly
morphonuclear lethocytes (Tig  3) and of portal maltraces which alo
n Tude cosinophils (Fig ) the number of ineralobular  foeal necroses
(g 3) dntortion of Iner cell columns collapse and condensation of
argeatophubic retrculum fibers (Ing,  6) general disturbance of the lobule
architecture (Fig  §) scarnng and state of preservauon of blood vessels
and bile ducts

Active cases of the obstructne  ty pe were most conumion ICmn e cases
of the standard variers were next m number The clinical data indicate
that the subsiding and penntent infection usurlly occurred m the rel
tisedy older age croup while the fara] fulmmatng variets was in s ounger
panents  Simce follow up obseryations are pracuctlly nonexistent nothmg
can be sad concermny, the torrl duranion or the outcome of the diserse i
most of the cases However the few repeat brapsies on seandrd as well
ason obstructne types ndwctte that heahng occurs in both
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veins the stroma of the portal areas contained an unusual and sigmficanthy
greater number of polymorphonuclear leukocytes in conjunction with
mononuclear cells Because of the resemblance of these features to those
of pericholangitis the disease n this outbreah was tentativels referred to
as the pencholangitic form of viral hepatitis Glandular transformation
of the bile canlicult was not ohsered 1 these cwes or 1n those of 4 series
desenbed by Call and Braunstein 7 1 wiich chimeal svmptoms of ale
duct obstruction were associated wieh histologic changes rather closely
resembling those observed in the Texas outbreah  An addional feature
nated by Gall ind Braunstemn was  pscudoductular budding 1n and about
the portal areas
Glandulzr  transformastion of the bile canalicult appears to be related
to stasts and retention of bile  The lustopathologic relationship of the
obstructine  type of hepattis to the  cholangiolitic type of Watson and
Hoffbauer 78 15 not clear  Glandular  bile ductules observed 1n cases of
neonatal jaundice of unknown ongin hme been thought to represent
embryonal bile ducts ¢ The transformation of hver cells mto ductlike
structures tn the neonata) disease 1 much more marked and generalized
than m viral hepanius of the obstructine tvpe
Such aty preal changes have so seldom been encountered 1 viral hepatinis
that their pathogenests 1s still 1 question  Are they due to 3 modibed
\ifus to conditions complicating the usual effect of the virus on the hver
tissue or to a modified host virus relationship> It has been suggested that
the nutritonal state of the host mas wfluence the effort of the virus and
thus that the widespread border Iine malnutrition in Indiz may be a factor
1n the production of ats prcal forms of the disease However the hepatins
in the Agra epidemnic was of the standird  tvpe and in the si1x years that
elapsed before the authreak of the Delhi epidenuc the state of nutnition of
the Indian population has improved A more tenable view 15 that differ
ences may exst bietween the viruses causi, epudenucs or sporadic cases
of hepatitis tn different pares of the world or even m the same localies
Proof of this mught be obtatned from immunologic studies sinular to those
used 1n distinguishing between the siruses of mfectious and homologous
serum hepatitis wheremn reaiprocal tests were conducted on human 1ol
unteers 3 45 T
As regards the obstructin e component the presence of poly morphonu
clear Yeuhocy tes m the stroma of the portal camab mav have the same
sipmuficance gs it does m pencholingitis 1n both conditions there 1 reten
tion of bile 1n tnfe canalicull especiatly 10 the centrolobular zone 1 both
the chimeal minifestanons of obstructive jrundice are promnent m the
ahsence of surgical obstruction of the bile passates. Since the manonu
clear infiltrates 1n the portal areas despiee thewr densiny apparemy do ot
cawse Ialury obstruction or bile retentton in the  standard  type the
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Taner 4
VIRAL IHPATITIS AND PRUGN ANCY
fgeof  Durwen fype Duram Fae
Yanent  of § regamcy o of Disease of
No o (yrs) (mms) Heprns {lys) Fetus Cornm ents
1 20 5 Obsteuctne® 3 Died No
undcnered  autopss
Mod severe Dormal 0
2 30 9 ol structine 9 faty* foll v up
Maod scvere Normal No
3 0 9 ol structive 14 batn follow up
Scvere Premature Autopsy
4 8 ot wructine 14 dhedt noroal
Suvese Premature o
5 28 7 obstructive 15 diedtt autopsy

Faral case of mother
D Tsered § dass prior to bopsy
O tvarad €5 dav prior to Uy psy
11 d 4 davsafeer delivery
11 Dicd 3 davs afser dehsery

of hepautss and accordmg to hospieal records thes were normal At
tatopsy of one of the prenmture bitnes {(No g of Table 3) who died 4
davs after delnery no siumficant pathologic chinges were seen i the
Iner A fetus of ¢ months gestaton died undelnered s# utero whea
hepatiers was fatal to the mother the 7 month by who dred 3 davs after
birth had no chinreal evidence of jaundice and autopsy was not performed

InTereRITATION OF TUr Hntor stuorocte Fraturres i I ner NFepLP
Brorsits Durine e Wi Lomstie oF \ ran Heearms

Far 2 satsfactory wse sment of the stcmficance of the an preal hestologie
features 10 many of the cases of the Dell epudennc the 11 pe of viral hepa
utrs usually encountered i India should be Inown  The onlv svaihible
farmation on ths pont was gathered m the epidenic of viral hepatitss
m Agra 10 1955 According to Wahi  the lustopathologic findings m
Inopsies performed during this epidernic were convistent with those here
referred to as standird Mo hntopatholoare studies were carried out
during the autbreal of viral hepants n Celon, whtch invohied arm
personncl m World War 11 3

Histopathologic features somew hat simifar to those that characrerrzed
¢he disease 10 the magonts of cises of the Delhu eprdennc had presioushy
been reported m a group of pauents from Broole Army Hosprtal S
Antonio Texas US A Bile retention even in the eatly stages of hepa
aus was partscularhy prominent m the bile canalicult about the efferent
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currhosisor gunt cell transformation of hyer cells has not been presented
Progression from chmcal manifestations and pathologic alterations
characteristic of viral hepautis to eirrhosts of either the portal or the post
necrotic variety has not been obseryed 1 the wake of the Delhu eprdentc
In several mstances postnecrotic s¢arning has been demonstrated In a few
cases of both types in which lner funcrion tests imdicated climcal recov
ery repeat biopsies have shown that the parenchyma was reganing it
normal appearance cven after extensie damage In two cases of the
obstructive 1y pe biopsies performed 60 and 180 days after onset demon
strated persistent viral hepatiis  Further follow up information when
avallable may reveal other sequelae of viral hepatiuis as seen m this
eptdemic

SUMAIARY

Durmg the Delli eprderme needle biopsy of hiver confirmed the clinical
dugnoss 1n 78 of go patients

Forny five Liopstes presented an unusual vanety of viral hepatitis to
which the term  obstructise type was applied Thirey three exhubired
those lesions accepted as the usual or standard type The s verl stages
of the disease were represented 1n both types

The obstructise  type of viral hepatins has hitherto rarchy been ob
served It 1s characterized by a peculiar transformation of bile capiflaries
wto glandlihe structures or embryonal bile ductules compo ed of
radually arranged I er cells around the lumen of a bile canalculus which
15 distended with tale  Poly morphonuclear leuhocy tes are promment m
the portal nfilerates

Whit cruses the lustologic appearance of the obstrucme npe to
deviate from the standard 15 not known but the tho ty pes mas be seen
1n the syme eprdenic as 1n Delin

Of five needle biopsies ot hver from pregnant women with viral hepa
tts all exlbited changes of the obstructne tipe Three premature
1nfants born of mothers with viral hepatius died autopsy performed on
only one showed no evidence of hepanus

Climicalls viral hepants of the  obstructive  tvpe does not differ from
that of the standard ts pe All stages from muld nonfael to tulmmant
were observed m both tyvpes during the Delht eprdemue Three panents
died of acute vellow atrophy  In the majoriey of the remaming patients
fecavery proceeded smoothh with restoration of normal hyer function

RITIRENCES

t Akt B R anl Sen Gupra kP feral and neonatal hepious. Indian
FMSe v g g
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assoctation of pols morphontclear leukoes tes wath Iile stasis may be sie
ntheant Atany rate the same factors that are at work in producing intra
hepatic biliary obstruction m sumple pericholangttis are presumably actine
m tlus aty prcal hepanies

It 1> interesting to speculire why stmlar values of bilirubim were fouad
in standard and obstructine emes In the former in which histalozic
curdence of obstruction of hilinry passages or bile retention 1s haching the
more extensine celtular damage mny pernnt rupture of the bile canaheult
and escape of bile meo the v mphaties and sinwsords The vers fact that in
the obstructine tvpe the clindihe canaliculi become distended with
bile but still do not rupture indicates that the caprllary bibary passages
maintain a certamn meerniey  this 1s corroborated by histologic esidence
thae the parenchymial cells are Jess severels damased n this vamant of
hepattts

Since actual obstruction of the Tummna of bile ducts has not been ob
served 1t 1s probable that the free flow of tle 1s mmpeded by an over all
reduction of the capacity of the bihary passages withm Ghsson's capsule
by ederm and by the acute inflammatony reactton W hether this reacnion
1s caused by an aty pical virus or other camplicating nucroorganisms 1s not
fnown Iaboratory studies conducted on the group of cases m the Texas
epiderme * have not as v et produced results that would explun this paat

W\ hatever causes the difference between them both tvpes of hepattss
evennualhy subside While the presence of both ty pes side by side m the
same epudennc cannot be evplaned 1t does provide a problem mn geo-
graphic pathology

‘The greater graviey of viral hepatis duning pregnancs has been ob
served in previous epdemics the Delhy epidemic was no exceprion and
crrcumstinces justihed the dotribution of the himited supply of gamma
globulin'  ® 7 1o presnant women  Stinistreal evalustion of the prophy
licnic results of ths medicanion 1 not vet available

In a few mstances the virus caustng hepatios m the mother has appar
enthy been transmitred to the fetus ™ VW hether this has ever caused un
equiocal viral hepanas of the fetus 1 utere or onls siremia will remun
controy ersal until the hitopathologic critrena of viral hepatits in the fetus
can be established The mamy possible causes for neonatal jaundice must
be thoroughly explared betore viral hepatitis can be held responsible for
the entire gamut of neonatal and postnatal hepatic disease  The assumprion
¢hat viral hepantis causes infannle crechosis! 8 15 rather nadequarely
supported by chinical and pathologte diwa®? This apples also to  fetal
s1eal hepanitis 25 a cruse of neomatal transformation of hver cells mto gune
cells 34 7 Although the possible influence of viral infection on the ferus
11 utero should not be ignored srefurable proof of a defimte relition
berween transmisston of the virus /1 tzrero *7 and feral hepatins anfanule
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Pathologic Aspects of the Late
Stages of Viral Hepatitis

ARCHIE H BAGGINSTOSS, MD
(Rochester \linnesota)

This report 1s cancerned primanily with instances of viral hepatus
which hepatic damage was nesther so mid that complete restoration of the
hepanc parenchyma took plice nor so severe that a rapidhy fatal outcome
resulted It 15 concerned then with patients who lived long enough for
some degree of hepatic regeneration to occur but in whom the mjury was
so severe or so often repeated that anatomuc restoration of a normal hver
could not take plice

No investigator can be certam n a study of this lind that a virus was
the etiologic factor in every case since methods for proving the presence
of the virus are not avalable For purposes of this report only those cases
were used i which the clinscal data strongly suggested that viral hepatitis
had been present o case was included in which there had been a history
of operation on the biliary ducts evposure to hepatotouc chenncals car
duc falure thy rorovicoss hemohtic anemia aleoholism or other com
plicatng conditions  Information at nccropsy a2utomancally  excluded
those cases tn which extrahepatic obstructne jaundice was present The
majority of the patients included 1n this study had an 1llness characterized
by the onset of jaundice assuciated with anorexia nausea and 1lt defined
abdominal distress Thus piper does not deal with any single series of
cases but presents some previoush publshed data as well as more recent
observations based on vari»us maternl studied by my assoctates and me
the Secuion of Pathologic Anatomy at the \layo Chme

Gearrar Heeatic Cuanges 1N Virar HepaTiTis
The variety of lesions that one m1y observe m the intermediate zone ot
hepatic damage by viral hepatits 15 truly amszing At one end of the
spectrum 15 the alrost total destruction of hepatic parenchyma with
mimmal regeneration so well described by Lucl et Lucl ¢ and Mallory 2
and Werthemann # At the other end 15 almost total parenchy mal restora
tion by nodular regeneration Because of the remarhable regeneratne
power of the lner any leston produced durng viral infection s never
u3
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{Figure sc) We are dealing then wich the three proces es tundamental ta
the defirution of creechosts it 15 an contention that of the hepatic damage
were somewhat less and the ume of survnal somewhat Jonger the re
generatton would be more extensne and nodular and a hepatic lesion
would evohe that any one would designate as circhoss 3 ™16

The hustoloie aspects of these hepatic lestons will not be constdered
further at this ume since they have been sdequatel described th
others?  Thts much has been mentioned here tn order to emphasize that
when we deal with the pathologic anaromy of the Iate stages of viral
bepatitis we are Jed inevorably to the problem of poschepatittic cirrhosss

Geveral Asprers of Postueramimic Ciriosts

Gne cannot draw a sharp Iine of distinction bet seen the les ons just dis-
cussed (subchrome atrophs subacute diffuse necrosis or postacerone
scarring) and so called posthepatitic cicrhosis Some of the former lestons
merge almost impercepnbly 1nto the bitter condition For the purposes of
this study however posthepatitic cirrhosis mcludes only those cases m
which regeneratton was predommantly nodular that 1s the regenerative
process did not produce lobules with normal vascalar relanonships but
nodules without ventral vens or with veins that were extremely ec
centnic ¢

The question as to the frequency with which arrhosis develops after
single or repeated attacks of viral hepattss neser has been answ ered s
faceonks Studtes by Zieve and co worhers !9 suggested thar the true i
cidence of eirrhosis following acute mfectious hepatitis may be cons: der
ably Jess than was considered heretofore However the possibiicy thar
wiral hepatits may be more smpostant as a cause of crrhosss than has been
realized previoush was sugpested by Real Facinas 7 who revieved all
the cases of cirrhosis observed at necropsy for a to-yvear period at the
Mayo Chmc He found that 37 of 157 cases { 4 per cent) could be
chissified a5 posthepanuic 1 ongin on the basis of the ustors and the
rathologic examimition Another possible clue to the importance of hepa
s 3> a factor in crrrhosss was noted by Crasg ard associates 1% who found
that 30 of 37 cases (51 pet cent) of arrhosis in children exclusrie of ob
structine cirthosis were associated with hepattis Ruggien ™ revteved
the cases of juvemle cirhosis exclusne of obstructive bilary crrrhoss
seen at the clinie and noted that 16 of 27 patients {5y per cent) had hw
tones of a disease process with clincal manifestations of viral hepatwas as
a precursor of the crrchows Albsa the cliucal tustones n the remaining
11 cases did not exclude preceding hepatms but merely did not contan
suffictent data to yustify such 2 diagnosts In all but one of these cases of
yavenile cirthowss the Iner had the gross and hutologic appearance of
POSIECTONC or tovie wrrhosis — cerms that sigmfy a morphalogic © pe
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static but immediately 15 subject to altertion by parenchy mal regenera
tion 1t 1s the mimifestations of the vantions m extene dutribution and 1n
tensity of thes regenerative power thar are largely responsible for the
vanety of lesions encountered The greatest degree of destruction often
occurs nenr the hlus nd extends out toward the penphery 10 a fan shaped
manner with regencration most pronuncnt at the edges of both Jobes
{Tigure 11) In other cases regeneriion s practieally absent in the left
Jobe and diffusehy distributed throughout the remainder or 1 locahized to
a portion of the hver (Fiyure 1h)

In all these cases destruction of the parenchy ma is the outstanding fea
ture and these lesions commonly are called subchrome atrophy  post
necrotic collapse or postnecrotic scarnng, of the ver* * In addition to
parenchy mal destructton howeser histologic examination gives evidence
of patenchy mal regeneration of vanable degree and 2 relatine werease 1n
connectine tissie alberr the latter conswsts largely of collapsed strom

IR
e
AP £ TR
R

Ficurs 1 Subchromic atropby of the hver n viral hepanns @ Note zone of
atrophy excending out from hilus with regeneration a periphery (weight

Note atrophy of lefr lobe  1th regenerstion 1 mght and
o diate Tobes (weight 1387 gm ) Larly regencration Note ho v cont cucus
Bortions of lobules hae survined to fo m unusu 1 paccerns (Hematosskin and

eosin X 17)
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Fiouee 3 Posthepatme cuthosis nodular fpe @ Note com; ression of 1eins
b Note dstortion of vem by repeneratne nolul s ¢ Ncte cempressin of
vens by regeneratne nodute  (Ilawn H Van Gies n X 6)

nodules w ere not so large and were distributed more diffusels throughout
the Iner (Figure 3) Although the nodules were separated by zones of
2wrophy these were not ay broad and extensne as were those mn the lobar
group The diameter of the nodules vared from s mm to  cm or more
They werc generalls vellow or green and the inter crng atrophic zones
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of cirrhosis which 1s the commonest sanets ciused by viral hepatins
Also suggestive of the smportance of hepattis was a recent suney by
Stuhler and assocntes ® of all the cases of cirthoss 1n women exclusne
of abstructiie biliry cirrhosis seen at the clinte Thes studied necropsy
dara 1n go c1ses encountered over a period of 31 years This group m
cluded 75 cases (83 per cent) classified as postneerotic cirrhosss and only
t5 (1, per cent) cJssified 15 Laennees arrthoss There was 1 histary of
hepatitts 1n 39 of the 75 cases (5 per cent) of postnecrotic cirrhosts

Cross \1iFaraNcs v Postin i amimic. Cirruosts

On the bsts of macroscopic appearince Stauffer and 1 ¢ chissified our
cases of posthepatitic cirrhosis nto three groups  lobar nodular and
granular

In the lobar group the nodules of recencration were extremel large
the normal contour of the hver was destroved by the huge nolated
nodules some of which were the size of hepatie lobes (Figare ) These
large regencrate nadules ar labes were separated from each other by
deep mdentations or by broad zones of atrophy  Thev were locited
usuallv 1t the periphery of the nicht or left lobes or were lianted almost
entirels to the nght lobe The lners 1n this group were reduced greathy
m swve and weighe

In the second group which included most of the cases the regenerative

Fowse  Posthepatuic crerhosis lobar type Note awrophy of Iefe lobe
(resght 710 gm )
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were wider than normal and centamed increased numbers of 1y mphocy tes
phagocstes bile ducts and connectine tissue fibers The regions around
the central veins often showed evidence of passne congestion and
atrophy In other nstances however the portal tracts 1ppeared extremely
small with diminuen e blood vessels and tiny bile ducts surrounded by an
exceedingly scanes fibrous stroma as pomnted out by Smetana  Also
these hepatic Jobules frequently appeired to be much larger than normal
with wade stretches of hepatic parenchyma scparating the afferent and
efferent vessels It 1s difficult to deternune w hether these changes are the
result of reorganization and reorientation of regenerated hepatic tissue
after necrosis and destruction of large portions of hepatic parenchyma
or whether these are 1slands of hepatic parenchy ma that have survined the
ongmal mjury and hnve undergone intralobular regeneration2* ¢ Both
& pes of regencration undoubtedly occur

In other large nodules however the arclutectural pattern was alto
gether different in that the nodule was made up of composite groups of
hepatic cells m which the normal relitonstup between portal teacts and
central veins was lose {igure sb) In these groups of proliferating cells
the central vein often could not be located or 1f found was eccentric and
m close prounury to the portal tracts These groups of regencrating
hepanic cells which when found in large agaregates made up some of the
large nodules of the lobar and nodular groups of Iivers also were ob
served as small solitany collections n the granular linvers (Figure sc) Be
cause they faik to restore the normal architectural pattern they no longer
can be designated as lobules but perhaps are better designated as re
generatn e nodules

Depending on the extent of the destructine process the location and
number of surviving groups of cells and the vigor of the regeneratne
phase there 1s generally great vamnon 1n the size of the regeneratne
nodules As already indicated some of them probably contamn whole
groups or remnants of former lobules If sufficient time has elapsed afrer
the mjury thev are generally oval or spherrcal but depending on the
location of the destructine process within the Jobule and s relation to
necrosis of celis in neighboring lobules the regenerative process may lead
to the development of garlind shaped or other bizarre forms ! (Iigure

The regeneratne nodules in many of the livers were not completely
formed and from evidence of cellular regeneration appeared to be ac
tively enlarming Indiidoal hepauc cells were frequently multinucleated
and often they were unusually large and contamed bizarre hyperchro
matic and giant nuclet The cellular proliferanon produced laminte that
were two celly or more tn thickness  and was accompared by the
production of 2 new renculum and sinusordal framew ork that did not have
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were usmally red or grav The regencratne nodules m both this and the
former group revealed mam instances of gross distortion of the hepatc
and porttl veins by small and large nodules (Figure 3) The venous dis
tortion was most severe 1n those cases 1n which the regencratne nodules
were most numerous and close together Thus venous dntarnion was
greatest when regenerative activity had been most vigorous Thesc Iners
also were reduced greatls in size and weaight

In the third group of cases the Iners were finely nodular or granular
The regenerative nodules 1n these cases were small the greatest diameter
was generadlh o 5 em or les The nodules in some cases were separated
widely by broad atraphic zones and n others were close to one another
with correspondingly narrow atrophic zones (Iicure 4)

Tk 4 P sthepaune cirthosis pranlar type

Historocic Appraraner N Postnreatitic Cirriosts

Lobar an1 Nodulir Types Sections taken from the regions of nodulir
regeneranon yaned considerably in archirectural parrern and in the rel1
nion of the afferent and efferent veins to the hepanc parenchyma In sec
nons taken from some of the large nodules of regeneration observed in
the lobar and nodular types the lobular patrern often was partally pre
served insofar as the relitionstup of the central <ems nd portal ericts to
each other and the hepatic parenchy ma was concerned (Figure 5a) These
large nodules contauned many central vemns and portal trices indicating
that they were multilobular 1 ongin The portal tracts in some mstances
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the usual onentation to the central vein The old frameworl of sinusords
and rettculn fibers had collapsed and was shoved penpherally by the new
centrifugal growth of hepatic cells

By a process of condensation the old frameworh became scar tissue
According to this concept the fibrous tissue in cirrhosis represents to a
large extent the accumulated sheletons of previously destroyed lobules
that have been pushed aside by the wigorous regencration of hepatic
cells Because of the eccentricity of the posiion and proliferation of these
hepatic cells the central vetn comes in time to occupy a position toward
the periphery of this new nodule or pseudolobule

Granular Type Tn about half of the granular Livers the regencratne
nodules appeared to have achieved as nearly complete development as
possible within the bounds of the surrounding collapsed stroma (Tigure
6a) A certain balance apparently had been achuesed between the dy namic
expanding growth of the nodule and the passive yielding but ulumately
compressed stroma that represented the collapsed framework ducts and
vessels of previously destroy ed lobules or portions of lobules According
to Nunes 2° the restoratton of the miting membrane between the nodule
and the compressed stroma 1s of great importance in determining whether
the continuity of the cholangtoles wath the interlobular ducts 1s restored
Consequently the restoration of the hmiting membrane 15 of considerable
significance 1n determining whether yaundice occurs at this stage The
gross and histologic features 1n these granular lners were adentical with
those obseried i so called alcoholic or Laennecs cirrhosis

In the remaning livers of the granular group the hepatitis was sull
actiee with continumng destruction of hepatic cells and relatvely broad
zones of atrophy between tmy and 1y developed r ¢
nodules (Figure 6b) Inflammation of vemns was generally present whereas
mfiltration with far was nuld or absent Consequently although these
liers were grossly granulac they did not present the histologic char
actenistics of alcoholic cirrhosis Transitions of hepautis to a type of
cirrhosss simulating primary biliary oirrhosis2? (Hanots cirrhosss) or
cholangiolirc cirrhosis 1 also have been described but were not appirent
mn this material A study of the cases of prunary biliary Grrhosts scen at
the clinic 1s now 1 progress

The present report hikewise contams no observations on the so called
chronic hepatius syndrome Studies at the Armed Iorces Institute of
Pathelogy with many seral obseryations res eal that the basic pathologic
changes n this syndrome 1re essentially 1dentreal to those i acute non
fatal hepatitis except that they are more focal and less extensine

Changes m Stromn The atrophic mternodular regions presented a varnble



‘”l"""?
Te, 300
X

4

i
[LL W

Ficurg § Posthepannic cirrhosts @ Section of 2 lirge nodule Note that the
selsmonship berscen the portal vein and the central vem 15 normal m many
Iobules Also note evidence of pasane congeston (Hematowyhn and cosin
X 13) b Scction from a large fodule in whch sime regeneranve podul s
1o Jonger have central vens (Elatn H Van Gics n X 23 ) ¢ Granulas t pe
Note compression of vem by nedules (Hematoxyhin and eon X 54

Regenerstrse nodules of unu ual shape (Hematoxylin and cosn X 15
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the usuzl orientation to the central ver The old framew ork of sinusords
and retrculin fibers had collapsed and was shoved peripherally by the new
centnfugal grow th of hepatie cells

By a process of condensation the old framework became scar tissue
According to this concept the hbrous nissue in cirrhosis represents to a
large extent the accumulated sheletons of previoush destroved lobules
that have been pushed aside by the vigorous regeneration of hepatie
cells Because of the eecentricity of the position and proliferation of these
hepatie cells the central vem comes 1 ime to occupy a posion toward
the peniphers of this new nedule or pseudolobule

Granulzr Type In about half of the granular Incrs the rugeneratne
nodules appeared to have achiered as nearly complete development as
posstble within the bounds of the surrounding collapsed stroma (Figure
6a) A certan balance apparently had been achiered betw een the dy name
etpanding growth of the nodule and the passive 3sclding but ulumarehy
p d stroma that rep d the collapsed framework ducts and

vessels of presiousty destros ed lobules or portions of lobales According
to Nunes 20 the restoration of the limrting membrane betw cen the nodule
and the compressed stroma 1s of great tmportance. i determuning whether
the continuity of the cholangioles with the 1nterlobular ducts 1s restored
Consequently the restoration of the hmiting membrane 1s of considerable
sigmificance 1n determmimng whether jaundice occurs at this stage The
gross and huistologic features m these granular Invers were denucal with
those observed in so-called alcoholic or Lacnnecs cirrhosis

In the remaining hivers of the granular group the hepanins was sull
acuse wath continumy, destruction of hepatic cells and relatively broad
zones of atrophv between uny and letelv dexcloped e
noedules (Figure 6b) Infl of vems was g Ily present whereas
wfiltration with fat was mild or absent Consequently  althouch these
lners were grosshy granular they did not present the histologic char
actenstcs of alcohohe cirrhoss Transitions of hepatits to 2 tipe of
arrhosis simulatng poman bibary crrrhosts 7 (Hanots cirthosis) or
¢holangiolinie exrrhosis 11 also have been deseribed but were not apparent
n thiy material A study of the cases of primary bilary cirrhosss seen at
the clinse 15 now progress

The present report hewse contarns no obserations on the so calted
chronic hepatitis syndrome Studics ar the Armed Forces Institute of
Pathology wich many senal observations reyeal that the basic patbolo e
changes mn this sy ndrome are essennalls wdentical to those tn acute non
fatal hepatiss except that they are more focal and less exeense

Changes m Strons The atrophic mternodular regions presented a 1anable
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Tigtre 6 Posthepatine cirrhosis granuhr e« RL;zcncra(nc nodules are
small and well Temrcated with 1are w ameer1 dular «¢nes as n Lacnnecs
cierhosis & Regen ratne n fules are we my letels de cloped with hepatis
sull actrve and broad intesnodular zones «f atr phy (Both hemae vy lin and
cosin X 65 )

histologic appearance depending to a large extent on the lipse of time since
the acute attack In dneuwsc of relwnely short durition sccttons of the
nternodular zones revealed lirge numbers of bile ducts and ductules
Iy mphocy tes and plasma cells and smaller numbers of poh morphonuclear
cells m addition to vesscls Branches of the portal or hepine veins often
rerealed evidence of muld inflammation as idicated by the presence of



Patlologic Aspects of tle Late Stages of ¥ iral Hepustss 123

Iymphocy tes 1 thers wall Vost of the connective tissue n these atrophic
smternodular zones conssted of the remnants of the collapsed renculum of
previously destroyed lobules Tonmation of new connecuse tissue as m
dicated by the presence of fibroblasts and collagenous fibnls appeared to
be mumumal in maost of these Iners In disease of longer duration there was
evidence of compression of the internodular stroma by the arowth of the
regenerative nodules and transformanon of some reticulin fibers mnto
thicker collagenous fibrils appeared to have taken place

The nternodular connectine tissue and exudate often appeared to ex
tend into the regeneratne nodules a picture that often has been 1t r
preted 2s imasion of the parenchyma It 1s my opmion that such miasion
of regenerated parenchy ma docs not occur rather the appearance of con
nective tissue septa alwavs 1 preceded by destrucnon of hepauce cells
with collzpse of supporting stroma and secondary cvudate reactions

Chnges m Blood Vessels Of particultr intercst i this dy namie process of
destruction and repair 1 the fate of the pre exssting vessels Attention al
ready has been called to the gross distoruon of the portal and hepatic
venous radicles produced by the nodules of regeneration The same
Process can be demonstrated histologically (See Figures 3¢ and 5¢) In
order to studv this process in greater detar] Keln and co workers * made
a glass plate reconstruction of sertal sections taken from a liver that was
the site of postnecrotic cirrhosts From this glass plate reconstruction 1t
was possible to make 1 wax model th t clearly demonstrated the compres
sion and distortion of radicles of the hepatic veins and related the com
Presston not to fibrous connectne tissue but to growth of the regenera
the nodele This work has been confirmed by Popper and associites ®
Another methad namely the vascular tjection of vinv1 acetate and sub
sequent corrosion of the ijected specimen was wsed at the clinie by
Mann and co workers # and 1t also iliustrared the distortion of the vascu
lar bed by the regencrative nodules The expanding growth of the re
generatine nodule compresses the surrounding vessels mrto a bashetihe
network It was not possible by this method to demonstrate shunts be
tueen radicles of the hepatic artery and ven Howeser shunts between
the portal vein and the hepitic veins were relamely easy to demonstrare
and emphaszed the fact thar the regenerate nodules are av a defimte
circulators disadvantage with regard to perfusion by portal blood This
M1y be 2 partial explanation of the frequently seen sschemic necrosis in
regeneratine nodules The imperfect blood supply of the regeneramve
nodule also may explain 1 part the progressit e nature of cirrhosis and the
functional falure that occastonally dervelops long after the viral infection
sself has disappeared

The lesions of postnecrotic or multlobular cirrhosis provided 1deal ma
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teral for the demonstration chat distortion of vessels unquestionabh oc

curs 1n this vaniens of cirthoss (See Tigures 3 and ) The principle
Mustrared by this phenomenon has a much broader application however
Our obsenations suggested that che same distorton which we demon

strared in vessels large enouch vo follow 1n serial section reconstructions
and m vascular myection and carrosion methods also occurs 1n each timy
central vein 1 alcoholie airthosis It 1s probable from the hemods namic
pont of view that the compression of the sinusorda) bed and the distor
ton of the mynads of centril veins which oceur when regenerame
nodules replace destroy ed lobules are of much greater importance in the
pathogenesss of portal s pertension than is the distortion of larger vessels
This destruction and distortion of che vascular tree at the very termm

tron and at the very beginning of the hepatic portal and hepatic venous
systems respecsnely are of greater stgndficance 1n the development of
portal hy pertension In our experience the anatonuce basis for mterference
with the portal airculation does not e n amv constricting effect of
connectine trsue or 1o the production of arterios enous shunts but in the
tremendous destruction of the onmnal capillary bed and m the sesere
distoruon of vessels and yvascular relittonships brought about by the re

gencratne noduley which 5 2 mantfestaton of the great regencrame
powers of the ner According to this concept growth of the regeneratne
nadule distorts the course of the central vein and compresses the collapsed
stusoidal bed  contnbuting to the obstruction to portal flow

Errrcrs of Crreiiosis on Hrramic Iy vipnatic VEssrLs

In addion o studving the cffects of posthepatiic crrrhoses on the
capillary and venous bed and its relation ta porral hypertension m a5
sociates and [ 1bo have been concerned with the effects of cirthasis on
the Ivmphatic vessels parnicularly 1n relation 1o the presence or absence
of ascites It 1 notoroush difficult to studs or even locare the hmphavc
vessels 1 etther noroul or dseased lners It bty been shawn howeser
that the deep Iy mphatic sessels of the hver follow the course of the portat
veins and bile ducts and drun toward the lilus of che ver 33% and 1t 1s
constdered generally thar the predommant flow of hymph from the hser
1s mn thus direcnion

Consequentls Cun and 1™ considered that study of the hmphatics
at the lulus of the hner might give some information regarding disturb
ances of flow of hmph within this organ 1V e were wterested especially
n the number size and appeararce of the hvmphatic vessels in vanous
pathologic states particularhy those 1n which ascites 1s an associted fea
ware The spectmens were obtamed ar necropsy as soon as possible after
death Long blided clamps were placed across the hepatoduodenal hga
ment at two locations one as close as possibile 1o the duodenum and the
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other as close as possible to the hilus of the Iner This trapped Iy mph n
the vessels The higament then was cut bey ond the clamps and the spect
men with the clamps was immersed 1n formalin for fivazion Later sections
were cutand stamed w1th hemttoxy Iin and eosin and by the elasun H Van
Gieson method Onlv sections that included the hepatic artery portal
vem and bile duct were studred

In order to obtarn an 1dea as to the varianions to be expected i number
and size of Ivmphatic vessels spectmens were studied mn 100 consecutive
routne necropsies 1n W hich aseites was absent The number of Iy mphatic
vessels at the hilus 1n this senies varied from 6 to 87 with a mean of 33

hus 10 a seres such as this 1 wiich pracucally all patents have had
diseases of var ing tv pes and durations 12 15 difficult to come to any con
clusion as to the normal number and appearance of the Iy mphatic vessels

A farly good 1des of the normal perhaps can be obtaned from ob-
seriations 1n two cases 1n which death occurred acaidentally and i which
disease processes were not obsersed duning Life or at necropsy A 33 vear
old man died of cerebral hemorrhage shorthy after a blow on the head
during a fight and a 54 vear old woman drowned The ly mphatic vessels
10 borh cases w ere small and numbered 19 and 33 respectnvels (Figure 7a)
It 15 anteresting to compare these with obvioush abnormal lymphane
vessels in 2 case of subacute viral hepatitis 75 lymphatic vessels were
present and they were remarhably dilated contmmng large numbers of
inflammatory cells m the lumina (Figure 7b)

We studied the Iy mphatic vessels 1n g cases of posthepatitic cirrhosis
with ascites The mean number of h mphatic 1essels was 59 The hm
phatic vessels in a case of posthepatttic cirrhosts are illustrated i Figare
+¢ Dilatanion and hy pertrophy of the walls of the h mphatic vessels are
apparent The findings were essenttally stmular 1n aleoholic urrhosis with
ascites In 1o cases of cirrhosts without ascites however the hvmphatic
vessels also were greatly increased an number and possessed thickened
walls

The significance of these observations s not yet clear and the studies
are bemng extended However 1t appears that the 1y mphatic vessels drain
mng the I er are greatly increased 1n size and number 1n both viral hepatius
and citrhosts and the merease 1n the latter probably occurs before ascites
appears The addiional vessels probably represent the opening up of
Potential channels that were not seen 1n the control sections at the magnt
fication used Their presence probably reflects a great increase mn the
formanion of hepatic Iy mph in these condinons thus corroborating exper
mental studies on hepatic Iy mph n mjury and arrhosts of the Iner n
2mmals? The mcreased Iy mphatic dranage in viral hepatiis probably
results from destruction of tissue and sinusoidal damage venous stasts
and portal hypertension % probably also play a part m posthepatiic
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Foure 7 @ The lymphauc ves els numberng 9 are small i the hepato
duodend] ligament m & 33 year ol man b del fa head mury b The
fymphatic vessel numl enng 75 are dil ¢ d n the Lepatofu d n 1 ligamenc
e € subacute viral hepwtt witl a we  The hmplate yessels
o mbemng 6 are dilated 1 the hepat duod nal ligament m a casc of post
hepatime cirthoss with sseites (AIl hematoxy lin and cosn X 3
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curhosis It may be that thicl ening of the walls 1s simply 2 response to
creases 1n flow and pressure within the Iy mphatc channels over a Jong
pertod which 1s a phenomenon analogous to the hy pertrophy of arteral
walls that occurs 1n artersal hy pertension

SusvARy asp ConcLusions

Varal hepatiis occastomlly may damage the lner to such an extent
thar complete restoration of the pre ewisting structure 15 not possible
When death does not occur duning the acute phase varable amounts of
parenchvmal regeneration tahe place When the remmnts of vible
hepatic parenchy ma are of varble size and haphazard distnbution the
regenenative process leads to the development of nodules of vanable size
shape and location (mulnlobular postnecrotic tovic cirrhosis) W hen the
damage 15 more diffuse but does not completely destroy entire lobules
over large regions the regeneration hhewise 1s more diffuse and leads to
the devel of smaller r ve nodules Dependsng on the degree
of destruction and the vigor of regeneranion these small nodules may be
separated by broad or narrow bands of atrophy and fibrosis VWhen the
regenerativ e nodules are small and the bands of internodular atrophy and
fibrosss are narrow the gross and histologte structure resembles that of
alcoholie or Laennecs, cirrhosis

Because regeneration under these condtions 15 nodulr rather than
wntralobular the normal vascular arrangement 15 altered profoundiy with
severe compression and distortion of the small veins and the capillary
bed This Jeads to interference with both portal and hepatic venous flow
which probably 15 an important factor in the development of portal
by perteasion The development of tntrahepatie shunts between the portal
vem and the hepatic veins places the regenerative nodule 1n a precarious
position with regard to adequate circulation This mav be a factor in the
relatvely common finding of ischemic necrosis in these nodules and may
contribute to the progression of the cirrhosss 1n the absence of further
viral infection

Both viral hepatins and posthepantic cirrhosis are associated with a
Pronounced increase in the size and number of lymphatic vessels druming
the Iner In cirrhosis this increase apparently occurs before ascites 2p
pears Destruction of tissue and capillary damage i viral heparius are
probably responsible for increased formation of lmph whereas venous
stasis and portal hs pertension probably are additional factors of impor
tance i posthepatitse cirrhosis
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Currhosis in Young Femnales  Its Possible
Relation to Infectious Hepatitis

H G RUNKREL MD and A G BEARN
(New York New York)

The etiological factors mvoled m airrhosis of the liver 1n \ oung adults
represent one of the most perplexing problems n the field of hepanc
disease The virus of infectious hepatitis 15 certanly the responsible agent
1 some cases and perhaps also 1n the great majonity However the hcl
of speaific tests for this disease has made 1t smpossible to clearly impltcate
such an agent in many indsiduals

Duning the past 10 years we have observed 37 patients with nonalcohohe
cirrhowss of the liver betw een the ages of 10 and 30 In a large proportion
of this group the causative agents could not be determined A breakdown
of these patients mdicated that  were finally found to have VWilsons
disease 3 Chizns syndrome 6 arrhosis after clear attacks of nfectious
hepatitis 7 carrhosis after possible hepatitis and 19 cirrhosis of unl nown
etiology Thus approumatelv one half of the pattents i this age group
had a cirrhosts of obscure etiofogy

A speenal study of these 19 patients rexcaled that they possessed a num
ber of unusual features n common  Sixteen of the 19 patients or 84 per
cent were females Figure 1 1llustrates 3 of these patients at an early stage
of the disease The onset of the illness was wsmally msidous and the
average age was 15 Delaved memstruation or amenorrhe1 was one of the
carhiest complaines 1n the majority of these patents Acne of the face
neck and shoulders striae and obesity were often observed Arthntis
ranging from mild reddentng and swelling of interphalangeal yoints to a
crippling discase mvolving all extremities was found m approvimatels
one third of the group

I aboratory 1nvestigation revealed unusually high total protewn levels
m the serum with ¢ of the patients showing levels above ¢ s gm per cent
at some stage of therr illness Electrophorenc analyses showed thar this
merease was almost entirely due to elesatton of the gamma globulin frac
tion Figure 2 shows the evtreme abnormabin found 1n one case where
the total protemn was 11 gm per cent (middle patient depicted 1n Frgure
1} This pattern taken early n the disease 1 many wayvs resembles that

131
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Relation vo Infectious Hepatitis

H G RUNKREL MD and A G BEARN
(New Yorl New York)

The etological factors imvolied m airrhosis of the finer 1 3 oung zdults
represent one of the most perplexing problems i the field of hepanc
disease The virus of infectious hepatis 1s certamly the responsible agent
1n some cases and perhaps also in the great majonty However the lacl
of specific tests for this discase has made 1t impossible to clearly implicate
such an agent n many indn 1duals

Duning the past 10 v e1rs we have obserted 37 panents with nonaleoholic
circhows of the hiver betw cen the ages of 10 and 30 In a large proportion
of this group the cusatve agents could not be deterrmined A breakdown
of these patients indicated that  were finally found to have Wilson's
disease 3 Chuaris syndrome 6 cirrhoss after clear attacks of nfectious
bepatitis 7 cirrhosis after possible hepanus and 19 cirrhosis of unknown
etology Thus approuimatels one half of the patients i this age group
had a cirthosss of abscure enology

A special study of these 19 patsents revealed that thev possessed 2 num
ber of unusual features 1 common % Sinteen of the 19 pattents or 84 per
cent were females Figure 1 illustrates 3 of these patients at an early stage
of the disease The onset of the illness was usually msidious and the
average age was 15 Delay ed menstruation or amenorrhea was one of the
earhest complaints 1n the majorits of these patients Acne of the face
nech and shovlders strize and obesity were often observed Arthnns
ranging from nuld reddening and swelling of interphalangeal jounts to a
crppling discase myolving all extremities was found 1 approxtmately
one third of the group

Laboratory v estization revealed unusualls Ingh total protem levels
1 the serum with 9 of the patients show ing levels above 9 5 gin per cent
at some stage of their 1llness Electrophorenic analvses showed that this
increase was almost entirely due to elevation of the gamma globuhn frac
ton Figure 2 shows the extreme abnormaliry found n one case where
the total pratem was 11 gm per cent (middle patient depicted in Tigure
1) This pattemn tahen early in the discase m manmy ways resembles that
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were 1 Three femile patients with crrh s of underermined cuology
Pliotograph taken duning the carly stages of the di ease

seen n pauents with multiple myeloma In most of the cases a parual fall
n the gamma globulin occurred with progression of the discase

The pathological changes 1n the Iner observed by biopsy or autopsy
m ¢ of the panents were not found te be speafic Chrmctenstically
duriny, the early stages of 1llness bropstes show ed great numbers of mono
nuclear cells primarily 1n the portal areas (Nigure 3) Studies of these cells
(carried out 1n collaboratton with Dr Robert Goad) show ed that s many
as 40 per cent of the total were plisma cells and the number of the litter
correlated grossly with the gamma globulin level tn the serum Specrmens
obtamed later 1n the disease showed a considerable decrease in the cellufar
nfiltration and most of the patients showed a postnecrotic ty pe of cirrho
ss with broad bands of fibrous tissue between small and very large re
generating nodules

None of the features described above can be considered specific for
these patents Indnvtduals with cierhosis after ty preal attael s of infectious
hepatiis studied at the same trme here and also by other observers s

show many of these mintfestations The hih gamma globuln levels and
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Fiotre 2 Tiselus electrophorenc pattern of the scrum of the middle patient
of Figure 1 The extreme elevauion in the gamma globuln fracton 15 readily
apparent

cellular infiltration of the Iner certamly have been observed after hepa
s Perhaps they were somew hat more marked i the present group of
patients with cirrhosis of undetermined etiology The hugh meidence of
arthritss 15 somew hat peculur for posthepatitis crrrhosis but again does
not exclude this disease In essence therefore the only umque character
sstic of this group of patients 1s the high incidence 1n females

Considerable effort was drrected toward the deterrnation of etiological
factors other than infectious hepatitis The high mncdence among voung
females and the generalized nature of the disease process m certamn
pauents suggested the possibility of lupus ervthematosus Posiive LE
preparations were consistently obtained 1n one patient but not mn the
others although 1t was not possible to test all of the patients particularly
durmg the acute stage of therr discase In view of the arthntis sheep cell
agglutmation tests were carried out 1n § patients wicth completely negative
results However the recent modification of this test emplosing gamma
globulin directly 2 was shghth positne m 3 of these indistduals These
are probably false positine reactions because of the high levels of many
normallv occurring antibodies along with the high gamma globulin No
direct relationship between these cases and the abose diseases could be
established although these studics remain incomplete

o a previous report 2 prelummary evidence was presented for an effect
of estrogen administrarion m rasing the bilirubin level in the serum of
some of these patients This obsersatton has been confirmed and 4 of 5
patents tested show ed an increase following 3 mg per dav of diethyIsul
bestrol In some cases the estrogen made the patients very stch and they
appeared to be peculiarh sensitive to the action of this drag  In one
c2se cornsone was talen by a patient for several years with sympro
mauc benefit and a fall in the bilirubm lesel On cessation of cortisone
3 prompt nse win biirubin alwavs developed Estrogen produced its
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Tcure 3 Photograph of a section of hier tahen at lapsrotom buopsv from
one paucat during the carly stapes of the discase Marked mononnclear cell
accumulivion 35 obseryed

effect m the presence of cornsone and caused nawsea and vommng on
cach occusien

These effects of estrogens which have not been observed m a hmieed
control study of patients with other 6 pes of cirrhosis raise the possibiliry
thar specific endocrine influences preseat sn voung women modifs the
usual bemgn course of infectious hepatitis There 1s perhaps a relsttonship
to the high merdence ot tatal lrver disease among postmenopausal women
1n Denmark ¢ where the evidence for 2 1y pe of miections hepatitss 1s more
defimte Howeser 1t 1s not possible at present fo arrne ar a conclusie
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decision regarding the group of patsents described here Smgle or multiple
unrecognized enological factors may well be i ohved
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DISICNATID DISCUSSION

Iowarn A Gary, MD (Cincinnin Olio) 1 have been delighted with
this oasis of pathologs The water i fresh and elewr

Dr Hull has opened Pandora s box in broadenme the honizon of hepa
nus He perontted us to peeh rather briefly ar vellow fever and Dsted 2
number of other forms of infectious disease of the Iner We have a grow
ing acquantance with 3 number of other related condinons An example
in pomnt 1s the hepatic leston of infectious mononuclensts whrch so closely
resembles that of the ordinary epidenuc hepatitss | believe that the
evidence mdicates that mononucleosts 1s accompanied by hepatitis more
often than not

In recent sears as familanty with the listologie pattern of hepanus
has increased T have been mmpressed with its occurrence m autopsy ma
teral procured from pauents 10 whom no suspicion of Iver duneise has
been entertamned durmg hife Notabh this has been the case in associztion
with certain fonmns of infeetiows encephalomyehies and mn children with
wterstinal pncumonitys Hepatius probabh accompames quite a number
of systemic il infections not commonhy considered to ffect the hver

1 presume from Dr £ Ll s illestrations (he did not clearly indicate this in
hts discourse) that the sclerosing venous disorder he has described has a
centnlobular dstribucon 1 am frankh puszled at the absence of a
residuum of an inflammatony reaction 1 associatton w itk the desmoplastic
process Indeed 1t seems rather odd thit we do not sce s equivalent
following some cases of severe viral hepatitss since these very frequently
extubie mflimmatory and even necrovzing change in the area of the
central vein

1 caanar quite ascribe to Dr Smetan s elum that the clusters or  colo
ries of Kupffer cells constrrute a charactersstic of viral hepantts These
are not m my experience hmed to this condition One sees them rather
frequently n mstmnces of severe extrahepatic biiary obstruction when
they are particularls highhghted by brle staming I dont hnow about
therr hpofuscn conrenr here

The observation of the acmar arrangement of parenchymal cells in
the Delhy cases 15 interesting A stvtae although not a5 strikiog sttuatron
oceurs 1 cases of hepatiis obsersed in this country Nor am T comvinced
that this 1s necessanihy a specific indication of tiral infection T am sure
vou are famihiar with the empists placed upon  acinus formiton  of
hepatic. cells 1 children suffering from galactosemnn This 1s similar an
many TESpects to W hat Dr Smetana has tlustrated and bis been clamed
by somie to be charactenstic of galactosemea 1 do not believe 1t 1s pathog

nomic of sy particulr disorder
Dr Kunkel s reference to cotrelation of hepate drsorder with function
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tests brings to mind a surves we have carried out recently We felt that
there might be some parallel betw een the plasma globulin and parucularly
the gamma globuln fraction and the actity of the disese n the Iner
It seemed that the globultn might 1 some way mndicate the number of
reactrie hvmphocites and plasma cells present 1n the lnver YWe were
unable to establish such 2 correlation There 15 probably sufficient extra
hepatic hw perplasta of 13y mphoid ussucs ta mantain g high globuln level
aftter the Inver leston becomes mactr e

GENFRAL DISCUSSION

Suema Surrroch M D (London England) When I knew my friend
Dr hunke! was presenting a paper [ thought 1t would be rather fun to
collect the patients with cirrhosis that 1 see in England under the age of 1

I found I had seen  pattents with juvemule cirrhosts of which 13 fell
mto the group that Dr Kunkel has been describmg and which we in
England call hunkel gtk Actually that was not very well recenved
by Dr \oldenstrum when he arnted from Sweden a he thought they
ought to be \ oldenstrum girls

Of the 13 hunkel girls 6 were relatnely well — exhibyung acne
jaundice globuling plus and so on Six gave a past histors of hepatitis
and 7 did not The mcan age was 16 and onhy 1 was under 13 There
Was this same sex incidence 1 females to 1 male

This certamly was not the only sort of cirrhosss that I saw m voung
people There were ¢ others and the histors of hepatitis in them was of
about the same ncidence 4s the other ladics—4 ves and 5 no —but
the mean age which was 9 was much vounger One was 1

Thss laol ed to me as 1f the Kunkel gurls were suffering from much
the same disease at 1 specul age and amy one who contracted a posthepatc
cirrhosis at the age of puberty would probably show this picture

The other thing to notice 1s that 7 of the others were n good health
with no ner fature That v i contrast to the observaton of Gelles
that cirrhosts m children 15 2 serious condiwon That his not been iy
experience Seven of these people had just hepatosplenomegaly or indica
tions of portal hy pertension and did reasonably well Two of them died
howeser of lner falure

The rosettes of ner cells produce a pseudoductile appearance often
with an inflammatory reaction berween n fact Profe sor Duer felt thus
reactton to be much lil ¢ his cases of neonaral hepautis This ean be found
m panents with 1 good pt tustory of infectious hepatis So 1 think
we will agree with Dr Gall that this may well be a nonspeaific response
of the lner

M Pyorsrsor MID (Copenhagen Denmark) In connection with Dr
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hlls paper T would Iike to demonstrate the incidence of hepatitss m
Denmark during 2 period of twents eight vears

Smce 19 8 this disease has been nottfiable 1n Denmark The registration
1s naturally assocrated vth certan errors Nox all cases are nonfied This
was cheched tn 1946 by Reushing who found that 83 per cent of all cases
of hepatiis diagnosed by doctors m Copenhagen during 2 peniod of six
months were notfied There 1s hovever no reason to suspect that this
mnzccuracy vanes from vear to vear Incorrect diagnosis may also occur
stlent gallstones or cancer but the error 15 prohably small

There were two big waves of hepatitis 1n the 305 and ’jos covenng
several vears The cause of this ligh ineidence 15 unknown It might be
that we had introduced a virus with a high virufence 1 shall pomt out
that the increase in the epidenme 1 the 4os started with the myasion of
the German troops tn Denmark

The charactenstic vanation 1s pronounced especially 1n the 3 ears when
there was a high meidence of hepants

Lro hrainrr, V1D (Washington D C.) Dunng this morning s presenta
tion Dr Schuff mentioned  cholingiole  In comparson with the number
of Instances of cases with a diagnosts of cholangroliic hepanms, his figures
were rather small

1 would iike to make one pomt As regards the term  cholangio  fus
torically 1t means two entrrely different things In Rester's discussion on
Ier disease he speaks of the disease of the ulnmate radicals and sa3s

In this case one likes to speak of chol. hiews 1n terms of

of the so called ile capillanies

Cholangioles and bile capillanies are 1dentical and he stresses that it 1s
vers difficult to distngush berweéen the volume of bile capillanies and
Iner cells In other words bile captllary damage to htm 1s Iner cell
damage

It has been used also by Eppger w ho states that according to Naunyn
the inflammatton of the smallest ducts i the periphers s cholangitis He
does not sav evpresshy that he thinks so

This point of difference 15 of some practical smportance 1 under
standing the presence of capillary bile thrombi m vanious forms of hver
disegse and especially in the so called cholestatic hepantis If we want
to ascribe the presence of this bile thrombus to the portal spaces and altera
tons therein we use the older form of cholangtohtis but I think this
static phenomenon cannot always be explained by the amount of damage
i the periphery and I pomnt to the fact that behind the term of cholan
goliis and cholangioltuc  hepatitis there 15 something Like hver cell

damage
Dr Call pointed to the presence of lipofuscin in hupffer cells in con
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ditions other than viral hepatitis We have studied this with fluorescence
and we are quite comunced that i cases of obstructive bile stasts there
appears together with the bile a substance which resists digestion as
shown with pertodic acid Schiff (PAS) stanmg and which fluoresces
the same way as hpofuscin This indicates also 10 our opimon that in
cases of obstructne bile stisis the brle stasis 15 not just a mechanical effect
of obstruction but there 15 also a certan amount of liver cell damage

A M Rarrarort M D (Toronto Canada) I must sav I enjoved Dr
Baggenstoss s paper very much and he presented beautiful matenal which
fitted so well with the acinar concept

T would like to make one pomnt The position of the vewns 1s usually
described as  outside the Iner lobule and this 1s constdered 2 patho
logical feature From the material that we have shown we hnow that
the so called central vems ar portal hepatic vems are always between and
at the peniphery of the acim The nodules which are the result of hy per
trophic regeneration of the suniving acinar cord are surely distortmg
these central verns compressing them and thus adding to the other cause
which 1s the reduction of the number of peripheral vessels 1 this way
portal hypertension 1s formed

I would like to make another suggested explanation for the increase
of Iymph vessels which Dr Baggenstoss described As 1 remarked
my paper we can magine the her from an embryological viewpoint
as 2 gunt web of parenchy ma spread out on one side subdiided by the
afferent portal vessels while on the efferent side the hepatic basc mter
digiates with them The moment a pathological process disturbs the
commumication betw een these rwo systems then the other efferent system
that I mentroned and which 1s on the afferent side of this grant web
the Iy mphatics and the bule duets will probably be forced to carry away
a part of the plasma flud which 1s stagnating 1n the Liver when normal
passage from portal vein to hepatic vem 1 disturbed

First we will see an incresse in lymph vessels which sall will be able
to carry on and do the job but when the amount of flwid to be transported
15 overtaving this increased |y mphatic net then transudation will occur
the same way as 1t 1s produced by putting a constricting ring around the
efferent 1y mph vessels surrounding the inferior vena cava

One question that I would ke to ash Dr Hill s 1 his cases if he
regularly observes a strict concentric fibrous ring around the termunal
hepatic vems or whether sometimes he observes two stellate processes
projecting nto the hepatic parenchyma as I believe I observed m one
corner on the shdes he presented

Kexsern R How MD (Jumaica BWI) The answer to Dr Rappa
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ports question 15 ves In veno occluwne discase the terminal advent s a
nonportal airrhosts The cirthoss commences 1 the center of the lobule
and goes out to the stellar process

One 1s Dr Smetmas collection of hupffer cells with prigment This
also happens n the recovery stage of vellow fever and they are called
vellow badies ¥ dont hnow whar the prgment s but 12 15 presumed 1c s
bilirubin or one of the bile prgments and 1t 1 pessibly yust 2 nonmal
scavengnr effect in the Iner of the mesenchy mal o3 stem

I huve been most meacued by the pipers this mommg which hie a
pathological flavor as it were The question ts W hae s the virus dom.,
m the lver VW hen we look at sellow fever we know thae the virus s in
the parenchy mal cells The virus aself has been wolared st recently an
“Trimdad from the Iner cells This virus esther kills the cells and also hills
the patient or the patent recovers and as far as we know there are no
aftereffects So 1t 15 2 parenchy marous inflammation of you hike

W\ har happens m nfectious hepatites It ss presumed (and others will
tell us more about this) that the virus 15 i the cclls What happens Dr
Baggenstoss actually has rither shaken me m iy concepts of whae happens
m posthepatnic crrhosts T thought it was due to the stranghng effect of
the mesenchy nal fibrous tasue afrervards but he suggests actualhy 1t
1s due to the hy perplisia of the hiver cells which affect the blood stream

W hat of the hyperplasa® As a pathologist when 1 look af dead tissue
in thopstes 1t never occurs to me Is the virus present® YWhat 1s causing
the hyperplasia® Is i 2 compensators by perplon or 14 1t virus present?
I think 1c 15 2 feature of rescarch which could be well looked mta that
15 the question of the vrrus present m the cell Is it or 15 1t not strangling
mesenchy mal reaction?

Haxs | Ssutana MD (Delhi India) T think the discussions have
shown that we by no means understand cach other very clearh There
still seems to be a great dnergence of opmion Perhaps it centers mamnh
on nomenclature There s considerable difference of optnton about no
menclature I beheve chat should be the first thing to come to aa agree
ment on

This 15 not only an 1cadermc pomt but the dingnosis of siral hepatitis
15 still very shaks T have come across thae m 4 very mmportant duease of
the Fast mamely nfanuile arrhoss The diagnoss of hepautis m such
cases 15 done with greae frnoliy  without much evidence of hepatits
I am not saying that it does not exnt bt 1t has not been proven The big
question 1s Is this disease due to virus or 15 1t due to malnutrition® There
1s a great gap In OUT agreement concerning viral hepatits and 1t remarmns

for future studes to clear this pont
Therefore the emphasis remains on certan erirerta of hepinitis which
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1 believe sull are furmshed by histologic examnation more so than by
any other test

‘There are many other things wlich are impartant in this morning s
discussion T would lihe to defend myself agamst the onslaught of Dr
Gall about the hipofuscin in the hupffer cells I meant lipofuscin not bile
I believe that 1s important Also as I said hpofuscin does not occur 1n
Kupffer cells n other conditions such as carbon tetrachloride posorung
In such cases of poisonung the other features of hepatinis are mussing This
presence of lipofusain m hupffer cells 1s only a part of the picture buc
1t has to be hpofuscn and not tnle pigment

Concerning the glandiike formations 1t 1s not the glandlike formation
which also occurs as a malformation i the voung child bug it 15 the
combsmation or the hustologic feature of hepautss and the glandhike forma
tion which 1s the usual feature I believe that 15 specific because the fer
tures of hepatitss are present

Concerning the cholangioles that agam 1s a very uichlish question It
depends upon what city and country you are m Sometumes the very
name  cholangiole sort of mabes the shin produce goose pimples
One wonders whether 1t 15 necessary to deviate from the old term
of pericanahenlus which 15 a very good mame and 1s identical with
cholangiole

As far as chol. hos 15 d this 15 supposed to be an nflam
matory process of the cholangioles but the inflammatory process 1s never
seen 1t 15 apparently just there The mflammatory expression 1s not ob
vious Therefore 1 dont1now what it actually means

The presence of lymphaucs 15 certainly very interesting 1 want to
as] Dr Baggenstoss how he differentiates berween the vascular and the
Iymphane when there are two coats of muscle ussue This 15 racher m
portant and I wonder how he s able to tell the difference with certunty

Dr Hills picture of the occurrence of the veno vascular disease in
India T thunk 15 somewhat erroncous because I have seen all hus shdes
and I don t believe any bodv agrees any more that this 1s vascular disease
1 chunk these cases were mistakenly diagnosed

A H Baccenstoss MDD (Rochester Minnesota) I agree with Dr
Smetana that the differentiition of Iy mphaties fram s enules 1s an 1important
one particularly 1n view of the fact that in portal obstruction the ac
cessory veins of Sappey are very well developed m the hepatoduodenal
ligament.

The critena we used mual were those found m the textbooks n
describing the Iy mphatics namely the muscular wall s poorly developed
the muscular wall varies considerabhy 1 thichness in ditferent portions
of the wall the elsste linuna particulirly the internal elastic lamuna 15
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ports question 1s ves In veno-occlusne disese the termmal advent 15 2
nonportal cirthoss: The cirthosis commences n the center of the lobule
and goes oyt to the stellar process

Onc 1s Dr Smetanas colleenion of hupffer celly with prament This
also happens i the recosery stige of vellow fever and they are called
vellow bodies I dont know what the pigment s but it 1s presumed 1€ 1
bilirubmn or one of the bile przmenty and 1t 1 posabls qust a normul
senenging effect in the Iiner of the mesenchs mal system

1 have been most mtrigued by the papers thes morming which have a
pathologrcal flavor as it were The question 15 W hat 1 the virus dowg
m the Iner When we look at vellow fever we Inow that the virus s m
the parenchymal cells The virus seself has been nolared just recently n
Trnmdid from the bner cells This virus erther kalls the cells and also kilb
the pattent or the patient recovers and as far as we hnow there are no
afrereffects So it 1s 2 parenchy matous infimnnvon of sou hike

W hat happens 1 mnfecttous hepanns It 1s presumed (and others will
tell us morc about this) that the virus is an the cells \Whar happens® Dr
Baggenstoss actually has rather shaken me 1 m concepts of what happens
mn posthepautie cirrhosts 1 thoutht st was due to the strangling effect of
the mesenchy mal fibrous tissue afterwards but he suggests actnlly
1s due to the by perphisia of the Iner cells which affect the blood stream

W hat of the hyvperplisit As 2 prthologist when [ look 1t dead tissuc
1w biopuies 1t never occurs to me s the virus presene® \% hat 15 causing
the hyperplasia® Is 1t a compensatory hy perplasit or s 1t virus present®
I think st 1s a ferture of research which could be well fooked mro that
1s the question of the virus present m the cell Is it or 1s 1t not stranghng
mesenchs mal reaction?

Havs F o Surrana MDD (Dethr India) T think the discussions hase
shown that we by no means undentand each other vers clearh There
still seems to be a great dnergence of opinton Perhaps 1t centers munly
on I There 15 ferable difference of opmnton about no
menclature I behieve thar should be the finst thing, to come to an agree
ment on

This 1s not only an acidemic poine but the dizgnosis of viral hepatins
15 still very shaky I have come across that in 2 very mmportane disease of
the East namely mfintile cirrhoss The diaunosss of hepatiss m such
cases 15 done with great frnoly  without much evidence of hepatitrs
1 am not sas tn, that it does not exist but 1t has not been proven The big
question 15 Is thus disease due to virus or s it due to malnueritton® There
15 @ great gap | our dgreement concermning viral hepatis and 1t rematns

for future studzes to clear this pomnt
Therefore the emphasis rematns on certun crirersa of hepatins which
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verv poorly developed and of course the presence of valies m the
Ivmphatics which is of great help

In nnny of these cases the contents of the vessels also were of course
of help 1n differentiating betw cen the two

We are well acquainted with the accessory vemns of Sippev because
we studied the series of cases i which prolonged poral obstruction has
been present and these are very well devohied m many of those mstances
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Enology of Hepatitis

F O MacCAILUN AMD
(London England)

This 15 the second time I have sampled the generosity of the Ford
Hospital which has made 1t possible for me to attend such a sumulatung
discussion and to which I am extremely grateful

I was very doubtful about the propmety of my appearmg on this
program — particularly on this subject — when the suggestion was first
made nearly a year ago I had nothimg new to contmbute and was par
ticularly embarra sed at a later date to find Dr McLean following me
on the program m view of the recently publshed work of tam and hs
colleagues * Howesver I shall speak about one or two aspects of hepatits
which may be covered by the heading Etology

Manv of us who were feeling somewhat jaded by 1950 as far as work
on hepautis was concerned were revned by the possihilines suggested
by the worl of Enders and hus colleagues and the pure nissue cultunsts
Iike Eatle Gey and others but gradually became despondent once mare
when cultures of one tissue after another showed no response Of course
we all hoped the answer was just around the corner

At a small conference held in March 1954 the up to date position of
attempted transmission of virus hepatius to laboratory ammals and wissue
culture of a number of hines of cells was discussed and the proceedings
later appeared m Pubhcztion 322 of the National Academy of Sciences
Washington ? The results of a number of hitherto unpublished expent
ments using Varous experimental approaches came to Light 'V arious types
of virus hepatitis occurring 1 mice dogs and other ammals were dis
cussed and it was concluded that although they wese important in their
own nght they did not throw any direct hight on the diseases 1 man at
present known as infectious and serum hepantis Tollowing this meeting
1 order to fill m one gap I carned out serum neutralization tests with
gamma globulin from the convalescent serum of dogs infected with
camine hepatitis and Rift Valley fever virus i muce bur found no ent
dence of cross relanonship

Howeser the resemblance and possible relationship of equine infectious
anemta to scrum hepatitts was considered to be worth further study,
although 1t was stated that the virus of equine infectiots anenua (LI A )

s
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We will now consider briefly the subject of mfection mmmunity and
Tessstance to the two viruses which I will here call A and B

Of those patients who have an attack of mfectious hepatitis i child
hood 1t has generallh been concluded from epidemological studies that
about 3 per cent to § per cent may have a second attack of infectious
hepatitis with jaundice as adults The high rate of immun:ity 1s presumably
due to the presence of adequate anubody  Thus the gamnn globuln frac
tion prepared from pooled adule serum (which s 1tself not infective)
contains antihodies to the virus and can be used to protect or attenuate
ifection with virus A There 15 lictle or no evidence to suggest that the
virus s carried 1 the blood stream for long peniods The site of glo\\(h
of the virus 1s somew here in the g tnal tract or rettculoend
svstems or both Persistent nometeric lness with continued excretion
of virus 1n the feces in very young children has been reported If the
patient who has recovered from infection with virus A 1s later infected
with sirus B there 1s no mdication that hus suscepuibihity 1s different from
those without such a history

Unfortunately the information on immuniey to remfection with virus B
1s confined to observation on a small number of volunteers Although none
of these became jaundiced on remoculation there was slight chinical and
biochemical evidence of disturbance of Iner function 1 some of them
follow g reinoculation 4+ Other expermments with volunteers show ed that
neither conyalescent scrum ® nor the gamma globulin fraction of a pool of
serum collected 6 months to  \ears after mfection with virus B® pro
tected against virus B The possibihity that antibody to virus B 1s concen
trated in some other fraction than gamma globuhn has not been ruled out
(I was interested to read recently that gastoententis of young swine
apparently 1s not prevented by ijection of gamma globulin prepared
from convalescent serum )

The experimental work of Stohes and his colleagues and others has
shown that carrage of virus B in the blood stream may persist for at least
5 vears Some of the carrers have not shown any signs of lner disease
detectable by biochemcal tests or microscopic examunation mn I er biopsy
Even if onc adnuts that these tests are crude the evidence suggests to me
that the virus mav mulaply 10 some organ other than the lner and 1m
munity 15 obtaned 1y persistent nfection of the suscepuble cells —a
relatvely harmless infection of the host This would be compatble with
the suogestion thar the lower age groups are less suscepuble than older
ones

If new laborators tools confirm the lack of anubody production al
thouch there 15 ample gamma globulin in serum hepatins does 1t mean
that the structure of virus B 1s so stmlar to some normal constituent of the
blood that plasma cell or other antibods fornung mechamsms do not
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was macenated by heatng at 60 C. for 1 hour 1 contrast to surunal
of serum hepatus under the syme condtions Te was suggested tiat further
expenments be cirned out on susceptthilits of horses not earrvng LI A
virus to human serum hepatitis 1 hve not heard if this has been done

T was agreed thie the susceptbidits of prnytes had nat been muestt
gated on a sufficientls Jarge scale to conclude that they were completel
imsusceputble and e was suggested that further work using more anmmaly
per expeniment should be done [ belteve that most virus laborataries have
been so imvohed 1 tssue culture studies of viruses of all kinds mcludmg
hepanits that no one his had tme for the We hne tned ro infect
a small number of thesus monkess with a strain of Shigella floxners tso-
lated from monkess plus hepatins material with no posiene results
except some informition on excretion of shigellie I have heard a rumor
thar a sumlar 0 pe of experiment has been performed m the Unsted States
using another enteric argansm bue I know nathme of the results

Ve hhe many other hboratorics have been attempnng to produce
vusible changes i tissue cwlrures of nnsy Amnds humta enbes o and mon
kev tissues in prrucular The latter included ussues from the monhevs
mentioned above siwcnficed 1t intervals afterward to compare thewe
growth with that of tisues from normals AN this s been unsuccessful
and we are now testing a hne of Detrott 6 cells abtimed from Dr Mel en

So far we hive wsed the following materabs 1n these Detroie 6 cells
with negatne results

1 Stools (a) from one adult collected on the Sth dav of disease

first dav of jrundice
(b) from one child aged 6 vears— speermen collected

8 das s after onset of nauser and  davs after appear
ance of 1cteric finge in sclera

~ Secrum o34 A pool of humn serums cawstnn, serum hepatis m
60 to 7o per cent of voluntecrs when list tested 1n
1945 It has been stored in the drred state at 4 C. or
lower remperature since 1945

The use of humn scrum scemed to be 1 perpetual stumbling block
hecause of the possiilits of virus or antbody bewng presene My col
Jeague Dr Alargarce Walker hts now succeeded i adapuing Detror 6
cells to grow wthout human serum The medium now 1n use 1s Syathene
Medium 1gg of Parker with the addition of 10 per cent ox serum Cul
tures grown on this medwm appear to be as sunfactony s those grown
on the hunan serum recommended by Vel can ¥ but the latter states the
cells will no longer be susceptible to hepatrts virus These negitive
results are obviousls of httle si.mficance and Dr el etn and heer

speakers will no doubt enhghten you on the present positton
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In the past ten vears there have been reports of a considerable number
of cases of hepatitss 1n mfants i the neonatal period born of mothers with
no history of jaundice and in whom no other definite etiology such as
congemtal atresia of the bile ducts or Rh mcompatbiity was found
Groups of cases have been reported by Bedun and Newns '3 Craig and
Landing ¥ Dible ¢¢ al ' Gellis and his colleagues 9 Stokes Wolman
and their colleagues 17 and others Unfortunately 1t 1s mmpossible to de
termine whether there 1s any difference 1n sex incidence from the n
complete information i most accounts The cardinal features of these
cases have been the appearance of jaundice at some fime between birth
and the tuelfth week of hife in the majorty some have been born severa
weehs prematurels with jaundice a faraliny rate of 30 to 4o per cent and
several examples of 2 or more cases in families On microscopic examina
ton of the hver large numbers of multmucleated guant cells and very
actne wslands of hematopoiesis symtlar to those seen in ery throblastosts
foetalis have been found features not seen in the liver m virus hepatius
i adolescents or adults The pathological material studied has been pose
mortem specimens from fatal cases or biopsy specumens usually obtaned
at laparotory when 2s 15 often the case congenttal obstruction of the
bile ducts has been suspected There has been no proof that the micro
scoprc picture described was pathognomonic of a single enology in fact
the multnucleated gint cells have been seen 1n other diseascs affectng the
Iver i nfants and the sslands of hematopoiesss in ers throblistosts foetalts
This does not rule out the possimlity that some of the infants had two dis
cases Three of 20 cases whose livers (biapsy or post mortem) were
constdered by Crarg and Landing te have the specific microscopic picture
alo had clinical and serological cruerta of esythroblastosis due ro Rh
incompatibility and in one patr of  probable cases from one mother men
tioned by Dible et al the multmucleated cells and fine fibrouc lesions
were present but there were no signs of hematopoiesis In another possible
case menttoned by Dible and his colleagues cvtomegalic inclusions were
present in the hidney and pancreas

In the discussion of VWolmans work i 19,117 W3 olman and Zuelzer
both mentioned that they had also seen specimens of Ier from infants
with suspected virus hepatiis in which the microscopte changes were
simtlar to those seen m adult virus hepatitis o mention ss made of mutn
nucleated parenchymal cells 1 the case of fulounant hepatitis i an 8
week old infant described by Veillams and Gaber 8 the four siblings
described by Adams ¢¢ o/ 7 the case whose mother probably had infec
tious hepatius described by Toscano and Rosst 1 Irah 2 nor mn four
cases described by Perry i Australia

 have been unable to find ans other more recent detailed reference

to ths ltter pont which seems mmportant As several avthors have
ashed
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consider 1t a foreign substance and are not sumulated to anubods pro-
duction Or 1s 1t because mfection first occurred i utere that no antibods
response occurs m some of the indiniduals Were the volunteers and
others who did not show illness when mjecred with large doses of virus B
already carrving the virus If w0 ther nunber suggests 2 much bigher
carrier rate than ¢ i 00 i} glind and Wales —a figure deduced from
the hepanus rate following, whole blood trnsfuson

In contrast to the ourcome when virus B follows virus A obsenations
made durng the 1939~1945 war m the Mediterranean regon suggested
chae prestous mfecnon with vine B rendered an indinidual more hable 1o
clmcal diserse with strams of vrus A prosent n that area than were
normal indaaduals 3 1t 15 possible that persiaing, varus B senwitizes hner cells
by primary infecuron interferes with the capacies of the Iner to deal wich
sirus A arnterferes wath annbody production

Fmnally in support of the idea that there are hepattis viruses with
different properuies 1 have found it difficuls to discard the evidence pro
vided by three different workers VMacl agan ® \eefe® and Green ' that
the thymol and colioida) gold flocculation teses of ver function gne
different results i mfectious hepatitis and serum hepatits

The second subject 1s Tetal and Neonatal Hepatitts and Hepatitis 1
Infancy

1 wish first to acknowledge the published reports of the Boston and
Phtladelphia groups who hne done so much work m ths field and no
doubt have more recent data which [ have not scen

1f we consider there are two v pes of virus both of which may circulate
1n the blood stream (and one at least — thit of serum hepatits — having
a dameter of less than so millmucron) one ma conclude that it s
possible for the fetus to be mfected 1f the mother 15 Thes presumably
could result i death 1 sitcro from esther sirus 1 hasve found no mforma
tion on results of exanmnatton of such fetuses If the mather hs infections
hepatitis and 1nfeces the fetus 1 suppose the baby would be more Iikeh
to be born alive and pumndiced 1f this infection oceurred m the Iist month
of pregnancy though not necesvinily so There are very few published
reports of probuble 1 #tero infecuon with infecnious hepatitts of which
those of Ohn'* and Toscano and Rossi? are examples No doubt Dr
Marttni of Hamburg masy have something to sav on the subject as he as
well as others has followed up a number of cases of jeundice 1n pregnant
women all with negatine resulrs

On the other hand 1 suppose that if the mother 1s alreads a carrier of
serum hepatits virus or becomes nfected during pregnancy w ith it and
the fetus 1s infected the nfant might first show symptoms and signs any
ame from birth up t0 3 or 4 months It has been suggested that such a
child nughe become a carner and tf a female the conditton mught be

perpetuated m this %2}
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Tinally on a more chrucal topic one fact that still amazes me 1s that
phystcians and surgeons throughout the world continue to mject un
treated pools of serum or plasma from a large number of donors for
$Ome quite unnecessary prOCCdlﬂ'CS m nddmon to unnecessary trans
fustons As recently as July 1956 at the International Pediatnic Congress
I histened to a paper on the use of human serum as anugen for shin tests
1n theumatic fever The speaker said he was aware of the nsk of serum
hepatitis and had tested his rnaterial on a few volunteers first, but I think
this tvpe of worl should be discouraged until a laboratory test 1s v ulble

There certamly are a very large number of interestung and practical
problems awaiting solution by the laboratory workers
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Is there vet another virus disease of the liser in mfants or esen per

haps several more

There 1s hrtle informatton on the possibiliry of the occurrence of mid
cises which m1y have occurred at home and recovered except when there
have been inquiries as 2 result of fatal cases in sibhings

Gellis and his colleagues obtamed no information to sucgest hepatitis
1 5 sibhings who were born before the pnmy case and in onby 1 of 7
who were born after the primary case Although Stokes ez al Cellis ez al,
and Craig and Landing appear to have seen veny few mulople cases m
families a number of examples have been desenibed parnculach i ng
Iind ¥ 13 The reason for this difference 15 not obvious

1 understand that the ervthroblastosis foctals rate 15 somew here m
the neighborhood of 110 200 pregnancies in Tngland and VWales Iris odd
that this should be the same figure as one suggested for virus B carrrers!
1 have not found ans report from a large micermies and pedeatric vt of
cases of jaundice divided into those with and without cry throblastosts
hope that mformation on this 1s avalable from some large units in the
Umited States and that such informanion will be forthcoming m Great
Brtamn 1f one accepts the adea that ar Jeast o 5 per cent of donors are
carriess of vitus B it would be interesting to know how many mothers
acrually do produce nfants with hepanins correhie thus with the calew
lated carrer rate for the particuhir country and study other posaibile fac
tors associated with chnieat disease 1n the mfant To conclede my remrhs
on this aspect T would fthe to mention a sitwation w hich arose 2bout two
vears ago [ had made n attempt ta obtain the 1aterest of two maternity
umits m one of which the pathologist was interested m Lermicrerus tn
order to collect scrums from mothers and infants when the mfants hd
jaundice mn the neonatal penod not due to erthroblastoss or other
Lnown cavuses 1 also ashed 1f thes could do hier funcuon tests on all
mothers The serums were to be tested for herpes sumplex snubods and
held for virus hepatiis studies The net result was one cine the third
chuld of a famuly 1n which two previous infants were smd to hne died
with jaundice 1n the neonatal pertod [ happened to be carrving out
follow up with a request for a therd serum at the end of a year because
there had been herpes antibody 1n the first ar the trme when the imitation
to thus symposinm arred T inquired about the outcome of the child of
whom I had not heard since the first month of hfe and alo if 1 might
mentton this interesting sequence of three presumed virus hepautss cases
The answer was that this child had been a case of galictosenua As soon
as the sugar was removed from its deet it quickhy recovered Perry ™
mentioned a smtlar mcident 1 Melbourne w here the first mfant died of
presumed tirus hepatttss but the second was recogmzed as having galac
tosenua + as treated and recovered
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Tissue Culture 1n the Isolation
of the Hepatitis Virus

I WILLIAM McILAN Jr MD
Detroit Michigan

‘The problems which have been surmounted 1n determiming the enoloay
of mfectious and serum hepatitis have juse been reviened by Dr ¥ O
MacCallum On the baus of human volunteer studies nearly everyone
agrees that the evidence 1s quite convincing that the causatne agents
should be clasahed as viruses To date however little progress has been
made 1n thewr laboratory cultnation 1n spite of the exacting and thorough
work by a number of competenr laboratory groups Yor almost two
years our liboratonies have been engaged 1n study of ths problem and
for vour evaluation some aspects of this work will be reviewed at this
ume Much of the data cannot as vet be fitted mto a ncat pattern of
facts and more question will be raved than answered bur the findmgs
related to the etioloms of hepatis are certanly suggestine and worthy
of further studv 1 other laboratorses

Recently a prelmmary note has been published 3 desenbing the early
findings with a group of transnusstble o topathogenic agents dernved from
serum and fecal of cses d d as 1cute mnf s hepatitis
The first of these agents (MR,) produced degeneratne chinges on a
mixed culeure of cells from human testle (PD3gT) that had been
nsolated 10 our laboratory ¢ 1s imporeant to note 1t this pomnt that this
cell line was found to be quite umstable and could not be mamtuncd
Later we were able to renolate from the syme serum and pass the MR,
agent on an cpithelial cell line (Detrow 6) dernved from human bone
marrow ' 4

“The first 1solite has now been mamtuned on Detrowt 6 for fourteen
seral passages and has retained 1ts oriaml cultural charactenstics In
addition to MR, the onginal group of isolates previously described  has
been passed and addition ! olations have been made bringing the present
established total to 43 All of these avents show a sinnlar and characterstic
ovtopathogenic effect (CPT)Y 1n spite of the fict that materials for studs
hne come from widely dnergent geographical locatrons (Germamy
Canda Lnglind Indi and duferent sections of the Unmited States) and
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Foctal and neonatal hepatios and ats sequelae J Tath & Baet 67 195 1954
Gellis 8 S Cra. J M and Hsia D Y Y Prolonged obstructive jaundice
mnfancy IV Neonatal hepautis Am [ s Clidd 83 285 1954
Stokes J Jr Wolman I J Blanchard M C and Farquhar J D Vinal
hepatitss n the newborn Chinteal features eprdemmuotogy and pathology
Am ] Dis Ol B2 203 1951

Williams R R and Caber B Fulminant form of epidenuc hepantts in
z month old infant [ Tcdir 35 244 1049

Adams F H Andercon R C and Rxchdorf L. I' Four siblings with
hepatic disease leading to cirthosis dm | Dis €1 84 1(8 1951

Porry ] W Hepautis 1n childhood  hnstologieal diagnosis 41 ] Australia
1914 1953
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to be somewhat of a pattern 1n the 1solations but the negative results
duning the earhy clinscal phase of the disease were not anticipated Houw
ever the serres 1s sull small and any speculanion st this ttime would be
premature

The laboratory procedures cutrently bemg emploved will be published
i detail eliew here bur a few comments are in order The growth medium
for the cells consuts of 40 per cent human serum and  per cent chich
embry o extract 1n a balanced salt solution For tests or passages the cul
tures are washed and changed to 10 per cent horse serum medium 199
In ths mantenance medwm  after about ten davs control cultures will
usually show granulanity some rounding and disruption of the normal
sheet configurauon These changes due to accumulation of metabolites
and 1nadequacies of the medmm  unless anticipated are easily confused
wich the specific cytopathogenicity which they resemble superficially
Figure 111l the cl 1tic change m of positnve cul
tures ‘The control on the left 15 typical of a healthy cell sheet On the
nght dntortion and disruption of the cell sheet are beginniag The indnid
ual cells are contracung rounding up and beginning to aggregate \ery
Intle change 1s noteworthy at the cellular level and inclusion bodies hase
not been demonstrated
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have been collected over a span of shour ten vears the 1soltons have
all been remarkedh stmilie i their cultural characrensstics and other
praperties It should be emphasized that this group of 43 tsolates does
not include renolations from the sante speeimens and only those ssolations
in wlieh the characterstic CPL ¢ be transnutted serially are con
sidered vald

The solwon rates we hie obtamed with acure and convalescent
specimens from cases of infectious hepatins (1) and wich samples from
serum hepatitsy (SH) are shown in Table 1 The finding of 13 positines
m tests on 16 acute scrumys and 1o of 13 for stool extracts has been en
couriging Using the same procedure only ¢ of 33 comalescent serums
have been found to contum agents but these molates appear similar
tiers way to those derived from acute phie specimens These ratios
gne a corrected N value of 14§ mdicanng that it s extremely 1mprob
able that the difference 1 ssolatton rate could be due to chance The
vah e of apprinmately 5 per cent apparent ssolhitions from com alescents
15 noteworthy as it corresponds closels with the apparenc carrrer rate in
the general population Tater n connectton With tests on a much hirger
series of so called normal serums the importance of this finding will be
discnsed

Our evpericnee 1n teseing specimens assockted with serum hepants
has been Jess extensne Sumples of 3 materab dernved from human blood
and definitely hnown to have cawsed typreal serum hepantis when ad
minstered to patients were all posttine in our tests The remaning specs
mens with one exception were supplhed under code by Dr Rodenick
Murrty of the N\attonal Insutures of Health The serums were from 4
representatie cases of serum hepatitis and were taken at different perads
followmg 1 pown exposure by moculation Samiples from the teteric phase
were negatne winle specrmens obtamned dunng the tncubation perod
were postse as were those tihen m earls comalescence our serums
from later comalescence were agaun negatne Obvioush  there appears

Taper 1

1SOT ATIONS FRON HIPATITIS-ASSOCIATLD SPICIMIAS
Fype Seuree Jord Tested Jsalvtian of dgent

Infectsns Hepins Acure strum i6 13

Acute stool 13 10

Comvaleseent scrum 33 9

(1-I. mos }

Serem Hepitiis Products causing 3 3
IncuLation per d s 4and 1>

Teteric phase 5 [

Larly convalescence 3 3

Com alescence 4 0

(3= mos )
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senal passages of the agents since 1t indicates the necessity of mechanically
distupting the cells by freezmng and thawing or grmding 1f the CPE 5
to be maintamed on passage of cell free supernates or filtrates

In addion to the tests on coded SH samples we have tested similar
IH matenals submstred by other groups Table 2 shows results of tests
on samples from Dr R McCollum of Yale Unnersits The first two
samples were unpassed seed we had previously sent to Yale and simples
7 8 and 1 were Yale passages of our agents Y3 and Y to are first and
second passages respectnely of a presumptne 1solaton mide by Dr
AeCollam from an IH stool specsmen It 1s of wterest that we observed
aty pical degeneratnve changes 1n the Y3 sample which was posubly due
to some residual tovc substances from the fecal materia) The second
passage gave typical results I'our samples of Detroit 6 control flud (Y4
6 9 and 11) were submutred Our results are in close agreement with
Dr McCollums except for Yo which was posittve n Detroit but had
been negative at Yale Convalescent serum passage (Y5) and a control
of homse serum mediusm (1 13) were clearly pegame

Simlarly a study on samples submitted by Dr F Demharde from the
Children s Hospital 1n Philadelphia 1s guen m Table 3 Samples 3 4 5
and g were from the second ussue culture passige m Philadelphia of
cultures onginally sceded at Parke Davis with stool specimens from c1ses
of acute mnfecuous hepautis Duplicate cultures retamed m Derror had
resulted an ssolations from To 7 and P;  but the other two fecal
specimens had not vielded trinsmussible CPL Samples 1 and 8 were
passages of two of our 1solates and 2 6 7 and 11 were from uninoculated

Tasre
TESTING OF CODLD LABORATORY SAMPILS RTCLI\ED
FROM DR R McCOLLUM YALL UNIVERSITY

Stmple Decole { Des miption Pecults

Namter of Sample Dy O
u New A TG, PD A+ ()
2 MR 1 TC, PD 4+ ()
b 1H stool Yale TC; b (D)
1 D troit 6 control Yale positine +4t+ (D)
s 1H comakscent senim 1l TCy o)
16 Detrois 6 conerol Yals acmaue 0(7)
37 New A TG, Yale TCs ++ ()
18 MR 1 TCq, Yale TCy +++ ()
Yo Detrort 6 contred Yale o +Hettt ()
1o IH stool Vale TC ot (6)
n Detrou 6 ecnersl Yale ? +¢)
2 Pas TCq Yale TCy +++ ()
3 10 hors  scrum + #1859 0(7)
- Cell contr | o)

“Simple moderately ¢ xc  frstp sage
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Sumlar chantes at a lower magnificiton are shown in Figure 2 The
degree of degeneration illustrated 1n the center panel 1s graded as one to
o plus depending on the over 4ll appearance of the culture On the
night s a Teer stage 1n the degencrative change and it would be chissified
as 3 plus to 4 plus by the degree of spontancous sloughing of the cclls
from the glass surface Note the cells are rounded and markedly clumped
This clumping usvallv progresses and the aggregated masses are easily
displaced so that in a stronghy positine test the 1cglutinated cells can be
olnerved readily by gross inspection of the genthy agitated rac! s of tubes
There 1s sen Itle disruption of cells and even in this condition they
contmue to metbolize as evidenced by production of acid merabolites
If such cultures 1re maintained these cell aggrecates resettle on the ghss
and from cach clump new outgrowths of cells appear If 1ncubanon 1s
continued a new sheet of cells will form Also 1f a media change is made
before marked clumping has occurred the aguregation will apparently
Le reversed and the cell sheee revert to a more normal appearance The
fact that the cells clump rather than disrupt 15 also important 1n mahing
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serial passages of the agents since 1t indicates the necessity of mechamcally
distupting the cells by freezmg and thawing or gnnding of the CPL 15
to be mamntained on passage of cell free supernates or filerates

In addition to the tests on coded SH samples we have tested similar
IH materily submutted by other groups Table 2 shows results of tests
on samples from Dr R McCollum of Yale Unmersin The first two
samples were unpassed seed we had previously sent to Yale and sumples
7 8 and t were Yale passages of our agents Y3 and Y 1o are first and
second passages respectnnely of a presumptne isolanon made by Dr
McCollum from an 1H stool specimen It 15 of mnterest that we observed
atypical degenerstne changes in the Y3 sample which was posubly due
to some residual toxic substances from the fecal material The second
Ppassage gave tvpical results Cour samples of Detroit 6 control flud (Y4
6 9 and 11) were submitted Our results are 1n close agreement with
Dr McCollums except for Yo which was posiuve m Detroit but had
been nerative at Yale Comialescent serum passage (Ys5) and a control
of hozse serum medium (1 13) were clearly negate

Similacly 2 study on samples submitted by Dr I Demnharde from the
Childrens Hospital in Philadelplua 1s given in Table 3 Swnples 3 4 5
and g were from the second tissue culture passige mn Philadelphu of
cultures onginally seeded at Parl ¢ Davis with stool specirnens from cases
of acute infectious hepatiis Duplicate cultures retamed 1 Detrot had
resulted 1 solations from To 7 and Pj  but the other two fecal
specimens had not yielded transtssible CPE Samples 1 and 8 were
passages of two of our ssolates and 2 6 7 and 11 were from unioculated

“TasLe 2

TESTING OF CODID 1APORATORY SAMPLES RECTIVID
FROM DR R McCOITUM Y AL UMNVERSITY

Sample Decoted Deseription Pesulls

Numler of Sample (Day Off)
1 New A TC, PD 4+ ()
32 MR 1TC,, PD ++++ ()
13 1H stool Yale TC ++++ ()
Ya D troit ¢ control Yale positve +t++ ()
s IH eonsalescent serum Yale TC; 0
Y6 Detr 1t exnercl Vale nemame o)
hY New A TC, Yake TCy ++ ()
38 MR 1 TG, Yale TC +H++ ()
Yo Detroit-6 control Yale o b=ttt (1)
Yo TH stool Yale TC » 4+ (6)
m Detron-¢ contrnl Yale +(7)
m Pas TCy, Vale TC +++ (1)
hLid 107 borse seeum + 4109 0()
- Cell contral 0@

*Sample med

rrrlycxconf tp ge
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TasLe 3

TISTING O CODID LABORATORY SA\MPITS RICTIVID FROM
DR I DHINHARDT CHIIDRIN S HOSPITAL, PHILADITPHIA

Smple Decode 1 Description hesults
Nemiler of Smaple (v O
Py 1 Pas TCi» Phila 16y +++ ()
Py2 Dceror 6 control Phils TCy et (1)
Py3 To-7 poatne PD Phula T +4+ ()
Py4 To-12 necatve PD Phila TCy +++ (6}
Pys Py 2 posinne PD Plula 1Cs ++ (6)
Py 6 Detroir 6 control Phila TCy +++ (5)
Py Detront 6 control Phula TCy ++(6)
Py MR TCro, Plula TG +(6)
PAo Py 7 negamne PD Plula TCs +(8)
Py IO Lk La control 0(8)
Py 1L Dtrore 6 control Phula TCs 0(8)
Py B cell control .
— Cell control PD 0(8)

04 cells overgrew Detroit-6 and replaced them 1o the culrure

cultures of Detroit 6 cells handled in Philadelphua m the sime way as the
sceded cultures The finding of typical degeneration in three of these
control cultures probably explans at Ieast in part the poor results ob
tuned by the Philwdelphia group  Sinmlar control problems have occurred
mn our studies and will be discussed shorth Passages 1o and 12 were
control fluds from frozen and thawed cultures of milignint cells— 10
were from Flela and 1 from a cell onminating from human levkeme
bone marrow  Both of these controls were clearly negatne but 1c s
cudent that the B cells were not Tilled by the freezing and thiwing
since they grew out and replaced the Detroie 6 cells m our cultures

T'rom these two studies 1t appears that the problem of obtaming repro
ducible results 1n different laboratortes has not been solved T 1s evident
that both 2t Yale and Phulwdelphia there has e been problems in mamtang
control cultures in good conditon and this maturlly his resulted
some d gement Sp deg ne chinges as well 15 ap
parent loss of sensmuny of the cultures have been the difficulues m
establishing the system in other laboratories Ve hne been able to
partally cantrol these factors i our hboratory as wall be discussed bur
they cannot be muinmuzed as a senous draw back to the extensine applict
non of the techmque at thiy time

Dr Joseph L Melnick of Yale Unnemity has supplied under code
samples of acute and comalescent serums from an outbreal of epidemmc
infectious hepatitis (Table 4) Agents were obtamned quite readily from
6 of the 8 acute serums and less definttely § of the rs convalescent
4o days) were positne The extent of CPL appears to

specimens (19 10
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“Tasie 4
TISTING OF CODED ACUTE AND CONVALESCENT

1H SCRUMS RECTIVED FROM DR J MELNICh
YALC UNINERSITY

Sample Decodei Deserptson ® Results t
79 Pauent | Acite 4
3909 Panent 1 Convalescent 0
3720 Panent 2 Acute 4+
3910 Pauent 2 Convalescent +
3735 Patient 3 Acute 0
3915 Panent 3 Convalescent 0
3733 Patient 4 Acute ]
3917 Patient 4 Convalescent ]
3622 Paient § Acute 4+
3935 Parient § Convalescent ++
3596 Panient 6 Acute. +++
3938 Patent 6 Convalescent ]
3486 Panient 7 Acute RS
3945 Patient 7 Convalescent ]
3617 Panent 8 Acute +++
3946 Panent § Com alescent [
3952 Panient 9 Com alescent +
3954 Panent 10 Con alescent
3963 Patient 11 Convalescent 4]
3969 Panent 12 Comalescent [}
3981 Panent 13 Comakscent +
3082 Patient 14 Convalescent +
3983 Tau nt 15 Convalescent 0> (TCi ++4)
Drtroit 6 passage contr ol and el control 0

A t3t08lay pard onval ot 30040 diys comal scent
19t 40 day

4 Prel min tv ¢ sult basedon 2 pas ag s for final report sc Ad
dendum

be more mrhed and the wolations more definite from the acute patients
However these recorded resules are based on onhv two passages Thev
were decoded prior to the usually required three passages (negatine or
| wie) order to have the dita for presentation at this tme  Additional
tudies ar¢ In progress and 1t s antcipated that they will confirm and
extend these preliminany results, but even so there 1s httle doubt that
thy studs alone strongly indicates the valdity of the technique  Of
speeial inerest 1s further work on sample P3g33 which showed 2 marked
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TISTING OF CODID LABORATORY SAMPLES RICTI\ ED FROM
DR F DONHARDT CHILDREN S HOSPIT AL, PHILADLI PITA

Sam ple Decode{ Deseriprion Results
Numiter of Somple oy O
Pyt PasTC: Phrla 16 +++ (@)
Py2 Detrait 6 contre] Plula TC, +++ ()
Py To- posune PI} Phula TC, +++(5)
Py g To-12 negase PD Phila TG, +++ (8)
PAS Py 2 positne PD Plals 1Cs +4 (8)
PAs6 Detroit 6 conerol Phala 1C, +++ (5}
PA7 Detrort 6 control Pluls TCy ++ (6)
Py 8 MR T Cen Phtlz TG +(6)
Pi9 Py 7 negatne P Phela TCy +(6)
Py IO HeLa control 0(3)
Py Deteore 6 conerol Pluls TCs 0(8)
Py 12 B cell control ?
Cell comeol PD 0(8)

O cells overgeen Detroit-6 and replaced them i the cufture

cultures of Detroit 6 cells handled 1n Philadelphia 1n the same way as the
sceded cultures The finding, of typcal depeneratton in three of these
control cuttures probably explans at least m part the poor results ob-
tamed by the Philadelphia group  Similar control problenss have occurred
m our studies and will be discussed shorth  Passages 1o and 1 were
control fluds from frozen and thiwed cultures of muahgnant cells— 10
were from Hel.a and ¢ from a cell ongimatine from human leukemic
bone marrow Both of these controb were clearly negatine but 1
eudent that the B cells were not hilled by the freezing, and thawmg
stnce they grew out and replaced the Detrott 6 cells in our culrures

From these tvwo studses it appears that the problem of obtaining repro
ducible results m different laboratories has not been sohved It 1s esident
thar both at Y ale and Phrhdelphia there has e been problens in mamtainmg
control cultures m good condinon and this naturally has resulted 10
some discouragement Spontaneous degenerative changes as well as ap
parent loss of sensitinity of the cultures have been the difficultes in
establishing the svstem an other haboratories Ve have been able to
partially control these factors in our laboratory as will be discussed but
thev cannot be mimmized as a serious dravwbach to the extensn ¢ apphea
tion of the technique at thus ume

Dr Joseph L Melnick of Yale Unicersity has supplied under code
samples of acute and com alescent serums from an outbreak of epidermc
infecuous hepauus (Table ) Agents were obtamed auite readilv from
6 of the 8 acute serums and less definirels 5 of the rg comalescent

specimens (19 t0 40 davs) were posttne The entent of CPE appears to
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an alternate cell hine and Table § summanzes these trals Cells from 11
different tssues of a number of human embry os have been tested but at
the tume these data were compaled onls the ecll culture PD3gT had been
found to be sensitne Hela ammon and possibh - Detroit 116 hate
shown some promuse but the results have not been consistent or clear cut
nor have we been able to maintan CPL on passage

The best control has been obtained by pretesting each batch of serum
before prepanng the pools to be used for cell cultnation Table 6 gives

TaeLr §
TISTS OF TC YST\BLISHTD CLIL LINES AND PRIVIARY

GROWTHS TOP SINSITIVITY TO
HFPATITIS AGENTS

Tissue and Source Namler Results
of Tats 0 7 4
Human embryo (Parke Daus) 2 18 2 1

Lune shin testcle Inee hidney spleen
trachea utcrus adrenal ece (Parhe Davis)

TieLa (Svrerton and Microbiol Assoc ) 12 305 4
Human ammion * (Parke Davis) 18 TR
Dercorc 116 (Burman Stutberg) 13 01 2
Detrout 96 (Burman Stulberg) 13 L o 1
KB (Ta to) 3 111
MAE (Vherol ol Assoc) : o1
Deeront 6 Calf (McCollum) 4 2 11
Human Iner (Chany, and Aicrobio! Assoc ) 7 50 0
Detrort 56 (Burman Srulberg) 7 7 0 0
Chan,, conpunctina (Microbiol Assoc ) 2 2 00
Intestine (Microtiol Ass ) 4 4+ 0 0
He 1t (Melnuch Moorc) 2 2 0 0
Human buer (Parhe Davis) 2 2 0 0
M ohoy hidn v (Parke Dauis) 3 3 0 0
Chick emtry s (Parke Davis) 1 1 0 0
Darr 1 6 (Microtinl Assoc ) 1 100

P yorg whs
Tamr 6

SUITABILITY OF STRLMS SUPPLETD BY 5 BIOOD
SERVICLS TOR CLITIVATION OF DITHOIL 6 C1ELS

"o Numtber Uneant foct ry St fuct 1y

N e oftms  Pome 1w Numler” lerCont
"* 14 -4 3 87 76
DB 18 47 10 17§ 69
MR 191 29 s 159 8.
S\ e s 1 % 75
B 13 3 o 6
Summury 10 I o 553 76
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and carly CPF on first passage and then was negatine on second passage
‘This pattern 1s not uncommon for rsolatiens from comalescent serum and
frequently on further tramsfers a transmnsible agent may be established
producing a typical CPL. We believe thus t pe of isolatton pattern may
be due to the presence of bath Ingh concentrations of antibods and agent
m the sume serum sample 1t can be duplicated by aruficrl anuserum-virus
mixtures as will be shown in the ncutralization test results (Note
Addendum p 168 )

Spontancous degeneration wlich 1s on occasion associated with pick up
of 2 transmussible agent and what scems to be spontancous loss of sensi
taty of the Detroit 6 cultures are major problems Unless they are recog
nrred and controlled the validits of expenimental work mav not be
accuratels interpreted Both of these problems as previoush mentioned
have been seen Iy us and they have occurred in other laboratories try g
te duplicate our work It scems not unlhels that they are both related to
the requirement of ingh concentrattons of human serum in the growth
medium It 15 well known from the eprdennological data that there must
be a luh carner rate of hepattis inducing agents 1 serums from the
notmal populition  therefore this could be the basis of the problem It
has been a practice 1n our laboratory to maintain multiple cell lines of
tmportant cultures on media from different sources and onls becse of
ths has a sensitne culture of Detroit 6 cells been retatned  Cufture hnes
hase been lost from spomtaneous degenerition duning prsiee possibly
beciuse of the chance presence of virus i the growth mediom Other
Imes after varnble periods of poor growth recover bur with loss of
sensitrvits possibly m this case the more susceptible cells m the populanon
ase been destroved by a chance piclup while the more resiseant cells
hase repopulated the culture I mes growing well in one paol of human
sernm mayv spontaneouwsh  degenerate when transferred to horse serum
maintenance medium or a new pool of human serum Ve explan this on
the basis of the presence of both virus and antibody 1n the human serum
pool used for growth —the cclls being mfected but the effect of the
virus being masked unti the antibody 1s removed by replacing the medsum
All of these maturally occurring phenomena have been duplicared expent
mentally by passing Detrott 6 1n the presence of various combnattons of
positine and anuibody containing serums

To eliminate these difficulties the obi rous solutron 15 to adape Detrost 6
cells to artfictal medta or ar least to media without human serum How
ever to date all such adaptanons tested have not been smeable for use
because of reduced sensitiviry - Table 5 includes the results of tests on one
such hine adapeed to c1lf serum medumt by Dr AeCollum This hne is
not sensicne the one test recorded as positive was not © pical CPL 2nd
could not be passed or reproduced Another possibiliey has been to find
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specsmens If additional blind passages were made of bmh the posm\ es
and negatives the rel hip mught be

Oner 200 probable 1solates are now available for study Induded are
thase from hepatitis associated specimens normal serums  spontaneously
degenerated control cultures and 1sofates trom other hboratories These
ssolates all produce charactensti~ degeneranve changes m sensitive cultures
of Detrost 6 cells but bevond this thev have not been classified The
properaies of some of the 1solates from hepautis cases have been studied
but much remains to be done After tharough homogenization to brek
up the cell debrs the agents were pas ed easily through bactena retamng
filters bur s0 far nesther ultracentrifugation nor electron microscopy have
contributed additional information on size Attempts by several routes to
produce pathologs 1n embryonated eggs newborn and adule mice and
rabbits have all been unsuccesstul In addition 1t has not been possible
to produce antiserum in expersmental ammals The small quanuty of
antigen produced m the cultures — mnfectnaty rarely exceeds 10~ —ma;
well account for these fulures Before conunuing studies of this type
better methods of cultivation must be deyeloped

Some mteresting worl with heat inactivation 1 m progress ‘The thermal
thactivation pomnt seems to be at about 75 C Inactusation at 6o C
1 sery slow with trace amounts of activity sometitnes demonstrable after
20 hours i some preparitions though usually activary s Jost 1 about
eight hours A recent finding 1s an apparent tenfold to thires fold increase
m activiey after heating at 60 C. for one or two hours Incidental to this
observaton we have retested one of the negatine serum specimiens from
acute 1¥1 (hsted as negatine i Table 1) after heating at 60 C for one
fhour An apparent 1solation has been made and 1s bemng passed Two
previous salatton attempts With this serum without the preheating were
negatnve through three blind passages This observanon if confirmed on
further studv tmght be of considerable value m cultnanng and testing
for agents of this group

Neutralization of the charactenstic CPF can be readily demonstrated
m comalescent serums from TET bue limited neutralization tests on coma
lescent SH serunw so f1r have not vielded defimtine data

Table 8 summanzes the protocol of 2 © prcal neutrahzation test with 2
14 month comalescent serum from a case of TH supplied by Dr Joseph
Boges of the Childrens \femonal Hospital Chicago  Half log serum
dilunons were tested agmmst three o prca) solates from acute TH speer
mens Culrures are read dahy but onlh those on the fourth and seventh
danvs are recorded The MR, test s fairls straightforward o CPF in the
toxt ot control had shown up on the fourth dav bur on the seventh day
a tlear cut neutralization endposnt 1t about 1 3 o was evident The Pas
FRENT Was neurrahzed at 1 100 on the Frurth dav bur vrus breakthrough




161 Virology and Epudemnology

the results of tests on serum from 730 pints of blood obruned from five
blood services 1n the Detrow-Chicago area The test used was to attempt
to grow known scnqttve Detroit 6 cells 1n 3 4o per cent concentrarton
of the test serum A total of 151 positives has been found  Posune 1n
this sense means the cells grew out and then spontancously degenerated
or degeneratcd when changed 1nto horse serum mamtenance medium An
addinonal 6 are bisted as touc indicating that no cell growth occurred
Passages of most of these possible 1solates have not been attempted nor
have tests on ather cell lines or 10 arumals been made to exclude bnown
truses such as the Icho group Abe some of the tovics could very
kel be reclassified as positnes 1f passaged But in spite of all this 1w 1s
interesting that the ratos of sanisfactors serums are quite consistent from
group to group and correspond closely to the percentage of negatnes
found by more chborate procedures on the 1H convalescent serums
Since using only such pretested serum in the cell culanvation there have
been fewer unsatnfactory tests and loss of cultures Currently in progress
are control passages of frozen thawed and mechameally ground Detroit 6
cells that have remained negatis ¢ after five sernl passages 1n such a senes
of cultures 1solations from clintcal specimens have been made and man
taned without difficults, However the problems arc not completely
ehnunated by this procedure and muluple cell lines are sull berng man
tained to wsure contintation of the studs
The data presented in Table 7 must be considered as prelminary be

cause of the smill numbers imvolied but the trends indicated are of
considerable importance It appears that the rauo of CPL positives may be
propornonal to the ihirubin content of the serum Bilirubin per se does
nat affect the cells A sumlir reltonship to thymol turhidity has been
demonstrated but this so far 1s based on only one passage of the serum

Tase 7

RFI ATION OF Bl IRUBIN 1 FVELS AND TH MOL
TURBIDITY OF NORMAL SFRUMS TO PRODUCTION
Ol CPC ON DIIROIT 6 CILLS

Range af Serum Biltruln mg %

<05 as5-{¢Q 1045 >17
‘Number tested 5 2 6 4
Positine * [} 1 3 3
Thymel Turbidsty Shank Howgland Units
2 48 10+

Number tested 28 12 7
Poutne 1 6(1%) 4(33%) 3(#3%)

Confiemed by passioe
1 Not passed
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Tase 9

HOMOI OGOUS NTUTRALIZATION DEMONSTRATING
PROZONE-LIRF LFFLCT AT 10W SERUM DILUTIONS
Pom 11 Months Pom 1t Alonths Car 10 Months

Comualescent Serum Comalescent Serumt - Conualescent Sevient
Serum

s s s
Dilution Pom TCuo G TGy Gar ICs
14 o+t ++t 0000
18 400 0000 0000
116 4000 0000 0000
132 0000 0000 0000
16¢ 0000 0000 0000
1128 0000 0000 —
\C +++0 +++0 o+t
sCaa 0000 0000 0000

The antigens used were tvpical ssolates from cases of mfectious hepanus
The first serum (RK;) was obtamed prior to startng the work on
hepatitis and the second (RK;) from the same person durmg earhy
comalescence from a febnle disease which developed 10 months after
starting worl with these agents No jaundice or evidence of hepatic
mvohement occurred and the duagnosts of infectious mononuclensis was
made on the basis of the laboratory and chmcal findings The remaming
three serums were obtamed at the same time as RK, Note the different
patterns of neutralzation Rk, and HJ did not wtubit the CPT of any
of the agents FT neutralized but the most striking result 1s the com
panison of RK and PS This was our first indication of serological dis
tinctions between agents of this group Incidentally RR now exhibis
lugh level antubodies to both MR, and  Pas

The type of neutralization test just allustrated his been used on & larger
scale (Table 11) to demonstrate antiyenic differences and simbirities
between a number of representatinve passated agents and CPL producing
serums or stool extract before tissue culture pasage This technique has
senous limitations but at the present time 1t 1s the onlv means avnhible
for indicating that there are distinet sernlogical groupings of these agents
A to} represent five scrums tested at a 1 o diluton aganst 16 virus
samples representing 2 broad sclection of 1solates at vanous srages of
ussue culture pasage The scrums are A 3 months comvalescent SH
B o months comalescent IH (Yale) C ¢ weeks comalescent [ (Cer
mam) D normal serum (Table 10) known to mhubir MR, 1nd  Pas
1. a hter bleeding from RR (taken to months after R ) and F a

normal serum previoushy testing negatne vs MRy and Pas The fime
eight anugens appear to make up a rather homegeneous group Al are
neutralized at lent parially by the known anti erums A through L. The
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TasLe 8

NLUTRALIZATION TLST IH CONVALESCINT SCRUM  HAR
{1+ MONTHS)

Agent and Passage (Fourth ani Seently Day hea fings Reported )

Serm Contr It
Dilutton MR1 TG iy TGy G ICa Serum
4 7 4 7 4 7 4 7
132 T
110 000 000 000 44+  H4d+ 44+ 000 000
132 [e14] 000 o0 440 o S 000 000
1100 000 000 000 ++0 oo 000 - -
13%0 o0 ++0 000 +++ 000 000 ind -
1 1000 000 4++0 000 4+ - [ —
1 3200 000 ++ A0 A++ 00 44t — —
1 toone 000 +++ A+ A+ 00 b~ —
Controls 000 +++ A4t A++ 000 A4

‘g\
i

Gl

Cultures contamenared with s cast not readable

occurred in nearls alf the tubes by the liter reading To get reproducible
results we have found 1t necessany to read the tubes dul and detenmine
neatralization w hen the virus controls are showing ahout one ta two plus
degeneration The  Gar™ tese tllustrates the curious prozone lhe results
that have been ebserved with certain virus antiserum mnteres The
appearance of a strong  posunc n the higher scrum concentrations m
about two davs with negarine serum controls and before the virus con
trols show anv chinge 1s charactenistic V3 e ctnnot explun this phenom
enon but 1t scems to be a socrated m some way with the formation of
an antigen anaibody  complex and 1t 15 only scen when the serum
neutralization tieers are quite high Simitic CPE responses have been
noted 1n tsolation attempts on convalescent serums and on passage usually
an ssolation can be confirmed Please note that thus convalescent serum
showed an eirly CPI m the 1 3 dilution of the serum controls Sub
sequent blind transfers of these controls resulted in 2 defimite ssolaton
after two questionable or plus annus passiges Unfortunately the supply
of this partrcular anuscrum his been exhausted so neucralization of the
ssolare with the source serum has not been attempred

Results of a neutrahzation test of two wsolates from acute IH serum
by therr homologous comalescent antiserum 15 gaven 1n Table 9 Agam
with the Pom serum the prozone tihe phenomenon was demonstrated
but 1n this case the serum controls are satnfactory A two month coma
lescent serum from one of these patienes (Pom) was positne for agent
and negatne for antibody !

Different pattemns of peutralization with 1 4o diutrons of stored ref
erence serums from certain laboratorv personnel are shown m Table 10
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are certam similanues in the pattern of these three specimens The last
tuo samples are from acute TH and do not appear to be neutrahzed
completely by any ot the serums this however myy be purels a matter
of virus concentratton rather than antiganic consutution On the basis of
these results however USA TCy (number 16) seems to have shufted
from the pattern seen with the sime materal at the TC. passage level
{nomber 2) It s possble that another agent mav have been pict ed vp
m the mtervening ussue cujture passages but further worl will be re
quired to clanfy the point

Twill not attempt at this tme to review and correlate the findimgs since
much substanuiation and additional data are necded O the basw of these
data we cannot be sure that the virus of hepatis 15 being cultnared but
1t 15 not unhkely and certamly further worl 15 indicated However there
15 one more thing befare closing We have been mtrigued by the marl ed
cell speofiaty exhitited by these agents Wiy of all the cell lings tried
m our laboratory and elsewhere has onlv Detrot 6 grnen reproducihie
results and this onlv under ngd control of the cell line and passige
conditiony? Powibly 1 establishing celf fines everyone has i some way
been sefecting nomsenwitive cefls If this were the case one must hy pothe

CELLS Plus MR, TC 12

Tiv s

R
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Taprr 10

MUTRAMIZATION TIST O\ SIRUMS FROV
LABORVTORY PIRSONNIL

Aeents Lestet Control
Sertm 1 40 Gir TC het 1€, Lo TC, URITC  (Sriom)
RRy (Prc pro ram) 4t +++ o0
Rh (Lach comales
cence) +00 ++0 ++4+ 000
1 (istony 1HD) 000 000 oo 000 000
PS  (\eLatnchrmn) +40 440 o000 00 000
] Ovqatnchistory) o+t B kA oo
Control (CLPF) 4+ o +++ e+ (Gliow)
Tamr 3

NLUTRATIZATION PATTIRNS Q@ SINIRAI PASSACID ACTNTS
AND ORICINAL SPICIMINS VS SILICTID HUMAN SIRUMS

CPF
AAgents Tested Serums 1 50 Control
ABCDEF

1 MR, TCu \cure H scrum 0+ 000 =% +
2 LSA TCs veute 1H stool 00000+ +
3 Har TCs Convalescene I serum 00000 % +
+ o€ 1C Plama producing, SH 00000=% +
§ o€ Onnal plasma producing SH 00000+ +
¢ M Ongmal pennsculaacn SH (A /0) ®xx 000+ +
7 M TC | sonxaln nSH (A 0) x4+ 0 0 = % +
8 M T, Postcr SIT (A 65) £ x 000 = +
9 Pom TCs Acure I scrum = 0 0 + £ + +
10 Pom TC acutc IH scrum &+ 0+ 0 & +
oI mamalscant TCroomalescent I scrum o+ 4 0 4 0 & +
12 To- TCa HIsiool + 00 0= +
13 Py On mal 117 stool + 4+ 4+ 0+ + +
14 Detroit € eonerol Phula + & £ 0 + 4+ +
15 Sal TC IH e sorum EE I +
16 LS4 T Acur TH stool ++ =+ £ x +
Scrum controls 000000 4]

Cellf

first tw 0 anuigens are  preal isolates from acute 1H speermens and  Har

15 the 1solate from the convalescent serum shown i Table 8 4 and 5 are
the fourth tissue culture passige of a plisma sample known to produce
SH and the onginal plasma sample from which 1t was solated The nexe
three samples are from Dr Murrs s studies on SH They seem closely
related but somewhe disunce from the others Agents ¢ 1o and 11 are
an eatls and later passage of Pom  and an isolate derived from an early
comvalescent serum obtamed from the same panent The next group 1

through 14 are all derned from materials from Dr Henles laboratory

Note that 4 15 from Detrost 6 concrols passed m Phihidelphia There
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Studies on the Hepatitis Virus*

SVEN GARD MD and ANUT ALIN MD
(Stocl holm  Sweden)

A systematic study of the etiology of ifectious hepatti has been
carried on at the Department of \irus Research in Stockholm for more
than five vears The interest has manby been focused on the possibilits of
wolation of a transmussible agent 1n cultures of human embryonic tssues
The worl. *as not vet vielded unequisocal ot conclusive results In spate
of this 2 summary of the observations made mny be justified

The tissue culture experiments were carried out by Dr Knut Ahn
who will Jater publish a detailed account of his work Systemanc at
tempts at ssolation of a virus in cultures of different human embryomc
tissues were jtrated 1n 1952 In his first experiments Aln worked with
lun,, fibroblasts 1n plasma clot cultures A dozen stool samples and a few
serum samples all collected 1n the acure phase of the disease were ex
ammed On no occaston was 10y cyvtopathogenic effort of the mnocula
observed After tins evperience Alin turned lus attennon to hver cell
cultures Two shghthy different culture techniques hnve been apphed

In carher experiments we had encountered certain difficulties i at
tempts at trypsimzation of embryvome tnsue Verv often the addition
of trypsin to mimnced tissue caused a congelavon of the matenal or of
the cells were obtained 10 suspension they usually exiubiced a strong
tendeney to agglutinate and ther capacsty of growth was often poor
Tor the preparation of glass grown cultures we had found the following
techmique useful A weighed amount of tissue was finely nunced and
suspended 1n the fluid medum Codrse matter was removed by passage
through a fine ny lon mesh The suspensian was then diluted to a standard
density and dntributed m t sue culture tubes wlich were hepr stationary
1 2 horizont1l poswon at 37 € After  to 4 davs the cells had wsually
become atrached to the ghss wall and were raptdly growing, Not onh
epithehial bur alo glass grown ibroblast cultures were easihy obtained

In tus fiest series of expenments Alin employed this techmgue Tmbnyos
of an age of approvmately 4 months were used throughout The flud
medium consited of boving amnone flnd or Prrker 199 with addstion

The v 1% here deserhed was aded by grants from the Rar hoska Inst rute
Rescarch Tund
169
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cite two factars first sensitne cells must be of humin ongin and for
some reison require human serum for growth second as we hase dem
onstrated many human serums must contan virus Iike agents that could
mhibit the growth of the sensitive cell component of the culture After
a relitnels few prsages in such scrum onls nonsensitne cells would
reman to be proprgated Thus the muntenance of sensinaty of the
Detroi 6 culture would be due to a fortuitous comlnnttion of crcum
stances 1t solition and n carly passages \lorcover of this I pothesis 1s
correct one should be able to unlze sensitne Detromt 6 cells as a ool
for preresting nd selecting negatne serums for use i establishing new
cell hines from human tissues W hen establshed such cells should setan
their sensitnaty Froure 3 shows the results of such a procedure In
addition to this humtn embry omic lung cubere a liver culture prepared
m the same wav 15 ako sensiene The degeneritine changes are 1y pical
and we truse that sensinsits will be mantained through continuing
passages with good serum of these normal hunnn cells One naturally
wonders 1f the problem lustrated here miche not well be the difficuin
standing n the wayv of the cultnation of a number of other mportant
1ruses
ApbFapusi

A further passage of the specumens supphed by Dr Melmich has now
been completed (Table 3) Samples 3733 and 3735 are defimtely posine
and the agents ssolted from the other acute specimens passed reidihy
Third passage of 3953 however remuned negatne Al of the acute
pectmens have now been shown to be positne making the result even
more suggestne
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tion was hmited to t5 to 25 nunutes From such suspensions 1 good
growth of hner epithelium was obtaned while fibroblasts were few and
poorlv growing Lactalbunmn hydrolyzate or Pacher 199 was used and
cultures were initiated with 1o per cent human serum

So far 15 stool samples and ¢ serums have been examned with this
techmque in altogether 28 attempts at solation The results have been
largely simlar to those 1n the first series Degeneration of primary culrures
was observed on 12 occastons 1t was reproduced 1n 11 of 1 attempted
first passages m 3 of 11 second passages and then petered out The
following description may serve to illustrate the findings

Patient SB male 53 years old First symptoms December 3oth jaundice
January 6th blood sample collected January ,th A set of five culture
tubes imoculated with o 1 ml serum showed degeneration en the fifth day
after moculation On passage signs of degeneration were observed on the
seventh d1y on the ninth day 3 plus degeneration was recorded 1n one
tube and shight degeneration 1n two more In the next pissage shighr de
gencration developed 1n two tubes on the fourteenth to cightcenth day
In the third passage one tube showed 3 plus degeneration on the fourteenth

2y and one more became degenerated on the exghteenth In the fourth
pssige one tube showed some degeneration on the sivth day on the
eleventh day both ineculared and uninoculated cultures were showing
signs of d A further i remamed negatne

In most cases tissue culture flud harvested from degenerated cultures
served as mocult for subcultures Some attempts were mde to obtun
more regular results by using trturated tissue instead  Tlhis procedure
did not improve the results howeser

The most marhed effect of posne nocula was mhibiton of cell
gronth In addinon degeneratne chinges were observed such as swell
g granultion and loss of structural detuls and staining qualiues Some
times the cells cotlesced to form multnuclear svneytial masses None of
these chinges had amv speaific charicrer however the sime phenomena
were obsenved in uninoculated cultures when kept for a sufficienthy long
period of tme

The evalurion of these obsersations 1s difficult A carry over and
gradunl dilution of 1 toxic sutntance has of course to be smcercly con
sudered This would be a natural explanition as far as stool pecimens are
concerned It scems sumew hac less plausible 1n the case of serum samples
howerer unce 1 large number of scrums from hetlthy perons munh
blood donors have faded to produce simlar changes Sull an adverse
cffect of 1cterc serum must be borme m nund  Adequate controls with
matern] from cases of jaundice of nonviral cuolocy have not vet been
carned out

Abn has conudered the posabality that the more dutferentiated cells
from adult fu ers nuche be more witable for demonseration of 1 ¢y topatho
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of sov bean mhibitor  Approvmmatels two-thirds of the cultures were
grown m rooster plasma clot as roller tubes the remainder were glass
grown and hept statonary The cultures were imttated with additron of
40 per cent humn serum or 1o per cent horse serum After 3 to 6 davs
mcubition they were washed with and further mantamed in scrum free
flurd with change of medium evers 4 dnvs
I this series 3 stools and 1 serums were examined Specimens were
collected dunng the period Autust 19y4-November 19,5 from patients
hospitalized under the dignoss of acute mfectious hepants They were
stored at — o C. or —6o C, unul used Cultures were moculated n
connection wich the first chinge of medium and weee then olweried for
at Jeast ¢+ dws or as long 1s uninoculated control cultures did not show
wgns of degeneration Somie cultures could be mamtained for up to 3
weeks
Inroughly ha)f of the inoculated cultures degeneranon of the epithehum
was observed at a tme — wsualls 5 to 1o dws after mnoculation — when
the control tubes sull remained normal In such cases passates were per
formed and continued as long as degeneration appeared n the subcultures
The changes obsernned 1n the il culeures could not reqularly be
reproduced  however Somctimes the phenomenon was repeated on
subculturing but the changes tended to oceur later and to be less pro-
nounced i erch subsequent passige
However one t ble 1gent was established in this sertes A stool
stample collected on the fifth dav of illness from a tvpical case of 1
fectious hepantis produced degeneranon m 3 out of g scts of cultures
Onh one of these gave rue to similar chinges m subculeures In further
passages the ¢y ropathogenicity incrensed gradually  the incubation penod
decreased and fimily not only epithenl cells but also fibroblasts were
attached
In complement fization tests serum from the patient has consistently
yiclded negative results even late n the comvalescence Several other
contalescent scrums as well v a number of serums from normal adults
on the other hand fix complement with this stran \o sy stematic attempts
at vy ping wathin the Consackie and Echo groups have as vet been carned
out The wdenuty ongn and sigmhcance of this agent are thus sull
obscure
The tissue culture technique used n the first series of experiments was
not entirely satisfrctors I nver epithelum was never obtaned n pure
culture fibrobhists were alwavs present and tended to overgrow or inhibit
the growth of the lner cells When therefore an outbreak of about 6oo
cases of hepatitis 1n December 19,5 provided abundant maternl for
further experimentation Ahn decided to chinge his methods Tt was
found that satisfactory cell suspenstons could be obtamed 1f try psiniza
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The Growth of Organ Cultures of Liver
and Their Use 1 the Study of Hepatiis*

FREDLRICK B BANG MD
(Baltmore Maryland)

When human embryonic Ier nissue 15 cxplanted into roller tube cul
mrcs with I\unnn cord serum there eventualhy results 4 mrxed outgrowth
of fibrobl elements phages and cven cords of
epithelial cells These are arringed as hver cells might be expected to be
1f made to e within two dimensions However the fibroblastic or other
elements of the culture eventually overwhelm the central organized por
tion A procedure such as try psinizatton which frees the epithehal cells
at the start mayv yield a higher proportion of liver parenchyma but also
wualls yields 4 lay er of disorganized separated cells appearing 1 sheets
often monolay er an thicl ness

Those types of uissue culture which favor the continued matntenance
and growth of celly 1 an orgaruzed state so that they presenve their
morphological relitionshup ene with another are usuallv called  argin
cultures  When the morphological eniteria include the presence of cibia
and the secretion of mucus by epithelial cells 1t 15 obrious thit a large
part of the funcuonal actvitics have 1lso been preserved There 1s dis
agreement among organ culturnts as to whether active mitoss helps or
hinders the continued organization of these cell colomies although tota)
cell mass may not 1lwas s merease but mitovis 15 certanls usually present

Probably one of the requisites of 1 successful organ culture » that the
ongmal group of cell be hepr in some close relationshup to each other —
and this preseryes thar organization

Organ culeures have been used predonunantly to studs the development
of morphological units of the whole and albo used by embry ologists who
were mterested mn understanding the potenuthtics of vanows speaific
tissues of the embrio Thes have abo been successfully used to studs the
mterrehaonsinps of endocnne glinds including the ovanan teses e
lationship However unul recenthy they have not been wsed to study the
basic problens of speation of mfection Dunng the past verr | hie
been studving with Dr N\nven at the Natonal Insorute of Vedical Re

Supported by the Armed Ser es bi femn ) ncal B ard
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gemie effect of the hypothetieal agent He his therefore attempted to
establish cultures from maternl obtained by hver biopsies In most cases
these efforts have faled as 2 matter of fact only onc successful expen
ment his been recorded so far For this reason no svstematic studs of
the question could be carned our

Lateh we hue ted 2 new approach to the problem of cultnaung the
virws moaitro The above mentioned nutbreak of some 6oo caves of n
fectiows hepatinns could be traced to ovsters as vehicles of the infection
On the bsis of the observations made 1t must be sincerely considered
whether an acturl multiphication of the virus mas not hive tahen place
the infected oyvsters As a first attempt to obtam an answer to this question
we hue tned to establish ovster tisue 10 culeure This has proved to be
much more difficult thin ongmally evpected On one or two occastons an
outgrowth of sheets of extremely smll epithehum like cells was obtaned
The results could not be reproduced however and 1t x5 sull an open
question whether or not the growth realls consited of oyvster ussue

As 2 preparation for work on line ovsters and 1bso for purposcs of 1den
tification of anv suspected agent presumably propagating m liner ussue
cultures we have carnied out some experiments with the fluorescent ann
hody technique A fluorescent rabbit anti gamma globubin was prepared
It reacts 1n high ticers with gamnn lobubn and gies a clear gel preeipita
non pattern with ws homologous antigen In tests wath hepatinie hner
trsue a rather diffuse fluorescence of the Iiver cells was observed In con
trols not pretreated with gamma globulin a sumlar pcture was obscrved
So far we have not heen able to deteet any mdicanion of a spearfic resction

To summarnize the search for 2 method to establish the 1gent of m
fectious hepatits in ussue culture has proved rather frustrating It would
seem however that the observations here reported ment some further
evamtnation
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The Growth of Organ Cultures of Lrver
and Thewr Use w the Study of Hepatitis*

TRIDLRICK B BANG MD
(Balumore Alan land)

When human embryome Iner trssue 15 explanted mto roller tabe cul
fwres with human card serum there eventualiy results a mived outgrow th
of fibroblast hematopotenc elements macrophages and even cords of
epithelal cells These are arranged as Iiver cells might be expected to be
A made to bne within two dimenstons Howeser the fibrobh tie or other
eluments of the culsure ey entunlly overwhelm the ccntral organized por
tion A procedure. such as try psintzation which frees the epithehl cells
atthe start may yield a hagher praportion of Iner parenchyma but alse
stally yelds a layer of d 1 sey d cells apy g tn sheets
often monolay ex 1 thichness
03¢ types of tissue culture which favor the continued mamienance
growth of cells 1n an organtzed state so that they presene their
morphological relationslup one with another are usualh called organ
cultures W hen the morphologieal cntera anclude the presence of wba
and the secretion of mucus by epithelial cells 1 15 obvious chat a larce
Pare of the functional actitties have alo been preserved There 15 dis
avftement among organ culturrsts as to whether Jctine mitosss helps or
hinders the continued organtzation of these cell colontes although toral
<ell mass may not alwats inerease but mutoss 1s certamls wsually present

Probably one of the requisites of a successful organ cultare ss that the
onginal group of celly he Rept 1 some close relationship to each other —
and this preser es thar atgantzation,
n’(z‘fganhm;lmrc\ have been wsed predomnantly to studs the devclopment
ore 2:‘0 ng:;nl unuts of the whole and also used by embrs olognts who
o “ie:;s(c n underscandin., the potentrshines of sanou specific
rerreh c]cmlvnn They havc abo been successfulls wsed o study the
ooty ;\; upy of endocrne glands mcluding the ovarmn tests re
bane prgi;le oweser until recentls chiev have not been wed o studs the
Yo smdm:m of speaifieity of mfection Durmg the past vear | hne

" @ with Dr Nrven at the Natiomal Imsutute of Medical Re

SePpored by the Armed Seruices I demi g cal T ard
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search the wse of this ts pe of culture in vamous infections This work will
be reported chewhere but we may sav that a vanety of viruses do pro-
duce their specific lestons in culture of human and animal tisstees

Since we have faled dunng the past six vears to ger human hepatins
virus to destroy exther embryonie or mahignant huntan cells in ussue cul
ture we have started to evplore the use of organ cultures of hunan ver
m ths relation Althouch suffictent work has not been done to tell whether
such Iner cells will succumb to mfection we have been able to mantain
these buts of embry onte hver 1 cuftures of ehicken plasnit chick embrio
cxtract and have sath chick Iiver heen able to destroy such organ cultures
with the virus of duck hepitms Thus a methad of growme bnts of human
Iner as Iner s ar hand and a method of studs of an analogous infecnon
m these cultures s nathible If evenrually the viruses of human hepiots
destrov separated human cells m vitro or produce recowmzable infection
of other atimaby 1t will sull be of interest to studs the prthogenesis of 1n
fection 1n orcan cultures for they lack vascular airculation and are not
dependent upon an meact host amun for survival Probabh much if not
all of the hosts antibods response 1 absent and vet they have many of the
characterstics of the organ from wlich they are derned

The continued stubborn resstance of the problem of hepatins means to
us simply that 1t would be of value to have more people study 1t and with
that in mind we make no gpologs for telling v ou of our present mcom
plete work

Hunzn Finlryome Lt er Tmbnvos vanmg in size from a few centt
meters to perhaps seven months of development were used The majorits
of these were obttined within several hours of the operation and were
used shortly thereafter Dits of ussue cur with sharp kanves were placed on
a ravon (cellulose acerate) net which m turn was placed on 2 chichen
phsma clot in a watch ghiss The enure culture was hept in a moist cham
ber and handled essentnlly according to Strangewavs Laboratory tech
miques The cultures were incubated at abour 36 C without CO Thes
were transferred one to two tmes per week

W ithin the first two davs the rough irrequlir edae of the prece of ex
plant was converted into a smooth even partially translucent edge If the
tssue hid been pluced on 1 clot the piece soon flartened sent out wander
ing cells which clung to the strands of ravon and cemented the twsue to
the net so that transfers to subsequent medin which often included wash
ing of the tissue with balanced saline were facilitated Other cultures were
maintaned on 2 iqud medium obtuned by grinding a plasma embrvo
catract clot n a glass grinder These cultures rounded up and often had 2
more transtucent edae than their coller ues on the firm clot However a
companson of the appearance of these cultures 1 scetion shows that this
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mav be mt leading for this rounding of the entire eaised culture occurred
despite the conttnued presence of lirge necronc ares i the center of the
caltere The present scctioned matennal indicates that a lirger proporton
of b sty ormanwed cells was obtamed by grow th en firm plym clors
The embry onic v er cultures are org tazed into tw o major components
which are eauh studied i section They are of counc the Iner cells
themselies and the hematopmetic system The entire culture v covered
withathin Inver of epithelul cell and bielow this are enrds of Iner cells
mreed with macrophages, which continue therr actinats of swallowing red
eclls and com crting them snto prament The hikes of hematopoios wiuch
tho con ain formed red cells are wswalls bordered by thin endothelial
aells, poane the entire culture a picture much Iike crpilfanies
We have not mamtamned these cultures hesond three weeks but have
S1ec made oo consistent effort 1o dn so with fiver cultures Marnovitch
records the disappearance of the necrotic central ares and the reorganiza
o of the s oung rat pitwtary during a penod of two months of culna
tonby 2 sheheh different method It 15 difficult to generahize about the
# parance of the culrure as an ndication of healthiness but coherence
ndsmoothness are characterstics of healthy cultures There v however
#verno subistitute for adequate <cctioning, Tor example buried within a
Porhy noursshed culture one may find islinds of Iner cells
‘ﬂx:h)u‘x:): Dlrlﬂ\ recenth begun to study the crowth and sppearance of
o 1 ner i such cultures 1We have no datr on the posible value
g mammalan serums or the relatne value of different v pes of
mbryo extract
m‘;\h:fl‘a‘;‘s‘\:dxe’? similar cultures of cluck embrye Iner so tha we
ot expdl mcc ect of 2 duck hepatites irus on these cells These grow
Denphen 4 mﬂrfamzcd cultures and often have a deeper transparent
Sl ang thcgcm- the two v pes of medi viclded somew hae different re
¢ virs of :Icct‘\mrcmrcmtmn was obtained by study of secthions
it gt vag uc. hepatitis was deseribed by Tabricant and 1 evine
Rnerined hemu%nh This virus may Wil v oung, chick embryvos with a
llcles Olger mﬂ' g€ reaction which 1s most marked in the feather
e eber m"mdmns show the results of ln¢r destrucuon i that they
% et md\ anemuc with gross destruction of the Iner or the
St br e e‘:ndrhc allantore flusd mav tumn green presumably
ectron mXCmscn Pro ;xm of hemoglobin — perhaps biln erdin
o the cellglay “CEP\ of such infected hycrs shows 2 genceral distortion
5 1 2nd the " ncc;urc but nucler mitochondrr endoplismic re
foraly ity vonucleic acid protein granules persst though not um
N uted throughout the cell \o virus particles have been seen
e
o ihnw?,;h:mlm; Agriclture Research Council «f Weslridge wa hinten ugh
6 his early work and thus stimulaced our tuly of tius virns
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scarch the use of this & pe of culture i vanous infections Ths work will
be reported elsewhere but we may say that a variery of viruses do pro-
duce thair speerfic lesions n culture of human and ammal tssues

Stnce we have faled during the past ax vears to get humn hepatins
virus to destroy either embry ome or mahgnant human cells 1n tissue cul
ture we have started ta explore the use of organ cultures of human bver
i this relation. Although sufficient work has nat been done to tell whether
such Iner cells will succumb to infection we have been able to mantain
these tuts of embrs onic fver n cuftures of chicken pisma chick embrio
extract and have with cluck liver been able to destroy such organ cultures
with the virus of duck hepatins Thus 4 method of growng Iits of human
Inver as Iner s at hand and a meehod of study of an analogous infection
in these cultures 15 walible If eventnalls the viruses of human hepatits
destroy separated human eells in witro or produce recognizable infectinn
of other antmials 1t will stall be of interest to study the pathogenesis of 1n
fection m organ cultures for thes lack vascular circulation and are not
dependent upon an mtict host anm! for survinal Probably much f not
Al of the host s antibods respome 1 ahsent and v et they hnve many of the
chartetensties of the organ from which they are dernved

The continued stubborn resstance of the problem of hepatits means to
us stmphy thae it woald be of value to have more people study 1t and with
that in mund we make no apology for telling vou of our present incom.
plete work

Hunrin Fubryonte Liver Fmbrvos varving in size from a few centt
meters to perhaps seven months of development were used The myjonies
of these were obtuned within several hours of the operation and were
used shortly thereafter Bits of tissue cut with sharp knives were placed on
a ravon (celfulose acetate) net which in turn was pliced on a cluchen
plisnma clot 1n 2 watch glhss The entre culture was hept 1 1 mosst cham
ber and handled essentally according to Strangewayvs 1 4boratory tech
nques The cultures were ncubated at tbout 36° C without CO  They
were transferred one to two times per week

W achn the first ewo davs the rough irregular edge of the prece of ex
plant was comverted mto a smooth even partially translucent edge If the
ussue had been placed on v clot the piece soon flattened sent out wander
g cells which clung to the strands of ravon and cemented the tusuc to
the net so that transfers to subsequent media which often included wash
1ng of the tissue » ith balanced siline were facilitated Other cultures were
mantained on a hquid medum obtuned by grinding 2 plasma embryo
extrace clot 1n a glass grnder These cultures rounded wp and often had 2
more translucent edge than their colleagues on the firm clot However a
comparison of the appearance of these cultures 1n section shows that this
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DESIGNATED DISCUSSION

Trovtas H Wrrtrr MDD (Boston \assachusetts) It had been mv n
tent to intiate this discussion by dwelling for a few minutes on some of the
current trends m tissue culture as they apphy to todav s subject but be
cause Dr Acl ean has so nicely brought out some of the problems en
countered m working with cell hnes we will go on to the second 1tem
that I wish to mention

Iwould like to comment briefly on 2 virus that of so called ey tomegahe
inclusion disease which we have been studving Apparentls stmilar agents
have been isolated n St Lous by Smuth and by Rowe and co worhers
Bethesda

Qur nterest n this entity began almost two vears ago when we were
supplied with ver bropsy matenal from a three month-old infant with
eudence of obstructnne jaundice hepatosplenomegaly and microcephaly
Histopathologic examunation of the biopsy showed diffuse alteration of
architecture with extensne bile stasis degenerate hepatic cells with scat
tered multnucleate grant cells as well as focal areas of ery throey topaesis
and a portal round cell inflammatory infiltrate

Inoculation of the Iiner biopsy maternal into cultures of human em
brvonic foreshin tissues resuleed 1 focal changes 1n fibroblastic cells char
actenized by the depositon of brown pigment Stamed preparations re
vealed the presence of large intranuclear inclusions Careful search of
sernal sections of the enginal Iiner biopsy then demonstrated very rare
[5 cells with int it 1

‘The deselopment of an tn vitro neutralization test has vielded data in
dicating that specific neurralizing antibodies occur frequently 1n infants
with cytomegalic disease as well a5 m a ssgnificant percentage of normal
Adults

More recently another strun of virus hs been ssolated from Inver biopsy
matenial of a three week old mnfant showing jaundice and hepatospleno-
megaly The biopsy from the second patient also showed a picture com
patible with that deseribed by Craig and Landing under the term neo
natal hepatitis  In this instance no cvtomegahic cells could be demon
strated 1n the hver section on prolonged search From the urine of this
patient virus was ssolated on three occasions between the fourteenth day
and the nmety first dayv of life Fven more recently from two addmional
mfants with signs of obstructnve jaundice similar viruses have been
1solated 1n vitro using urne as the inoculum

In view of the apparent ubiquitous distribution of the so called cyvto
megalic or salnary gland viruses the question of the possible etiologic
role n neonatal hepintss of these newlv wsolated agents muse be ap
proached with caution Isolation of virus from the dimaged lner does not
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We have shown that this virus will grow in chick embryvo Iner organ
cultures with gross destruction which s produced by the virus Thus
despite the lack of detailed cellular studs 1t does scem possible to follow
the effect of the virus i organized ussue cultures Yet before organ cul
tures mav come into full use better methods of deternuning the effect of
struses on these cells are needed

In summary  human and chickh embrs onic liver when grown mn organ
culture reram a lirge dearee of thewr onginal orgamization w hich includes
the formation of cords of lnver cells hematopoiests and endothelial lined
svascular arezs Although such cultures are best studied by histological
sectioning gross changes caused by destructne vinuses may be observed
directhy
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to a mather whose serum on two occastans m over a 3a month mterval
had produced hepatitis in volunteers The infant developed the disease
whateser the hepatitis was —and we beheve it was probably viral hepa
titis — after about thirteen and one half months and died at 18 months
The serum of this child at 6 months produced hepatitis with jaundice 1n
some volunteers and hepatitss without jaundice in other volunteers

This suggested to us resulting presumptive evidence We fully agree
that serum hepanitis had occurred 1n the mother who had negative liver
function tests throughout on all cccasions on which she was tested and
perhaps she had transmutted the disease to her infant through the placenta

I think there 15 one other possibnlits 1 such a case the virus of hepattis
nught haie been transmutted by means of the spermatozo from the father
Ve particularly selected this case because 1t was a case of Cesarean sec-
non delivers The infant had no contact with the birth canal so we could
rule out virus in the intestinal tract and it also had no contact with the
mother as far as mtll was concerned so 1t suggested esther spermatozoa or
transplacental infection

Raren W Braver PuD (San Trancisco Califorma) 1 feel a litle
timid about asking questions of a chnical audience of such distinction but
tt seems to me we have heard a great deal about neonatal hepatis and y et
1am not aware of havir, seen or having heard any one discuss hepatitis
the unborn

Docs this mean that the hepatitis 1s latent and becomes a mansfest enties
only when the liver 1s subjected to the rather abrupt changes both ar
culators and metabohic that are associated with bninging the poor hretle
character out mto the world or does this mean that the infection does
take place only after the infant 1s brought out and that it then becomes
manifest®

Cuamyiay Danoore There have alwayvs been gross deficiencies m our
Lnow ledge of the pathology of the unborn for very obiious reasons but
that has been a serious and mimportant gap 1n that knowledge

Dz Pratrr You would expect such mfants to come out stillborn would
you not? The luer does help n survival

Ciarrnian Daceoore It 1s 2 provocative quesnon and I will be ghd to
have someone comment on 1t

G A Martivt MD (Hamburg Germany) Since Dr MacCallum men
voned our findings I want to summarize some of our data
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necessantly indicate a causal relanonship v et 1t seems not sprobable that
addimonal work may nceumnate the s tomegihic virus as one of a
spectrum of agenes capable of producing a viral hepautis 1 man

GINIRAI DISCUSSION

Josten Stonks Jr MDD (Philadelphua Peanss hann) I thunk the rest
of the afiernaon will be taken up wich consideratton of many of the prob
Jems that Dr MacCallum broveht up e mas be worthw lule mentioning
o things that he discussed an which we have been particulardy Inter
csted

One was the questton of whether gamma globuhn prevents acrush in
fections disease — whether 1t prevents the accurrence of apparent or m
apparent discase

After a Lood many studies of gammn globuln which suzgested that
there was not the prevention of nfectan 4 study was carried out in our
laboratortes by Drake and Main 1n which about 156 children were m
jected with gamma globuhin 1n the same cottages 1n an instirution for re
tarded females and approvimatels 7o remamed as controls

Qver 2 period of 15 weehs 8 Iner funcuon tests were carned out on
cach of these children every week The number of cases of jrundice
the mjected ndividuals ceased after the fint week wnh one excepuon
QOn the other hand n the control children over 4o cuses of jaundice oc
curred and about 8¢ cases of hepatttis without jaundice Hepatis with
our jaundice was estimated as occurring when there were 5 posithe hver
function tests

The pereentace of hepatitrs without jaundice  the injected group ap
proached the tora) number of cases thar had occurred i the control
group of both aundiced hepatitiy and hepantts withour pundice This
faurh clearls indrcated that the gamma globulm had not protected the in
jected indavaduals from mfection since the two moidence ates approached
each ather it the two groups

After these srudies and others thie we have carnied out we do not be
heve that gamma globulm pratects che mdinidual from infection How
ever 1t does protect the mdiniduil from serious diserse with jaundice and
1 ma also protect hum from chromc active hepatins which has been sog
gested by the gamoma globu'n studies This naturally becomes a question
of postmmuntzation which will be dicussed later

1 should like to say somethme rbonr Dr VacCallum s mentioming of
aconatal kepantis 1 think Dr Weller his indieated as Dr MacCallum
did also that once you have caught it neonaral hepatttss 1s not varal hepa
s $he have had a great many cases of hepatitts in the nenborn but m
only «ne mstance have we felt thir we mmghe have had 1 case of vral

hepatstis probably serum hepantis im this ease Thar sas i a child born
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1 pregnant women pertamned only to the eprdemic in Delh In the ficures
I have gnen in Dr Allens report, which probably will be read later at
this conference the mcidence of hepatitis was very great i pregmant
women and the mortahity 1 particular was high The general mortality
as given 1n hus Teport was 0 og The mortality 1n pregnant women was 10
per cent 1f ne abortion was induced

Crarvias Davepors 1 am surprised that there has been no discussion of
Dr McLeans paper because I know there are a number of people here
who have been working with the cell svstem that he reported

T was told that Dr Hok 1s with us and has had expericnce that T havent
heard of before If that 1s the case and if he would hike to report on his
observations 1 would be vers happy to recogmize him

harot A Hon MD (Berkelev Califormia) I would like to mention our
own attempts at 1solating the agent of hepatitis from serum specimens

The agent was carried through six passages with reproducible results
and sixteen ndividual repeat evpernments were carned out The resules
were reproducible Further passages had to be discontinued because the
particular serum in which these cells were grown was exhausted

T would like to mention that this particular sequence of events took
place 1n cells grown m one partcular serum No 3 Sublines of these
cells grown m other indin1dual human serums failed to reproduce this par
ncular effect Therefore we were forced to accept the notion that human
serums had to be so mnfected i order to find a sutable serum for the
growth of the cells and subsequent mfection by the virus Incidentally
the original serum specimen was diluted to 1 to 20000 by means of six
passages At the same time a 1 to roo dilution of the onginal specimen
repeatedly failed to nfect the cells

I wish to mention just one comphecation which Dr \lcLean ako
ponted out The gross similarity between normal and infected cultures
of Detrost 6 cells 15 evident et on close exammation we believe that 1t s
possible to pick out differences There seems to be 2 difference n the
degree of granulation and the thichness of the clump nself This fortu
nately docs not happen very often This 1s our only successful passage of
the agent from a hepatitss case The others have not been so consistently
classic so that 15 as far as we have gotten

C Sruierrg, Ph D (Detrot Michigan) T would ke to make a fen com
ments regarding Dr McLean's paper

The culture of Parke Davis s Detroir 6 maintaned for four months i
our laborators n Eagles basal medium plus zo per cent human cord or
adult serums 1y d a ¢ychic

degeneration
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1 was surprised to hear from Dr Smetana thar the incudence of hepatus
n preg nant women has been higher than m other groups YWe were sble to
collect our data after the war from Hamburg where hepanus was novfi
able WV e had an maidence of 7 cases in 10 00 s the general population as
compared with 310 10 000 (1L pregaint women

Wesaw g7 women n 2 § vear period and we hnve seen about 7o cases
altogether now In no cnse way there evidence that the virus passed
through the placenta In § eases histologreal studies of the Iner of the
babies showed no evidence of pathology ether There was a tugher m
adence of abortion and nuscarmge

In several series fram Copenhacen \teany, Istzel and Himbure with
ahout se cases of proven hepatitis in pregnant women no case has been
found so far in which the child shovied cerrain evidence of hepats Ve
made a follow up iInesnigation and found that 1 women had one or two
more normal precnancres later None of the children was affected

Anprew Sass Rortsan M D (Taronto Canida) Ve hn e been obsen
1ng a newborn baby who was born to 2 mother suffering from hepatis
dunng, the delnen The delnen in fact may have been precipreated by
the mother s discase She was m the earhy stace of her jaundice

The reason | thunk this case may be worthwinle reportng here 15 that
careful histare disclosed that three weeks before the mother s liness she
was looking after a borrder who had a chnically oy pical mfectious hepa
uts Thus it scems thuis mother was suffering from hepatitss due to 1
tectious hepatitis virus

My second remard, 15 m connectian with De \facCallum s paper First
full gatactosenia and hemoh tic disease are obstructive ty pes of jaundice in
carly infancy Howeser Ido not thmk that this accounts for all cases of
so called obstructine pundice of unknown etologs in el infancy

In our series—and 1 beheve in Boston and other places as well v
galictosena and hemoh tic disense i the newborn have been very ade
quatelv excluded as causes and still there are cases of obstructn e jaundice
which mav be due to causes that Dr Weller has been tathing, about

1 would also ke to mention that m our serses the detarled Iver funchon
studies have grouped our pavents 1nto two disunct brackets There was
one group which conformed to the Boston reports having, perfectly
normal parenchy mal Iner function tests However we have seen another
qroup m vwhich we had positive ceplinlin flocenlanon decreased albunun
Jevel and generally speaking changes rvpical of virus hepatitis i adules
One of the £ cises wa part of that famhy incidence There were three
Labnes imalied 1 that fanuly

Hans F Swirrasa MD (Detht India) The reference I made to hepatins
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Epidennology of Infectious Hepatitis*

JOHN R PAUL MD
(New Haven Connecticut)

In accepting this assignment I am conscious of the fact that there 1
much about viral hepatis which remains obscute and 1t man be tao encly
yet to attempt to document its eprdermology My report 1s therefore
presented at the considerable nish of beng premature and nadequate **
Furthermore 1t will be limited to a discussion of that form of hepatitis
caused by virus A (or IH) which 1s now regarded as the etiologic agent of
nfectious hepantis ' and I shall not attempe to cope with the puzzhng
questtons which concern the relationship with serum hepatits due to
virus B (or SH) Furthermore the review will deal more with generalities
than with specific aspects Special aspects of the epidemiology of both
serum and mfectious hepatitis wall be taken up by other parucipants

Prevalence Apparently the incaidence of hepatitis has been much on the

mcrease since W orld War Il not only 1n the United States but elsew here

elen In Soue( Russiz During this shurt period new concepts have arsen
d

an In some measure the increase
m viral hepatitis rates reflects therefore a rise mn 1aterest m this disease as
an example of hy based on the of 2 new name For

as long as viral hepauns masqueraded under the names of acute catarrhal
yaundice (regarded as a common mild mfection) or acute yellow atrophy
of the Iner (regarded as 2 rare although verv serious disease) 1t oc

cupicd a back seat But now with the introduction of the term viral hepa

utss all this has been changed and one has to deal with a common disense
which 1 adults has moderateh serious impheations and whaose new
name carries the threat of contagion This has created a great increase 1n
mterest It 1s difficule to determimne therefore how much of the increase

Much of the work on which this review 1s based 15 sponsored by the Commusston

on Vyral Infections Armed Forces Epidemuological Board
Much of the data in this paper ha ¢ been taken [mm the 1954 Ricketts Lecture
entitled  The Epidemiology of Infectious Hepauus  presented by the author at the
Yo =0 of Cluugn School of Med cine May 10 1954 (unpublished) and Havens
and Pul J R Infectious and Serum Hepatus 1n Rivers (ed) Vral and
Ricketnt Intecsions of Man (4 €) B ladelph  Lipp ncow, 1952 Pp 359-177

183
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simylar to the cultures that Dr ok and Dr McLean hive shown which
were affected by these agents

Qur ongmal s(r:nn does not shm\ and never has shown this effect al
thouch d under 1 Therefore there may be
differences in the varous Detrost ines as Dr McLean has suggested and
1t may be thit our own cell hne mamtained in our own hboratory may
not be sensttin e

Secondls 1 want to correct several designations given to the varnous
Detrore strans v Dr Mcl ean They are not Stulberg strans They were
isolated and established v Dr Lawrence Bermin in his laborators at
Waine State Univentts n collsboration with us at the Child Research
Center
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Epidenmiology of Infectious Hepatitis*

JOHN R PAUL, MD
(New Haven Connecticut)

In accepting this assignment I am conscious of the fact that there 1s
much abeut viral hepatitis which rematns obscure and it mayv be too early
yet to attempt to document its eprdemiology My report 1s therefore
presented at the considerable risk of being premature and mnadequate *¢
Furthermore 1t will be hmited to a discussion of that form of hepatitis
caused by virus A (or IH) which 1s now regarded as the etiologic agent of
mfectious hepatius ! and I shall not attempt to cope with the puzzling
queshons Which concern the relationship with serum hepantss due 1o
virus B (or SH) Furthermare the review will deal more with generalities
than with specific aspects Specul aspects of the epidemiclogy of both
serum and mfectious hepatius will be tahen up by other participants

Prevalence Apparently the incidence of hepautis has been much on the
increase since W orld War I not onlv 1n the United States but elsew here
even m Soviee Russiz During thus short period new concepts have arisen
and 1 In some measure the mcrease
1 siral hepatitis rates reflects therefore a mise in interest in this disease as
an example of nosography 2 based on the sigmficance of a new name For
as long as viral hepantis masqueraded under the names of acute catarrhal
taundice (regarded as a common nuld wifection) or acute yellow atrophy
of the liver (regarded as a rare although very semous disease) 1t oc
cupted a back seat But now with the mtroduction of the term viral hepa
s all this has been changed and one has to deal with a common disease
which m adults has moderately serious mplicattons and whose new
name carnes the threat of contagion Ths has created a great increase in
mterest It 1s difficult to determune therefore how much of the increase

Much of the work on wh ch this review 15 based 15 sponsored by the Commussion
on \iral Infecnons Armed Forces Epidem olcg cal Board

Much of the data 1n this paper have been taken from the 1954 R cketts Lecture

Glmlcd The Epsdem ology of Infectious Hepauus presented by the author at the

Unisgety of Chicago School of Medicine May 154 (unpublished) "and Hasens

b, and Paul ) R Infectious and Serum Hepatiis  1n Rivers (ed) Viral and

chettrtal Infections of Man (2d ed) Phladelphia Lipp ncott 1952 Pp 350-377
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s merdence 1s real and whether new strams of hepantis strus were spread
throughour the world as has been suspected by mvading or rerurning
troops duning and after World War If

In the case of scrum hepantis which 1s almost undistmguishable chm
calh from nfectious hepatits there 1s gond reasen to beliee thae the m
crdence rate s actualls increasing 1n this country for the mounting fre
quency of the wse of blood transfustons, blood products and mamy & pes
of moculations or parenteral therapy all offer a growing opportumey for
the nads ertent transaussion of scrum hepatins virus In infectious hepa
nns there 1 also 2 virenie stage and it may of course abo be transmited
occastonally by parenteral methads Ta this conneertan 1 should meation
a feature that has Jong mpressed me although I hase no dita to demon
strate st This ss thae wherever infectious hepanns 1s prevalent there one
also finds often unexpectedly cases of serum hepantrs

With onalls transnutred infectious hepanns on the other hand 3t s
something, of a guess as to whether this form 15 on the increase or not.
Through the hindness of Dr T H lncall of the Department of
Eprdemmiologs of the Hanvard School of Public Health I have been priva
leged to review dara which may have some bearing on this in New Lng
land concerming the prevalence of acute hepatitis and catarrhal jaundice
as 1t has occurred over 3 §o-s car pertod in 3 large private boarding school
m Vassach In this ! popul: the minor and the senous
Minesses have been constanthy recorded v the school physicuns from
these records one s in 2 fair position to compare the chronologcal -
cidence of cases n this particular group of bovs 1 to 19 vears of age m
different decades The data indcate that thete was no staustical difference
i the total number of cases of jaundice or hepatitis sn the school popuh
tion during the first and second quarters of this century However be
tneen 1900 and 19 4 the cases labeled crrarrhal jaundice were largel
sporadic wheres wn epidemic in 945 accounted for the great majoricy of
cases i the 19 §-1gy0 peniod

Geographic Distribution In spie of inadequate mformation there 1s lietle
question that so called viral hepatitis 1s a common nud twenticth century
disease and 1s vers widespread Geographicath it probabh occurs
nearly all whabited areas of the globe although there are certan regions
with an established record of high endemte prevalence of which the [ar
Fast and the Mediterranean hittoral are examples Over the past 150 3 ears
severe eprdermes have oceurred repeatedly in the lattes area among troops
from Curope Australiz and the North Amencan continent which have
been brought into this endemic area —~a pomt which Dr Hill made 1

his papet
In Scandinasian countries long term sformation on the werdence of
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hepattss has been more complete than elsewhere Tlus disease has been
notsfiable in Denmark for mstance since 19 8 (see Figure 1) Here 3t
will be seen that 1n keeping with the expenience of some other countries
m temperate climates 1n which samitary facihties are standard or above
the meidence has varied greatly with waves of igh incidence coverng
several vears notably those of the war years when that country was oc
cupied by German troops How representative of northern Curope this
picture mayv be 1s not known Inamy event it s unhhely that the Scand:
navian mneidence picture \\ould be sumilar to that of a tropscal country or
one with sub of env

In the United States as a whole the reporting of cases during the past
decade has been 1rregular and often on a voluntary basis This situation 1s
now bemng rectified but at present 1t would be difficult to say what the
differential incidence rates in this country on a state wide basts muight be

Transtmsston. Most present evidence idicates that infectious hepatitis 15
usually spread through some form of person to person association al
though explosive water borne food borne and mill borne epidermnics have
been deseribed \evercheless man represents the only known source and
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reservoir of the mfection As ver no hnawn extrahuman hast in the form
of an amimal turd or arthropod his been discovered 1 which hepatitis
viruses are known ro muluply or sunve, although there are of course
channels such as water m shich this hards virus can sunne and be
spread and the possibalts of mechanical transmission by a biting insect
has not been adequarely miestigated
There 15 good evidence to indrcate thar the mrestnal oral crrcuir plavs
a dominant piet in this natural pensan to person spread Such estdence s
based upon expesimental evidence with human soluatcers which indcates
the frequencs with which hepanus virus (JH) can be demonstrated m
human feces during acute stages of the discase and the e1se with which
the expenimental discase mav be produced by feeding such maternl to
swceptible hosts Although sonie eprdemiologic obsersatons point w 2
respicitony mode of spread none of the experiments on thus has been
sufficiently satisfactors (due to technscal or other reasons) for defimte
conclustons to be drawn from the resules This intestmal oral spread does
not mean that water borne epidemics are the rule n fact quite the con
wrary in this dayv and age of good environmental samtary ar
Persoml and close contact with infectne people a5 15 the sitwation wich
poliomyveliss probabls accounts for a great majority of oraliv acquired
cases of infectious hepatitis
As to the duratton of the period of infectnts m the usual acute case
this 1s not known but 1t 1s usually considered that the virus 15 excreted 1n
the feces duning the active phase of the disease and perhaps for some davs
afterwards In infants however the carrer state mayv be protracted for
months 3
Esidence to substantite the fact that the intestinal oral cireart 15 4n
volied 15 based upon a number of epidemrotogic features which include
(1) The seasonal trends which the incidence of this dwewe exhibits
with a rise m mcrdence m summer and early fall which s a charactenistic
feature of 2 vanety of enteric infections (Migure 2) (2) the observation
that emidenncs of intectious hepatitis are often preceded by an acute out
breah of gastroenterstis — an expenence repeatedhy seen sp North Afnica
during World War I An example of this has been recentls reported by
“Tucher Owen and Farrel m the form of a water borne eprdemic which
accurred at 2 church camp in Tennessee tn 1952 * This and other similar
situations have suggested that both mfections — the acute gastroenteritis
and infectrous hepantis — were related to the same source (3) Mlitary
obsenvations record thar hepanus inaidence 1s highest when and where the
santation of camps 1s pgor Uiviluan e dence abso testifies to the frequency
with which vistors scquire hepatitss 1 tropical or semitropical areas
where peor samiary factlitres exsst and to the fact thar in institutions for
meneally deficent indnsiduals the hepattts rates have been higher n those
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butldings housing indrviduals with the lowest mental capacity and there
fore m which the poorest sanitation can be mamntamed
Nevertheless 1t should again be emphasized that as viral hepauns 15
easihy spread by intimate association among people epidemics of this dis
ezse mav and do occur frequently in mstcutions dwelling houses or
apartment houses where samtary facihties are far from substandard 8 and
thev often occur in the best regulated families Within some of these
communities 1t my well be that a large unsuspected source of virus
comes 1nto existence m the form of mapparent juvende cases and under
these circumstances 1t 15 small wonder that the virus spreads readily to
all the susceptibles in the ¢xposed population group

Types of Epidenucs

(1) W arter borne Reference has already been made to the explosie
water borne epidemic of which there are now many good examples4 ¢
Promment among them 1s the one at a children s camp observed by Neefe
nd Stohes 7 A notable recent example of a huge water borne urban ept
deme of infectious hepatitss 15 the one which occurred m the city of
Deltu India which Dr Melnuck describes 1n this symposiom

(2) Tood Hmdlers and tl ¢ Spre1d of Hepatis Tt 15 more than likely
that food handlers in the various infectious stages of subchmcal or map
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parent hepanitis phy an ymportane part in the spread of H1 sirus This has
also been documented m nulitary expenence

Institutsonal Outhreaks ‘These are common m orphan ass lums bowrding
schools and notorioushy so 1n mental mstitutions In somie large mental
mstieutions (with a2 populiton of 000 or more) heptiis and salmonello-
sts iy become endemic and over the course of scyeral ycars cases My
continue to appear n large or small numbers cach month both i mmates
and n attendants (See the report by Dr Ward and Dr hrugman on
Endenite Viral Hepautis in an Insutunon ) This situation has been
aseribed to the bowel habits of mentallv deficient snmates, be they chil
dren or adults and to the great difficulties of dequate stand

ards of environmental samtation even 1n the best run mstirusions

Fanuly Epidennes These are so common and well hnown that they
hardly deserve mention In a famuly consisting of five or more members a
usual story s that one cluld contracts a mild case of jaundice first and
not much 1s made of 1t A month later another chuld comes down with it
or perhaps a parent and in the latter instance a great deal of attention 1s
patd to the adult crse after sull another month a tertiars case nmas ap
pear This rather long mterval betw een cases offers an opportumty to ap
ply the use of gamma globulin as a prophs lactic measure 1n such situa
uons.

Age Distribution Under most circumstances and 1n areas w here hepatius
1s common this disease 1s essentially one of childhood Indeed as a general
statement children are sud to account for 65 per cent of the cases (Figure
3) butar 1s obvious that this may vary considerably under different en
vronmental conditions Thus the peak of the cases shown 1n Figure 3 may
be shewed to the left or nght in different plices or at different times i
the same place The concentration of the disease iy emiles has been re
sponsible for manv nusconceptions regarding local ncidence bectuse
juvenile cases are apt to be so mild as to escape recogmiuon and the adule
population which 1s mmune vields very few cases Often ths has led toa
complete unawareness within a commumity regarding the hugh local i
cidence of viral hepatins This 1s 1n Leeping with the epidenuologic be
havior of other diseases such as polomyelits which confer ymmumity
and whose spread among infants 15 associated with prinutne sanitation
Within such areas infection and immunity are acquired so early in ife that
the climcal symptoms are 1bout at the vinshing point and superficially
the disease scems therefore to be conspicuous by s absence Its presence
only comes to light when visitors enter the endemic area

The mldness of childhood hepatitss h1s not recenved the emphasis 1t de
serves parncularly as there 15 no evidence that such mild cases are any
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NO OF HEPATITIS CASES

AGE N YCARS

Freune 3 The age metdence of cprdemic hepatins i Cermany prior to W orld
War I The data are from © o cutt reaks occurnng 1 Hamturg anl Wl

helmsterg re pectnely (Described by Holm m 1939 and quoted from von
Bormann 8)

the less infectious A comparrson of svmptoms between childhood (6 to
16 vears) gnd adult (mulitary age) cases of hepatius has been made by
Horstmann Havens and Deutsch? In the former the total duration of
sympeoms ranged from  to 32 davs averaging t1 days and n the larter
from 7 to go davs averaging 30 davs

In infants the disease mav be sull more difficult to recognize mild
diarrhea may be the onhy svmptom The observation of Capps and Stokes ®
who have described outbreaks m insuturions bears witness to the fact
that the chnical disease came to the surface when susceptible adults such
as nurses were brought mto ntimate contact with this reservorr of virus
as 2 result of thewr care of these infectious but apparently healthy 1nfants
In this sense these infants can serve as a resertorr of infection Innocent as
these infants may appetr they mayv be as dangerouns to ther own small
cosmos as was the Broad Street pump

Sex Distribution From the scanty datz available for analysis cases of
viral hepatitis seem to be evenly distributed betw een the two sexes How
ever female parents of the childbeaning age may as 1s also true of polio
myvelis acquire hepatitis ar a shghtly higher rate than 1s the case with
males of 1 comparable age * It 15 presumed that the mother s more ntimate
contact wich the children than the fathers may be responsible for this
effect,
Starnary

The epidemiologst s work which 15 concerned with the behaviar of

viral hepatius has just beyun One of the major tashs at present 1s to learn
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parent hepatitis play an important part in the spread of HH visus This has
also been documented m mibitary evperience

Insttutional Outbreaks These are common in orphan asylums boarding
schoals and natoriowss so tn mental wstitutons Ta some large mental
snstirutions (with a population of oo or mose) hepatstss and salmonello-
sis may becone endemie and over the course of several \ears caves may
continue to appear in hrge or small numbers each month both e inmates
and m attendanes  (See the repore by Dr Ward and Dr hrugman on

Lndemse Viral Hepatns m an Institunion ) This situvation has been
ascrthed to the bowel haints of meatalh deficient inmates, be they chil
dren or adults and to the great difficuluies of mattaiunge adequate stand
ards of environmental sanitation cven n the best run msurutions

Fannly Fpdemmes These are so common and well known thar they
hardly deserve meation In a family consnuing of five or more members a
usual stors s thar ane child contracts a muld case of jaundice first, and
not much 1s made of it A month liter another child comes down with 1t
or perhaps a parent and in the latter mstance a great deal of atrention s
pad to the adult case after sull another month 3 tertiary case may ap
pear This rather long mterval betw een enes offers an opporrumies to ap
ply the use of gamma globuln as 2 prophy lictic measure wm such sieua
rons.

Age Distnibution Under most eircumstances and m arcas where hepantis
15 common this disease 15 essentially one of childhood Indeed as a2 general
statement children are said to account for 65 per cent of the cases (Nigure
3) but 1t 1s obuious that this mav van consderably under different en
sironmental condrrons Thus the peak of the cses shown m Figure 3 mas
be shewed ta the left or right i different plices or at different times in
the same place The concentration af the disease  juremles has been re
tponslhlc faor mim muscancepuons recarding local incdence because
v entle cases are apt 10 be so mld as to escape recopnmon and the adule
population wiach s immune relds very fow cases Often this hasled toa
complete unawareness W sthin 2 communimy regarding the mgh loeal in
erdence of viral hepatits Thrs 1s m keeping with the epidemuologic be
havior of other diseases such as poliorm ehiis which conter immunits
and whose spread among mfants 18 associted wth primime sinttation
VWichia such areas infectton and ymmunits arc acquired so earhy m hife that
the chinical sy mptoms are about at the sanshung pome and superfierally
the disease seems thercfore to be consptcuous b yes absence Jts presence
onlh comes to lLight when snrtors enter the endennc arer
“The mnldness of childhood hepatinis has not recened the emphasts 1t de
serves partieularhs 35 there 15 no evidence that such mild cases are amy
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The Epidennology of Serum Hepatins®

W PAULI HAVENS JR AMD

(Philadelplua Pennss lvania)
In spie of the sharp mmposed by d methods of

mestigation certan concepts have emerged abour wiral hepatius ats
causatine agents their possible wavs of spread and maintenance i nature
and the immune responses they evoke As a resule of relitivels few expert
ments 1n ol and clinical and eprd 1! obser
ations 1t 15 now generally believed that at least two forms of immuno
logically distinet hepantis exsst (1) the natarally occurring epidemic or
sporadic mfections bepinis caused by viras A and () the arofienlly
transmatted serzmr hepatitis caused by sirus B The relationship berween
these tw o diseases 1s obscure and the arbitrary defimition of serum hepatis
on the basis of the route of inoculation of 1ts causative virus 1dds to the
confusion since virus A mmn also be found m the blood and transmutted
by Ttus doubtless accurs more frequently than 1s
generallh suspected and 1t 1s not unfarr to sav that many aspects of the
natural history of the two diseases are at present mestncably bound
together
Not a great deal 1s known abour the eprdemtology of serum hepatits
therefore 1t 1s appropriate to review briefly certain points about etiology
and pathogenesis which mav have bearing on this aspect  Although virus
B 13 apparently ymmunologically disunct from virus A as demonstrated
by limited cross immumitv tests n voluntcers and also by clintcal obsersa
tions 1t 15 not vet hnown whether this disinction 1s representatne of
actually different viruses or of varous strans of a single virus with
iff d by as vet undefined mfl The
mrmus apparent dcpcndencc of virus B on aruficial transmussion ats long
incubation period and the contradictors evidence of immumts following
nfection with 1t sumulate speculation on the possibshty that the famly
which makes up virus B mav represent varunts of virus A which 1s
normally transmitted through the inresunal oral route produces disease

Many of the miesngauons descoibed herem were spons red by the € mm s on
on Viral Infect ns r the Comm 1on on 1 cr Dseases £ the Armel Forces T'pi
denol geal Board and  r supjoted n 1 lole or n part by the Office of the
Surgeon Ceneral Deparym nt of the Army

191



190 Virology and Fpsdermalogy

more about 1ts pathogenests and its relationship to serum hepatitis Personal
and close assoctation between people 15 the most important method of
transmusston of infecttous hepatitrs although as the mtestmal oral eircuit
docs come nro plas, water and food represene vehicles which may be
significant in the transimssion picture Children of school age or infants
sufferingy from subchinical or mapparent mfection are very mmportant 1n
the eprdemiolome picture becawse they often serve as carrers or as 2
reservorr of infection
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under the circumstances of a natural and an artificial way of transmisston
15 self evident

The difficulucs encountered m mterpreting the immunologic response
foflow g hepatius and the possible refatonsfups betw cen strains of virus
are illustrated by a recent report® of three apparently self hmited attacks
of hepatitis that occurred at mtervals of one yvear m a narcotic addict
(Figure 1) This man had been receiving mtravenous mjections m group
practice of narcotic adminutration 25 often as ence 2 week over 3 period
of three years In vew of the relativels solid immumniry usually associated
with mfection with virus A and the poorly defined tmmune response after
mfecnon with virus B the following lines of speculation ate vald If one
attack of hepatitis was caused by sirus A the other two might have been
caused by 1 strain of virus B that evohed insufficient antibody to prevent
reinfection or by smmunologically different strams of virus B If however
virus A was not operative all three atcachs nmught hive been caused by a
strain or strams of virus B The possibility must also be considered that
this patient mught be a carrier of virus Bn the blood 2nd that under cer
tam circumstances the equilibration betw een host and virus might be so
disturbed as to result 1n repeated atracks of climcal disease

Certan charactersstics of modern cnilization and of the behavior of
virus B complicate its epidemtology In this regard the widespread use of
humaa blood and ws products the uausual resistance of virus te vatious
physical and chenncal 1gents and the frequency and prolonged duration
of the carrier state 1n man are ioportant determimng factors Recognition
thar the role of the carrer as a virus reservor 1s therefore important 1n
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after a short incubation period and evokes 2 fairky sobd immumrs 1 man
The desclopment of strans of naderpest virus transmussible only by
myection has been cited by MacCallum ® as 2 possible anslogy sn ammal
discase

The epud logs of serum hep 15 made difficult by the lack of
methody to measure the presious mmunologie expenience with virus B
Luttle 15 actually known about the immunc response following fection
with virus B and even n the Imured dara avarisble there 15 sharp disagree
ment Dxpenmentafly Neefe o2 af  and Vuresy 3 showed that volunteers
reconered from serum hepantis were apparenth immune when remocy
lated with the homologous strams of virus B several months later In
addion the fact that a large percentage of persons moculated with virus
B exher as volunteers or as panents recening, intections of contaminated
blood or plasma farl to contrace hepanis indicates that some protection
possiblt 10 the farm of anubody 1 present Thae ehs 15 open to guestion
howerer s wmdicated by the findines of Drake e ol ¢ who faled 1o
prevent mfection with virus B volunteers simultanconsh inoculated
with virus and with gamma clobuhn prepared from persons comvalescent
three months to three s ears from serum hepatitss These Latter results are
i accord with the apparent fature of normnl human gamma globubin to
prevent serum hepatien conustentls 1 field tenls

The lack of cross immunity betw een the discases caused by virus A and
virus B was revealed by the following observartons (1) patients who have
had infectious hepatins are susceptible to homologous serum hepitns
when mocuhited with virus B and () volunreers convalescent from
serum hepautts cantracted infectious hep s when moculated with virus
A% Actualh there was suggestive evidence that troops comalescent from
vellow fever vacemne pwundice (virus B) svere more susceptible when
exposed to the epudennc disease {(virus A) OF interest in this regard 15 an
easly report of Qliphane® that patients recovered from serum hepatitis
were ummune when toculated with 1 straun of virus presumed to be
hepauts virus A obramed duning World Vear ITin Tah Howeser the
incubanon pertod of the disease occurning in the controls was 85 1o 106
davs this 1s reninscent of the behmaor ysialhy asscoated wath vires B
sustesting stranely that the Iralan stran did not fall in the category now
regarded as virus A even thoueh it was acquired i an area where mfec
tious hepatitis was cprdenmic Two other sumihr examples of the recovery
of hepanius virus {presumably B} fram the bload of persons hhving in areas
where infectiaus hepatitis was endenuc were subscquenth reported from
the Aliddle Last 7 and Germany & [t would appear then that at least two
ViFUISLS OF TW 0 Strans of virus M1y coesnt m the same wrer producing tho
of hepanns that are chuealh indonngushible although immuno
ditinet The potential epidenmologic confusion that may arne

forms
logicalh
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of nfectious hepatitis and arscnotherapy hepatitis in the British Navy m
1941 194 and 1933 wich the petks of incrdence of the Itter occurring

to 3 months after the maumum merdence of the former The msututon
of improved rechmques for the sterihzation of 5y nnges and needles was
associated with 1 sharp decrease in the incidence of arsenotherapy jaundice
These obser auons w ere nterpreted as being consistent with the hy pothe
s1s that both ts pes of disease were crused by the same 1cterogenic agent
with the prolonged mcubition period of the arsenotherapy jaundice
(1verage 158 davs) a result of the pirenteral route of moculitton The

p ¢ of thisasa di factor n the length of the incubation
period has been suggested by others 13 although the evidence for it 15 not
impressive Actualls i rebuttal of this concept ee the results of limited
expenments m voluntcers with one stran of vrus A thit produced
hepautis without significant difference n the Ieneth of the ncubation
peniod following oral and parenteral inoculition 1 Parr !T emphasized that
mdrvidval differences in the host also appeired ta alter the mcubation
period 1 men who recened the same dosc of virus B m single lots of
contarunated vellow fever vaceme swee thewr meubiwon penods fell
withim wide margins tn a tvpical distribution cunve In addiion when a
similar group of moculared men were mosed to less favorable conditions
of life the incubation period was stated to be significantly shorter

All age groups are susceptible to serum hepatiis The disease has been
said to be rulder in children although serious outbreaks among nfants
with high mortalits have been recorded Smce it 15 umpossible to measure
the immune response following wnfection with viras B 1t 15 not known
whether this general susceptibility 15 due to (1) msufficient exposure of
the population to virus because of the artificial way of transmussion
() the falure to develop adequate immunity following exposure ar
(3) the eustence of muluple strains of virus that are tmmunologically
unrclited The severiry of the disease and the mortilty m previously
healthy v oung adults are similar to those 1n infectious hepattis However
when patients of anv age are previoush debilitated by 1llness or wounds
the mortality increases sharply

Taplosive outbreaks of serum hepatitis mmv oceur followmg the nacu
laton af 2 graup of persons with humin blood or cestam of 1s products
contanuinated with hepantis virus B An outstanding eximple of this was
furnished by the expersence of American troops 1n World War 1T with
some fots of contaminated vellow fever vaccme 12 When the distribution
of cses was plotred according to the nterval betw een vacenation and
onset of jaundice there was a svmmetrical dsstnbugon over a 7 month
peniod With a umimodal curve reachimg 4 peak during the twelfth week

after vacemation The incubation periods ranged m general from 28 to
180 dans
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the muntenance of this infecuion in nitare 15 well established and of
partscular interest in thus regard s the exvdence suggesting that hepautis
virus mas be eransmitted by anfected mothers to nfants i utero 10
Serum hepaunis undoubtediv: eccurs wherever hunnn blood or eertan
of 1ts products are used or where prrenteral pencrrations are made It has
been deseribed i such wideh sepirated ares as the United Seates Russa
Enlfand Sweden and the Viddle Fast ™ The incressmg frequency of
parenteral noculitons my i some measure account for the mncrease m
the incidence of hepatns durme, the pst decade
Smce the occurrence of serum hepatins s dependent accordwg to
present definttion on arttficial mocuhiton ats s sond ncidence 1s prob
ably closely related to the tme of preceding inoculation and the concen
eranton of marable virus The possible mpace of artifical transnussion of
virus on the setsonal ncidence ss allusteated by the experience of Amenemn
troops with hepatts m Cermany from 1944 ta the preseat? Danng this
pertod the morbidies ranged from four to eighteen per thoasind per
annum  In the winter of 1944-1945 the maidence of discase rose shaph
to epiderme proportrons and dechined m the sprng Thereafter althouh
somew hat higher morbidity occursed n the winter the seisonal varnmon
was far less evedent This and the conunued relanely fieh incidence of
discase constirute an endemtologic pattern thit 1s difficult to ephun al
though speculations hive heen made on the roles of increvsed fraterneza
tron and /or artificn] transnussion of virus in muntammng the high morbadity
A study of the duritton of residence in Gernminy before the onset of hept
titis show ed that although it was uncommon for American soldiers to con
tract hepatitis before 4 to ¢ months of restdence in Cermany the morbidity
rerched a peak at the end of one vear and thereafter dechned so slowh
that 1t was not unul 3o months after arrisal thar the rte could be sud to
be low Tt s unknown whether the prolonged it deliy of Ameriemn
occuption troops m acquiring hepetitis was the result of delay in espo
sure of the long, mcubttion peniod of artfictally transmetted virus B oor a
combmarton of both All of these concepts are renable and i regard to
the second 1t 1s of mterest thaz Tvans ® recovered virus from the blood of a
soldier with hepautis in Cermamy that produced the disease in volunteers
after 2 Jong incubation period
‘The know nt coexistence of virus 4 and virus B in the same areas sugaests
the possibulity. that the relavionship betw een them s under certun circum
stances closer than 1s commonh suspected  Artempts have been mide to
relite outbreaks of serum hepants to preceding epidemics of mfectious
hepatitis Ruge ' described the masimum metdence of hepatis in men in
the German Navy recerving sntriuetic theraps as being m January some
1w 0 months after the autumnal peal of mfectious hepatitss More recenths
Lilis * described an apparent relationshup betw een the sewsonal meidence
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of mfecttous hepatitis and arsenotheraps hepatitss i the Brinsh Nawvy n
1941 193 and 1943 with the perks of mctdence of the Jatter occurnng
2 to 3 months after the mumum mcidence of the former The insutution
of mmproved techmques for the stenlizanon of svnnges and needles was
assocrted with 2 sharp decrease in the inerdence of arsenotherapy j1undice
These obsery ations w ere interpreted as being conststent with the hy pothe
«is that both types of discase were caused by the same icterogenic agent
with the prolonged mcubation period of the arsenotherpy jaundice
(average 158 dns) 2 result of the parenteral route of moculation The
mmportnce of this as a conditioning factor 1n the length of the incubation
period has been suggested by others 13 although the evidence far 1t 1s not
mpressive Actually 1 rebuttal of this concept are the results of hmited
expeniments 1 volunteers with one strun of virus A that produced
hepatitts without significant difference m the lenmth of the incubation
period following oral and parenteral moculition ' Parr 17 emphaszed thit
ndividual differences 1 the host 1lso appeired to alter the meubation
period i men who recersed the same dose of virus B m single lots of
contamnated vellow fever vacane since their incubition periods fell
within wide margins 11 4 typietl distributton curve In addion when a
similar group of moculited men were moted to less favorable conditions
of Iife the mcubation period was stated to be sigmficantly shorter

All age groups are suscepuble to serum hepatitis The disease his been
sad to be mulder 1 chuldren althou h scrious outbreaks 1mong nfants
with lugh mortahity have been recorded Since it 15 impossible to measure
the immune response following infection with virus B 1t 15 not known
whether this general susceptibnlity 15 due to (1) msufficient exposure of
the population to virus because of the armficial way of transmussion
() the falure to develop adequate immunity following exposure or
(3} the eustence of muluple steuns of sirus that are mmunologieally
unrelited The sevenity of the disease and the mortalits 1 previoush
healthy voung adults are stmir to thase 1 nfectious hepitiis However
when patients of any ame are previousl debihitited by illness or wounds
the morality increases sharphy

Txplosive outbreaks of serum hepatitis mav oceur following the mncu
fation of a group of persons with human blood or certam of 1ts products
contaminated with hepanws virus B An outstanding example of this was
furnsshed by the experience of American troops m World War 11 with
some lots of contammated vellow fever vacemne ' VWhen the distnbution
of cases was plotted according to the interval between vaccmation and
onset of aundice there was 1 sy mmetrieal distnibunon over a 7 month
perind with 1 umimodal curve rerching 1 peak dunng the twelfth week

af(erd\ acanation The incubation perinds ranged n genera) from 8 to
180 duvs
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Of parucular importance during the past few 1ears has been the recog
nuon of outbreiks i chmes where mcompleeely stenlized mstrunents
were used and where the chances of contanumation by carners of virus
were frequent Characterisucally  these ¢ases apperred m a strigghing
manner throughout the serr appirenthy dependent 1 part on the num
ber of maabie carners and the degree of cleansing and stenbizavon of
equpment It has also been suzeested that the pattern of such outbresks
may benfluenced v the fact that vizus A mav be transmntted parenteralh
as well as verus B Wewalka @ described two interesting groups of cases
m a chime for nuluctic therpy (Dsgures  and 3) In sp47 an outbreak
of hepatitis occurred with a preponderance of cases 16 to o weehs fol
lowmg the bemnming of therapy In 1948 a second outbreak occurred
however with two peaks of incidence — one appearing 4 to 8 weeks after
the msutution of theripy and the second pesk appeaning 16 to 0 weehs
after the start of ther pv Of particulir interest was the face thae certan
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Frowre @ \umbcr of coses of hejanu_cc urnng m varing meubaton
pertods m 4 clime for antiuctic d crtp  The meubation per_ls are marked
n wecks) from the first iniection ta the n et of jaundi ¢ The upper dia
gram represents the situation from Decenber 947 to February 1548 The
fower dugram represeats the situaton from Seprember to Novemb r 1o8
(From data ghen  a chare 1y Wewalla P Zur Epi femiologie d s Theerus
bes der antess plubitischen Behandlung 19)



Tle Epidemolony of S rum Hepatiis 197

[[Auc [ sepT [ ocT | nov [ oEC | JAN | FEB | MAR]

54 L - -

$—105 _____A.

Fiurs 3 Cacs of hepantis o curnng m a clnc for analuctic therapy The
nurmbers refer to the ancubation periods of the first attack {From data g1 cn
m a chart 13 Wewalha F Zur Epidemologe des Ihterus ber der anu
syphilitt chen Behandlung 19)

patients had the onset of hepatitss after a short ( davs) or moderately
prolonged (54 days) incubation period followed by recovery and subse
quently by a second attack after 2 long mcubation persiod This evidence
strongly suggested again the cocustence of at least two smmunologically
distinet 1cterogemc agents that 1n this sitwation had been transmitted
Iy possibly 1 1y Of note was the fact that the out
break of serum hepatitis had preceded the outbreak of short incubation
peniod disezse That this should occur 15 1ndeed aganst the concept that
the long incubation period of serum hepatiis may be explaned simply as
a result of parenteral inoculation of virus A
It 15 evident from all this controversial data that the epidemiology of
serum hepatitis 15 closelv associated with that of the epidemic disease The
unriveling of the poorls defined ties that bind them together awaits the
development of specific serologic methods
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Epdennology of Hepatitis
— Miltary Enperience

ROSS L GAUID MD
(Washington D C)

Historicalls hepatitis has been outstinding as a pulitary disease It has
been a feature of all major wars for the last century and 2 half with 3
tendency for s mcidence to recede with the advent of peace The
experience of the United States Army 1n recent vears has followed this
general pattern However hepatius s sull prevalent i the armv and
although we were not at war i 19,5 admissions for hepatitis to United
States Army hospitals were ar a rate of shghtly over 2 per 1ooo strength
for the verr ! At this nme the army was deployved in many countrtes and
there was considerable varntion m the rate m different areas In horea
where the troops Ined under field conditions the atrack rate was eight
times that current in the United States and the occupation troops in
Furope had twice the rate which presailed m the army 10 the United
States

It 15 of some interest to note that during 1955 onlv  per cent of the
hospital admissions for hepatitis were ascribed to serum hepauts To
meerpret this finding we must bear I mund the fact that duning 19,5 the
army was not engaged in combat operavons Consequently  blood and
blood products were heing used less extensisely than would be the case «f
large numbers of wounded had to be cared for The per cent probably
represents a minimum percentage for peacetime but comparative data are
lacking

It 15 axiomatic to sav that measures for the control of hepatitis must be
based on the epidemiology of the diserse To the epidemiologist hepatitis
comprises two separate disca es erch with 1ts own distinctive Characterss
tics 3 There 1s much we do not know 1bout the epidemiology of serum
hepatitis bur we do know thar the majonity of cases of this disease are
nfected through the parenteral administration of blood and blood prod
ucts ¢ The control of serum hepantins will be accomphshed when we learn
how to mke these products safe The mechanics of the transmission of
nfectious hepatitis have not been 15 certamby deternuned Imvestugations
along this line have been hampered by our falure to propagate the etro
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logical agent outstde the human host Nevertheless we have gequured
certam facts as dnvrdends from evpernments osmg human volunteers For
mstance we hnow the 1gent s present in the blood stream durng the
acute disease and thae it v dincharged from the bodv i the mtestinal
evcretions Ve alo know the humin host can acquire infectsous hepatius
throuch meestion and by parenreral moculttion @ 7 W e are nat so sure
whether infection by these two routes can account for all or cven a
majories of the cases This s sull largel a matter of opinton

The findings of eprdenuolog real v esugations mto the natural spread of
infectrons hepatitis made in the armn during World War I potnted to the
fact rhat ths disetse 1s usinlly transmiteed by some form of person 1o~
person spread® 1 Infection wath the agent ws shown to produce a defi
nite resiseance but not an absolute mmmunits and napparent infections
were inferred on sound eprdemiolomenl grounds™ Al mferences were
based on the premise that the host parasite relanonship between man
and the agent reflects atself in the dutrbution of the naturally occurrning
drsease

Dustrabutron . Alheary Topnlstsons In military papulations ifectious
hepatitis generally appears 1s single cses wideh scatrered wath respect to
wme place and person and there 1s no traceble chain of transmisston The
compiny s the househeepma unrt of the army roughh comparble to the
civilan household because the men work eat 1nd Ine rorether Yer 1t s
unusual for more than onc or two ciscs to ocettr i 1 compy at the
sume tume The peaks of ineidence shown by Jarge bodies of troops such
as arnmes or dnistons follov 4 scasonal trend and occur n the fall and
winter These pehs are the resule of adding towcther the experience of
many companics Thes occur because more compnues report c1ses at the
same time nd not because locabized epsdemics are occerrmg 1 indnsdual
companies Indeed 1 the army localized epiderncs are the execpron
rather than the rule

The experience of the Amenican Army duning the fist winter of the
Roretn War serves to illustrite the widespread distnbunion of infectious
hepautis In 4 mslitary populition The disease was epidemmic ¢ this time
and i February 19yt hospatal adnussions reached a peak monthls rate of
3§ per 1000 strength per vear Duning the first 3 months of the vear a
total of ¢73 cases were evacurted from mfanery umts 2fone to the hepatias
ceater n Ky oto Japwn As will be scenin Table 1 these cases were widels
scattered and 6, 1o 7o per cent of compantes msolved had only one case
Juang any gnen month Unfortunatelh  the total number of mfaptry
comparues commntted at thus ame 15 not known but of those compantes
iolied there was an average of less than  cises per month per com

pamy This idespread distributton of cases 1s similar to thit reported n
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‘Tante 1

DISTRIBUTION OF 573 CASES OF INFICTIOUS HIPATITIS
ADMITTLD TO HOSPITALTROV INFANTRY UNITSINKORI A
1951 BY MONTH AMD NUMBER OF UNITS INVOLVED

Jomy  Febmry  March

Number of cases 144 29 200
Number of compantes with cases 100 131 122
Avcra o numbee of eascs per

compan, 14 18 16
Per cent of companies mohed

wich only 1 case 7 6 66

1945 from the Fifth Armyv 1n Italy ® and from the occupation armyv m
Germany 2

Although there were approximatels 35 ooo cases of nfectious hepatitis
among American troops 1n the Mediterranean theater i VW orld War IT
common source outhreal s were rare and only two water borne eprdemics
were reported Of these only one was 1dequitels studied and this mvolved
86 cases m a single battahon * 8 Since World War 11 occasional small
common source epidemics htve been reported m the armed forces? 10 11
but although some such outbreaks are undetected 1t 15 unlihely that this
tvpe of occurrence can account for more than 2 small fraction of the
total cases In this respect there may be a difference between civihan and
mubtary evperience If so it ts probably related to the stringent water and
food discipline enforced through military regulons This T admit 15 a
hy pothesis w hich his not vet acquired the dignity of a theorv Faslure to
account for the majority of cases of mfecuous hepatiss through con
tammnated food and water does not rule out mgestion as the method by
which the infection 15 acquired but does seem to indicate current food
and wter sainitation regulitions are reasombh adequate Howeser these
measures do not control the diserse and 1trention 15 thus focused upon the
hy pothesis that the man ronre of transmission 1s some form of person to
person contact Thrs premise s difficule to test particulirly beciuse a
direct chain of transmmsion cannot be traced from case to crse Testng
demands a switable situation and these situations are net common n
shifung mulitary populations

Se enth Army Experience The story of the spre1d of infectinus hepatins
m the Seventh Army during 1nd following 1ts tsvasion of Southern France
allows us to cntiealls examimne the hipothesis The circumstances sur-
rounding thus disease in the Seventh Army were imvestigated at the time
and a report of the indings w 15 submutted through channels 12 For vanous
reasons this has not been published

On August 15 1944 the Seventh Army invaded Southern France This
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logical agene aueside the framn host Nesvertheless we hve gequered
certan facts 15 dnrdends from experiments usmy, human volunteers Tor
mstinee we hnow the agent 1s present in the blond stream durtag the
acute diserse and that st s discharged from the bodv in the intestinal
excrerrons e abo hnow the human host can 1cquere iafecttaus hepatts
through mgestion and by parenteral moculition ® @ 7 VW e are not so sure
whether mfection by these twa routes can account far all or cren 2
mjoney of the cises This i stll higreh 24 matter of opinton

The findings of eprdennologseat i esngaions nto the mturat spread of
infectious hepann made in the army duning World War I pomted to the
fact that thes diserse 1s wsualls eransmurted by some form of person to-
person sprerd * ¥ Infection wath the agent was shown to produce a defi
nite resistanee bur not an thsolute mmmunits and inapprent infections
were nferred on sound epudeminlogict] grounds Al inferences were
based on the premise that the host parasite relitionshup between man
and the agent reflects srself n the distribution of the naturally occurnng
disease

Drstriburion i Mitrry Fopidthons In militany popuhitions infectous
heptis generalh appeirs as single cases wadels seattered with respect to
nume place and person and there i no eraceible chun of transomssion The
compm 1s the hopscheepmg tmie of the 1y rouchh comparable to the
cmiirm howschold becwse the men work ear and tne tovether Yeratis
unusutl for more thin one of two cases to occur m 1 company at the
sume ume The peths of incidence showat by large badies of troops such
as armres or dnvisons folloy 2 sewsonal trend and oceur 1 the fall and
wmter These peihs are the resulr of adding together che eperience of
mim compmnies They occur because more compimes report cases at the
same nme and not b e locthzed epidemics are occurnmy, w ndndual
compames Inleed in the armyv Jocthzed eprlemies 1re the exception
rather than the rule

The expersence of the American \rinv durtg the first winter of the
Korean Yar serves to illustrite the widespread disertbunion of infectious
hepatits 1 mihters. popuhnon. The diserse w s oprdene at thes tme
and i Tebruary 1gat hospier] adnussions reached 1 peak monthhy race of
15 per oo strength per year Dunng the fine 3 moaths of the veir 2
total of ¢73 cases were evacuited from infaneey unies alone to the hepatins
center to hvato Japmn Aswillbeseenin Tible 1 ehese enes were wideh
scattered and 65 to ;0 per cent of companies imoled had anly ane case
during 1y gnen month Unfortuneels  the eatal number of nfantry
companies commneted 1t this time i not known bur of those companies
wvolied there was m nerae of loss thin e1ses per month per com
pims This v despread distribution of €ves s smmbir to chit reparted
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SPREAD OF INFECTIOUS HEPATITIS IN 7TH ARMY—1944-1945

TIME IN THEATER
FIRST CONTACT WITH INFECTIOUS UNIT  BZZ8 S8 BECURR NG 72222223

Ticure 1

October to late December During this pertod 1t did not have contact with
any of the infected units and remained free of hepauns However 1 late
Dacember the division was placed 1n the line alongside the 10oth Division

which by this tme was infected About 6 weeks Jater the first case
appeared 10 the 44th Diision

6;rd Dt 1sion Throughout the campugn most newly armved dna
sions Were commutted as umits A division 1s a large body of troops about
18 000 men and usually has 3 regiments of infantrs In the divisions con
sidered 1 Figure 1 the contact histories of the regiments Were sumalar and
aflowed the diision to be considered as a single entiy This was not true
for the 631d Division where the must be dered sep 1
because thes had different contact histories The story of this division 1
iltustrated n Figure @ The infantry regiments Were sent o\erseas sepa
rately and went into batdle before division headquarters and the ancillary
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army had been reactnated in Tl during the earhy summer and was tom
posed mitirlly of elements transferred from the Fifth Aoy On 1D Dy,
ats strhang force consnted of three infantrs divstons all of whech had
senved for overasear i North Africa Sicilv and Ttaly During the winter
of 1931-1044 all three dwisions had passed throuch epidemics of infec
tious hepatitis The diserse continued to smolder m the ranks durmg the
spring and summer an I 1f the occurrence of chinrcal cases can be taken 25
an mdex il three umts were thoroughly seeded with infectious hepants
when they went to France  As the arms advanced northward nd made
contct with troops from the Nonmands beachherd its size was increased
from ume to time by the addion of units which eime directh from the
United States These umts were free of hepintis when they jomed the
Seventh Army and ths set the stage for a study of the spread of mfec
tious hepatitis from the infected umts wlich had been in fraly to the
noninfected units which came directly from the Umited States

If the by pothesss be valid that the mun route of transmission of infec
tious hepatitss 1s some sart of person to-person contact the appearance of
the diserse i a previoush nomsnfected umit must alwayvs be preceded by
contret with an mfected unit and in addition must be mdependent of the
time the umits joined the Seventh Army Furthenmore there must be a
fairl close associanion hetw een the time of contact and the appearance of
cases These cnteria require a definition of contact Duning the perrads of
actine combat contact betw cen uruts of the same armj 15 quite restricted
and occurs gencrally in onc of two ways Lither the unit reheses or 1s
relicved by another unie or altermatels both may fight alongade each
other In this investigation contact was sud to have occurred if either of
these two events took plice betw cen infecred 1nd nominfected umes The
findings with respect to seven divisions of the Seventh Army are Jlustrated
n Tigure 1 Bricfls they were

(1) During the first 13 weeks of the cimpaign all exacuations for
infectious hepatitis were from units w hich had served m Tral \Within these
umes the inaidence remuned low unul after they had recened lrge
numbers of replacements to mhe up for battle losses These replicements
came directly from the Umted States and as their proportion of the total
strength mcreased the mcidence of infectious hepatitis rose

( ) Dunng the course of the investigarton 1t was possible to obtam
adequate records of the contact experience of 5 of the & mfantry diistons
which came to the arm free of mfectious hepatitis Although there was
varsation in the length of time elpsing betw een assignment to the Seventh
Armv and contact with an nfected umt contact alwavs preceded the
appearance of infectious hepantis by a period of between 2 ind 6 weens
“The 44th Duston Is of parucular interest becawse 1t fought on the
extreme Jeft flank of the army for two and one half months from ewrh
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U S ARMY TROOPS IN KOREA
INCIDENCE OF INFECTIOUS HEPATITIS

1950 —1955
40
wonTHLy  3°
RATE
PER
1000
STRENGTH
PER
YEAR
1o
1980 | 151 1952 | 1953 1954 1955
Fiotes 3

of person to person contict The findings do not mn themseles constitute
proof nor do they elmunate ali other possible modes of transmusion
Howeser 1f the major factor mn the spread of mfectious hepanus s per
sonal contact then measures designed to prevent other modes of trans
mission must necessanily be of hmited value This parnally explans the
recent experience in horea which is llustrated in Figure 3 During the
first year of the lorean War infectious hepatitts rates among Amierican
troops were high and an attempt was made to control the disease by
treating all water supplies to g ¢ a residual of 5 parts per muilhon of free
chlorine This procedure was mstituted 1 1951 and became generally
effective in April shortly after the rates had begun to fall The meaidence
continued to fall and reached a low level which persisted during 1952 and
1953 Mamy beheved this demonstrated the value of addmng excess chlonne
to the water as an effective means of controlling infectious hepatinis
However 1n 19,4 although the excess chlonnation was continued the
wrend was reversed and the rates agam rose to the Jevel present when the
program was put mto cffect This was a sincere effort at control and its
lack of success was probably not due to failure to prevent water borne
hepatiis but becruse water 15 not the main route of transmmission 1 the
armed forces A consideration of the epidemiology of mfectious hepatitis
32€lds no reason to expect control can be achuesed m this way

Suainaary

Fudence has bieen preseated to illustrate the wide scatter with respect
to time place and person of the cases of infectious hepatitis which occur
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INFECTIOUS WEPATITIS IN 63 ° DIVISION 7T ARMY 19453
RELATION BETWEEN ONSET OF CASES AND EXPOSURE TO INFECTED UNITS

63 ° piwision
RECONSTITUTED

licire 2

troops arrned Shorth after commg to Trance on December 17 they
formed Task Force Harns and defended the Rhme flink This tash force
was disolved on December 30 ar which ume the z54th Regiment was
attached to the 3rd Division an anfected unie while the  s3rd and  ssth
Regiments were attached to the 44th Dnision ® 2 hepatius free ut The
reguments remamed as mtes,ral pars of these divsions for about 6 wechs
but on Tebruary ¢ the 63rd Division was re formed under sts own com

mand Asshown m [igure  the first c1se of hepanius in the  54th Regt

ment appeared z weehs after 1t was attached to the infected 3rd Diviston

and cascs of the diserse continued to occur in thes wnit throughout the
rest of the campugn On the other hand not a single case was evacuated
from the 253rd 1nd 254th Regiments while they were with the g4th Div

sion Cases began to appear only after the dnision had been reconsticuted
and the two regments came m contact with the now infeeted 254th
Regiment

Korean Lrperience The evidence preseated 1s const sent with the hy
pothesis that 1n the Scienth Army nfectious hep s spread by some form

One battahion of the 255th Repument was attached for a few duss to the rooth
Dussion
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U S ARMY TROOPS IN KOREA
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of person to person contact The findings do not in themsclves constitute
proof nor do they ehminate all other possible modes of transmission
However 1f the maor factor in the spread of infectious hepattis 15 per
sonal contact then measures designed to prevent other modes of trans
mission must necessanily be of limuiced value This partually explans the
recent experience i horer which s illustrated m Tigure 3 During the
first vear of the Korean War infectious hepatius rates among Amencan
troops were fugh and an attempt was made to control the discase by
treating all water supplies ro give a residual of § parts per million of free
chlorine This procedure was insticuted 1 1951 and became generally
effective m Apnl shortly after the rates had begun to fall The maidence
continued to fall and reached a low level which persisted during 1952 and
1951 Many believed this demonstrated the value of adding cxeess chlorne
to the water as an effectne mens of controllng nfectous hepatis
However m 1953 although the excess chlonination was continued the
trend was reversed and the rares agan rose to the level present when the
program was put into effect This was a sincere effort at control and its
lack of success was probably not due to failure to present water borne
hepatitis but because water 1s not the main route of transmussion 1 the
armed forces A consideration of the epidemology of infecnons hepatns
31€lds o reason to expect control can be achresed m this way

Standary
Ts1dence has been presented to llustrate the wide scatter with respect
to time place and person of the cases of infectious hepatits which occur
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in the military forces Additional support 15 given to the hypothes:s that
the mam method by wlich this discase 15 transoutted 15 some sort of
person to person transfer Attention 1s drawn to the mnor rale plaved v
food and water as dissemmnating agents i the armed forces Diseases spread
by personal contact are notonoushs difficult to control parnicularly of the
sieuation 15 complicated by mapparent nfecuions  Infectious hepatitis
should be recognized as a discase of this type Restrictine measures are
impractical as a means of contro) and no vacaine 1s avalible Thus at the
present ume we are reduced ta measures wlich are durected agamst
secondary mades of spread  1oo much should not be expected from such
procedurcs
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Certmin Epidennological Features of
Infectious Hepatitrs Durmng the Delln
Eptdennc, 1955-1956

R VISWANATHAN AMD
(New Delhy, Indn)

1am venv grateful to the organizers of this symposium for givng me
an opportunity to contribute to the discussion on epidemiology of mfec
tious hepatitis with reference to the large scale epidemic wlich occurred
1 Dellu Indta during the months of December 1955 and January 1956

Soon after the commencement of the epidemic the Indian Council of
Med:cal Rescarch instituted an enquiry under my direct supervision on
the different aspects of the eprdemic mncluding epidemiology 1 was di
rectly le for the epidemiol I studies of the disease durmg
the epidemic while other aspects of the inquiry were under other work
ers for mstance Dr Smetana and Dr Gupta were i charge of histo-
pathological studies Dr Work and Dr Melnick were 1 charge of virol
ogy studies while climcal studies were undertakhen by some of the
physicians 1n the hospitals

Eptdemiological studics w ere made on the bass of the dara collected on
prescnibed forms regard ng 3786 reported cases and on the basis of
sample surveys conducted 1n a sy stematic manner 0 order to obtain more
rehable inf ding the ds of the disease dunng the
epidermic

All aspects of the mqury have been completed and the results have
been submutted to the Indian Council of Medical Research who intend to
publsh the material very shortly

For the purpose of this symposium I wish to give a short resumé of the
epidermological information that we gathered about the disease

As 2 result of the sample survey the total number of cases of ifectious
hepatius with frank acterus which occurred during the period of the
epidemic 15 considered to be tn the neighborhood of 29 300 1 an esti
mated population of 1 6 millon As according to Neefe over 70 per cent
of the cases occurring i an epidemic arc without mamfest jaundice the
total merdence of icteric and nomcteric cases can be estimated to be n

207
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the netghborhood of 97 voo The eprdeme Iasted only for about 6 to 7
weehs from abour December 1 1955 to about January 20 1956 The
eprdemic curve prepared on the basis of reported cases has a unimodal
peak and 1ts distribution 1s of the normal rvpe (Figure 1) The steep nse
of the cunve the equally steep fll and the restricrion of the duration of
the eprdemic to about 7 weeks are indicatne of an explosnve eprdemc
caused by a massne exposure occurnng withm a short pertod of ttme
It 15 also significant thar no secondars wave of the discase had been
aaticed a the Dellu populatson during subseq weeks The d
was widespread and occurred almost simultancoush m widely scattered
areas There 1s defimite evidence to show therefore that there was a
common source and common yehicle of infection

“The sample survey has shown that there 1s significant Yaranen n the
incidence of the disease in different regions of the oty The mnadence
rate m that part of the aiy whose water supphy 1s derned from the Mu
wicipal Water Worhs at W azirabad was 2 og per cent while the remam
ing areas which dertve warer supplv from other sources had an incidence
of only o024 per cent There 1s sufficient eprdemological evidence to
show that the mfectton causing the eprdenuc was the result of contam
natien of mver water before it was pumped mto the waterworl s gt
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Wazirabad The Jaundice Inquiry Commuttee appomnted by the Delhn
State Government has shown in their report that contamnation of
water supply at Wazirabad occurred as a result of sewage from the
Najafgarh drain being pumped along with the nver water ac Wazirabad
Pumping Station from the tenth to the sixteenth of November 1955
T'pidemiological studies confirm this observation

It has been possible to esumate the mcubation period for the disease
during the eprdemuc from data callected from people who visited Delhy
from outside at the time of massive contammation of mumicipal water
supphes I obtamed snformation from admimstratie medical officers of
states regarding the mncidence of hepatiis among this group Though
over 754 cases were reported by the adnumstratne medical officers
accurate mformation about the period of stay and the date of onset of
the disease was obtamned only in respect to 61 patients On the basts
of this information I have caleulated the incubation peniod to be 18 to 62
days This corresponds to the range of incubation based on the assump
tion that the massise exposure of infection occurred between the tenth
and sieteenth of November and beeause of the fact that the peak maidence
of the disease n Delhi during the epiderme was between December 20
1955 and January 4 1956 It 1s possible that the longer incubation penod
for the disease noticed dunng this epridennc sght be due to the attenu
ation of the virus through superchlorination and alum
mstituted by the authorities immediately when they came to know that
the contents of the Najafgarh drain were being pumped 1nto the water
works Such measures succeeded 1n preventing water borne bactenal
diseases lihe duarrhea dyvsentery and so forth but they were evidently
not sufficiently effective agamst the virus of hepatitis

Surieys have shown that the meidence was highest in the age group
from 15 to 19 vears (z ¢ per cent) somewhat lower in the age group of
40and over (z per cent) and sull lower i the age group from burth to 14
(1 per cent)

The rates for males were higher than those for females However
such d are not dered to be

Incidence among pregnant women was nearly three times higher than
among nonpregnant women Vhile the general morrality rate was o gg
per cent duning the epidemic the mortalicy rate among pregnant women
was as bugh as 10 per cent

Sample survey has shown that the incidence m higher mcome groups
was sigmificantly higher than m the lower income groups as mdicated
by mcidence rates by type of houses W hile people of the higher income
groups Ining n pucha houses and bungalows get their dninking water
from municipal taps 1 their own houses those living n huts and mud
houses have to get their drinking water from street taps Both groups no
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doubt must have drunk ynfected water duning the penod of contamina
uon The dose of mfection would necessarils have been different in the
two groups as those residing i huts and mud houses had restncred
water supph In this group 1n certamn regions. the entire incrdence was
confined to males azed 15 to 39. Tlus mas abo be accounted for by the
fact that the dose of infection was nceessanly hugher for people i the
t5 t0 39 age group as thev go out to wark and consume more water
from public taps A more prabable resson for the duference 1n the ma
dence 1n the two cconnnuc groups s that those e and worhing
under unhygremic conditions would have acquired greater resistance
through previous exposures to infection.
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A Water-Borne Urban Epidennc
of Hepatitis*

JOSCPH L MELNICK PaD
(New Haven Connecticut)

‘Water borne outbreaks of hepantis have been observed in the past
but none has been of the scale of the recent eprdemic which oceurred
dunng last December and January ;n Delln India During the epidemic
period | was fortunate to have been m Indta working as a temporary
staff member of the Rockefeller Foundation at the Virus Research
Center mn Poona The director of the Virus Research Center Dr Tel
ford Work and I were mned to Dellu to partucipate m virological
studies of the eprdenic these studies were part of a series of mvestigations
which the Indian Council of Medical Research had orgaruzed

Thus report should be regarded as preluminary In the near future the
Indian Counctl of Medical Research plans to publsh a series of papers
on this eprderme 1 which the detailed nvestigations carned on by In
dian medscal scienusts wall be recorded so thar more complete data
concerning this water borne urban epidemic will be avabible for alt
students of hepatiis In addition to the mformation made available to
me by Indian medical scientists other data were obtamed durng the
pertod which 1 spent n India worlung under the auspices of the Indian
Counctl of Medical Research and the Rockefeller Foundation The 1ab
oratory worl on hepatitis at the Virus Rescarch Center was performed
chiefiy by my colleigues P N Bhatt A h Thomas T Work and
S Melmick It 15 obnious that 1 am merely one member of a large team
of imesugators who studied this epidenuc and that for the most part
I shall be summarizing the findings of others

The first problem which faced public healcth authorities was to deter
mine the nature of the disease Although a number of people came to
the hospitals and some of these went into hepautis coma the great

Much of the mater 1 reported was obtamed whle the author as a temporary
staff o ember of the Rockefeller Poundatidn was awached t the Virus Research
Center P na India In prepar ng chis muite paper the author has trawn heavily
on the puth hed Rep 1t of the comm tree con tituted for the purpose of enqu nng

astoh  farthe p lien n of Jamuna water duning November 1955 was responsible
for the outbreah of jaund ce 1 Delht an 1 ¢ subsequent t o months™ 1

211
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majoriy of cases were mild bemg characterzed sumph by “vellow
eves  that 1s 1cterus of the conjunctina and sclera However this was
often accompanied by anorea and general weakness Yellow fever was
hardhy considered as 1t 1s transouteed by Aedes acypte which 1s scarce
m Dellr espeenalls during December and Januaey  Leptaspiral jaundice
was considered more serroush bur was ruled out on the following, bass
A number of comvalescent serums were obtamed fram patieats m Delh
and were tested i Poona against leprospiral anugens in the complement
ficatton (CL) test* Leptospueal antgens as used n these tests possess
broad reacenaty and antibodies produced in man by one t pe are hnown
1o cross with Cf anugens of other tvpes 1 eptospirosis did not appear
to be a cause of the jaundice epidenuc 1 Delhi for as 1s shown i Table
1 the comvalescent serums obtamed about three weeks after hosprraliza
ton faled to rece wnh five leptospiral CF antigens whose potencs
was proven mn the same series of tests This supported the view that
the eprdenie was one of nfectious hepatits — i agreement with the
eprdenmotogical climeal and pathologreal findings made by 2 number of
mestiators

As this 1 the first recorded epidennc of hepantis i Delt one had to
constder w hether this mighe have been a new disease for Delle or whether
1t was an eprdenue of a disease alreads knowan to the area Actualls 1
the past few vears hepanus had been recening mcreastng attention by
Induan medrcal screnusts and particularhy the incidence of severe hepautis
1mong pregnant women had been under investigation m Gwahor and in
Dellu Other observations also showed that hepatiess had been endemic
1 Delhe for some ume Perhaps the best informataion on this situation 15

Tasee 1

ANTIBODY TISTS FOR 1§ PTOSPIRAL ANTIBODITS
IN DLLHI HLPATIIIS PATHNIS AND CONTROLS

Control Control Conr alescent Servans Control
Serwm Liter  Avtigen Titer Hepatstis Latients Senms ®
m Didin

Leprospira lryos 11284 18 o/L{ o/7
I “grippotyposz 1128+ 14 012 o/7
! seroe 1178 18 0/10 /7
I pomom 11284+ 14 13 1/3
L swcierohaemorrhigie 1 1784 + 013 077

Obrained from young adults 1 the Delhu arca n the course of previous studies of the
Virus Research Center
+ Numerator nd cates umber of posit ve € sts d nomunator nd cates total number of

tests carried out

The leptospsral ancigens and contr | mmmune serums 3 ere generously made avail
4ble to us by Col € A Dlessner and Dr Joseph L. dmadet of the Vb alter Reed Army
Institute of Research m Yvastungron
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that supphed by Dr R Viswanathan!  (See pp  o07- 10) About 1
cases of hepatitis per week were being recorded 1n 19,5 among oo coo
nsured government worhers The diseases among government worhers
because of their msurance plan are accuratehy recorded By extrapolation
5000 cases per vear would be expected among 1 800 coo persons in Delln
or a case rate of 3 per thousand per vear Durnng the epidenuc of 195,
there appear to have been about 35000 cases of hepatins making a rate
of 20 per thousand for the one month of the epidermc

The ummodal curve of the epidermic shown in Dr Viswanathans
paper demonstrates the sharp increzse 1n cases and the equally sudden
fall The restriction of the epidermic to onlv a few weeks immediately
suggested to the Indian eprderminlogssts that there was a nrssine exposure
for a hmited peniod of time through a common yehicle of infection This
vehucle could not have been milk or other foodstuffs because they are
supphed from a vanety of sources i Delht As the peak of the cure
was mamtamed for only a2 weekh dunng the latter part of December
this suggested that massne exposure had occurred for about a weeh
during the presious month The spread of disease from person to person
would not tend to show such a smooth uniform nse or smooth unmiform
fall

An anahsis of the ditnbution of cases 1 the Delh area established a
marhed association between cases and ity drmbing water! The com
muttee s report* indicates that the three arcas of the ety which were
on the mam city witer lines had approximate attack rates ringing from

3 to 6 per thowand The rest of the aitv mav be diided mro three
parts  South Dellu which takes its water from the Jamuna River but
which 1s rmles downstream from the main water mrahe plant ac Wazirabad
and West Dellu and Shadra commumties which take therr water from
wells These communitics had attach rates which were onhy 10 to o
per cent of those on the man water hines

It was of interest to look into another situation concerning two popula
tions lning under similar circumstances but differing onbv 10 their
water supply A number of troops were stationed i the Cantonment
area just outside the oty of Delht Among those on the Delhi water
line the attack rate of hepatitis was 50 per 1000 Among those stationed
m the same general area but separated from the main bods of troops and
comsunung well water rather than city water the rate was only 1 per
1000 The presence of disease in ths latter group nught bie explained by
the fact that the single patient had visieed that part of the camp serviced
by the ety water supphy about § weeks prior to his attach It 15 abo
worth considering the incidence of cases m the troops according to rank
because this indicated the tvpe of prior immunts which evsted 1n the
commumny  In confirmation of previous obsenations the rate among
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the officers was twice that of the troops and four tumes that among the
sweepers who come from lower sociocconomic groups in the general
population This ss particularhy true for the sweepers who n addinon
are exposed to human excrement in the course of ther daily work

The questton mav be ashed If the cases onginated from the con
tammated water supphy how can onc explun the cases which oceurred
in thosc areas which were not seniiced by the ey warer supph The
situation m South Delhs 15 dlustrative in this connection T rom mforma
ton made mvalabile to the comnuctee ! 76 cases occurred among 106 000
people gning a case rate of 07 per thousind Of the total population
of South Dethr 1t 1s esumated that about soco aduls workers hne em
plovment in other parts of the city served by the man water supply
Ine It 15 of importance that all 76 of the cases which occurred m South
Deltu occurred t this group of dah nugeators workers This gies 2
case rate among this group of 15 per thousand which » of the same
order as that found mn the citv as a whole

There was one notable exception to the correfieon between the geo-
graphical distribution of cases and the distribution of the iy water
supplt  Onc group in Delhi drank the aty water but had a neghatble
merdence of hepuitis This group was made up of the members of the
foreign embassies and therr families ——a group which if anvthing would
be expected to be even more suscepuble to Delhe hepatits virus chan
the local populanion However the lach of cases 1 this group mn be
atenibuted ro their practice of drinking onh boled water

Let us tumn bnefls to a consideration of the Delhi water supply
which daily 18 drawn from the Jamuna River st northwest of the aity
Followng the monsoons the aver floaded m lite October 19,5 As the
fload receded in Navember the rier changed its course ta the far bank
so that in order to get water into the airy a new channel had to be cut
from the new river bed at the far bank to the water intake plant at the
Wazirabxd Pumpng Station About 700 feet south from the water mrake
plant 2 nall7 or creeh flows mto the Jamuna Riser The walls collects
raw sewage for several mules upstream before 1c actually spills nto the
rer Dunng the normal course of events the sewage from this srream
enters the rner and flons downstream However as digramed
Pigure 1 during the period when the flood water receded and the nver
changed tts course the raw sewage floned by the water intake planc
and raw sewage heavils contaminated the water of the city  Durng
November and December the #3llz contained almost pure sewage for
there was no storm water mn Delh after mrd Qctober It should be
ponted out that Shrs R S Mehta the water engineer and hes staff made
heroie attempts o heep sewage from entertng the water ttake plant
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Fictre t Schemauc dagram of water flow i the Jamuna Rier m th
sieiniy of the W azicabad Pump ng Staton Raw sewage of the Najafgarh
Nalla enters the river 700 feet downstream from the Water intahe sice of the
pump ng station and usually flows downstream away from the stanon W ith
the change in the course of the 1 er w the far bank at the tme the flood
v aters receded the sewage flowed upstream and past the water ntake site
tefore it jomed the mer water As a fesult there was heavy contammnation
of the dnnking water during the period of Noyember 11-16

However the asailable resources were meager and for a peniod of about
aweel 1n nmud Novemnber raw sewage freely entered the water pumping
station

The muestigating committee uncovered some pertinent information
by which they could determine the extent of sewage contamination of
the water supply and also perhaps the relatnve effectn eness of destroy ing
enteric orgamisms n drinl ing water by means of chlorme Table 2 tab
ulates some of the data which appeared m the commttee s report ! During
the penod prior to mid November the amount of chlonde present in the
water supph of Delhy was about 6 parts per milion On November 11th
this increased to 13 and daly thereafter imncreased to 15 60 80 go and
61 parts per million As the nallz senwage contained about 6o parts per
million of chlonde this would mdicate that during the height of the
contamnation about so per cent of the water entenng the pumping
station was made up of sewage Then on the seventeenth the chlonde
dropped back to 6 indicrung that the sewage contamunation had been
ehnunated from the water supply
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Tanir 2

DICHE WATIR SUPPLY ¢ —W AZIRAPAD
PUMEING STATION

Chiorsle Alum Chirne Restfutd
Die (parts {grams Doge Chilorsne
per pullion) et gatlon)
November

1-10 6 06
1 13 o os
i2 2§ 29 063 o
13 60 33 12 08
14 RO 32 19 07
15 90 3t 18 07
16 4] 36 21 07
17 6 3o s 04

*Napafyarh Nalla sewage contained 160 parts per muflion f chlorde

Recognition of contammination soon after 1ts occurrence had been made
by the staff of the water plant They prompthy merersed the amount of
alum for emigulation and thev abo increased the dose of chlorme As
shown m Table  the normal amount of alum was increased from o8
to 36 grams per gallon and the chlenne from a pomal dose of 0§ 1o 2
dose of t pares per mulhon The restdual chlorine hkewsse ancreased
to 0 8 parrs per mullion duning the herche of the contanunatien Actualh
1t was the high level of chlorine m the water which fist informed Dr
AL S Chadha Drrector of Health Services for Delhy that there was
something wrong with the water supply  The health officer was un
aware of thy contimmation unul he noticed that the donking water had
changed 1ts flnvor for he could taste the hugh conceatraton of chlonine
This prompted hum to drive over to the water intake plant where he
was able to sec the extent of fecal contanmmition of the water entering
the pumping station When this was observed 1t was already the Jast
duy of contimmatton for by that time the engneening staff had been
able to have new channels cut fiom the rer to the water mtake phint
and the senage was then carned downstream rather than upstream mto
the water pumping statton The sewage engincer had faced 2 most difficu’t
problem because Delht has no reservorr and water suppltes for the city
st be tahen dalv from the tner If he had closed dava the water
meal ¢ phint then the aiy would have been withour water It s note
worthy that hepattis poliomyelitis and ryphoid have the same seasoml
occurrence m Delhr a shight peak in Scprember and October However
1t was only hepatitis cases that showed a marled rse about 6 weehs
after the sewage had entered the water supply

The mcubatton period of Deltn hepatitis 1s worthy of attention Therc
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15 luetle doubt that the hemvy contammatson of water from November 11th
to November 16th set off the epidemic so that the mcubaton period of
1 to 6o days with a mode of 4o davs can be established with 2 high
degrec of certanty  The incubation pertod of 4o davs 1s longer than
that which has been noted for infectious hepatits The mvestigatng
commuttee * suggested that this might be due to the chlonne treatment
of the water for the Phnladelphia group have observed that such tr at
ment may lengthen the ncubation period perhtps by partally damaging
the virus A second possibihry 1s that there are stratn dafferences among
mfecttous hepatitis viruses and that different stramns produce dweases
of different mcubation periods For example Ward and hrugman 3 have
recenzly worked with 2 stram of hepantis virus i ths country which
produces 2 nuld discase after an incubanion perrod of about 4o davs A
third possibaliey 15 that the meubation period was lengthened because
the disease was produced w partalls immunized persons That the popu
lation of Dellu was partally immune 1 known from the occurrence of
cases 1 the commumty before the epidermc and from the differences
in tates amoang the troops and therr officers presumabls depending upon
the extent of therr prior expo ure to the sirus Immumty 15 probably
celatine to the challenge dose and may be overridden by exposure to a
massue dose of virus However m such indnduals che onset of disease
ma be delay ed and the disease mayv be mild There were 73 deaths known
ameng the 35 guo cases or a mortality mdex of 1 per thousand similar
to that m nther outbreaks It has been said that this 1s no greater hazard
of death than 15 usual 1o Defln

Of all the eatennic mfections only hepatiess occurred 1 epidemc
form m the commumn There were no I nown 1ncreases in cases of palio
myehtis or of bacterial or amebrc enteritis Those studving viral infec
vons will be trerested to Inow that at the ume of the outbreak there
did not scem to be a marked prevalence of entersc or resprrators yiruses
mn the communitn W hile this would be difficult or smpossible to analy ze
from statsstics of recorded cases laboratory tests nught be expected to
reveal more information on the presence of viruses mw the throats or
mtestines of those studied

An mtensive effort was nmade 3t the Virus Rescarch Center m Poona
to 1solate an agent by modern nssue culture methods * As shown mn
Table 3 avanens of cells were emploved with the exception of monkey
lidney  all came from human sources Other than amnion cells the
human cell lines were mported by mr from the Umired Scates The
number of speumens collected and tested came to 158 these con nted
of stooly throar swabis acute phase serums and hier obtamed by bropsy

v arde View Re arch Genter v as carricd out an asocranon with P A
Bh:n A ,\ Thm T W rh and 5§ Vielmck
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In the course of testing 7t flwds from tissue cultures m which suspicious
changes were noted were passed but no agent was 1solated Not only
did we fail to obtain hepatitis virus but we also failed to solate any
other entenic virus such as polio virus Echo virus or Cowsachie virus
from this material which was collected chiefly from persons in the third
decade of hfe 4 (See pp 153-168)

Because some attention has been guen m this symposium to the use
of Detrort 6 cells 1t mght be worth noung here that this cell hng was
grown readihv m the presence of high concentrations of human serum
obtatned locally m Poona However when the human serum was re
moved and replaced with animal serum prior to moculation of the
human matenals the controls imanably degenerated n the course of
§ to 7 days The suggestion has been made by McLean® that normal
human serum mn various parts of the world particularly where hepatitis
1s enderme might ar imes contam a virus Such an agent nught be ntro
duced 1nto the culture from certan human serums used as nutrient and
then become latent 1n the culture The culture howeiver would be
protected by the anubadies present i other lots of human serem used
Y\ hen the human serum was removed the virus nught flounsh and de
strov the cultures sinular to the findings with polio virus ¢ and adeno
virus 7 Some of the pared serums from the Delh: hepatiis cases were
sent under code to Dr McLean and Dr Rightsel who have isolated
cytopathic agents from 6 of 8 acute phase serums but 11 onlv one or
tho mstances from the comvalescent serums of the same 8 patients®
Whether any of these 2gents right be hepatius virus remains for furure
work to determuine

CF antgens for a number of viruses have been prepared m tissue
cultures In some cases this has been possible even when specific cvio
pathic changes i the tissue culture were difficule to detecr For this
reason 2 number of ussue culture fluids harvested usually between the
second and third weel after moculation of the hepatius specimen were
screened as CF anngens agatnst hepatitis comvalescent serums Three
pools of convalescent serums were prepared from panents at the Irwin
Hospiral from patients at the Lady Hardinge Hospital and from patients
at the armyv hospieal m Delht

In an attempt to remos ¢ anticomplementary actmity the antigens were
heated at 56 degrees C for 45 minutes and then centrifuged at 2000 revo
lutions per minute and some at 15 ooo revolutions per minute for 30 min
utes A number of anngens — about 20 per cent — were stll anticomple
mentary after this procedure Tests were carried aut on plates using the
mucrodrop technique with overnight fivation at 4 degrees * Fach anugen
Was tested agamst the three serum pools at 4 dilutions of complement
The complement was albo utrated 1n the presence of each anugen and
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cach serum pool \s shown in Table y most of the antigens g ¢ negacie
responses However 3 showed fivanon of complement ar all Tevels wich
all 3 serum pools at 1 to 4 dilution and they were retested with § pars
of acure and comalescent serums ar 1 to 4 and 1 to 8 dilutons One
antigen shawed steong fization with hoth acute and convaleseent serunis
m out of the § pun tested The other  antigens gave weah fiatons
wuth the same sertms As none of the patients showed a rise 1 antsbodies
to the tissue culture 1nngens the posme Cl reactsons mmghe have been
posine tests for svphilis for there 1s probably enough hpid maternl
in the tssue cutare flud o have produced such a reactron Actualhy
Dr [ ows Vuschel has carried out 1 few pifor experiments to determne
whether 1 positne CI reacuon wan be obtaned between Hel 2 celly
and serums conruning reygin (W assermann annthods  or antiphospho
Iipid} 2nd obramned evidence for such a reaction WA e are not attempring to
propose the we of humin cells grown in ossue culttre as VW assernnann
antigen but sunph wish to pome oue thir posttnes of tius hind eccur
and mght be confusing in exploratory work of the nare carned out
1n the present experrment

1 would now like to tm to a consideration of the e group molved
i the Delhs eprdemic A lirgc majonty of cases accurred m the ate group
between o and g0 vears The explinttons that night be offered would
nclude the face that sesere hepatins wath jaundice 1s not often seen

Taste 4

TLSTS OF TISSUF CUITLRI FILIDS OF DIFHIRINT CELL LINES
TOR COMPLIMENT~EINING ANTIGENS

U ttersal

Tocutued  Mandey

it Ridney  Awmmon* KBt De  Helat Iwes Hep-2t Toud

Tissue  Cells* trout 61 tne

Cotture
Sroofs 19 18 14 13 4 -~ - 64
The atswabs 15 15 4 B 2 8 = 57
\cute phase

crums - - o~ 18 17 3 6 44
None R 1 2 - 1 = = 5
“Total 35 34 20 % 3 7
Anucomple-

mentary

anigens 8 6 5 8 5 2 35

sfacto
S » 8 1 12 19 1 4 5

Trssue culture mamntenanee fud M modium plus pee eent calf senm
{ Trssne culeure mamte ance fd Fagle  medt m plos  per ecnt & 1f serum
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the voung and that the distribution in the epidernic 1s mereh a reflection
of hepatitss as 1t occurred m the community Secondary cases would not
be expected because few persons would have remamed susceptible after
the widespread and massne exposure However 1t should be recalled that
there were no obsersed secondary cases even m arcas which were not on
the water bnes from the Wazirabad Pumping Station Moreover jaundice
epidernucs have been recorded which included a substanual number of
cases i the ages between § and 15 years a group not promunently mvolved
m the Delhs eprdemic

A more attractive hy pothes:s 1s that the epidemuc was imposed on a par
talh immunized populanion -— one sufficienth immumnized by the endemic
prevalence of the disease to prevent major outbreaks from infection that
occurs n response to normal exposure Thus hepititis mn this eprdemic
would have occurred onlhy 1 those in whom the massive exposure was
such that 1t overrode the immumty present n the ndividual Wide
spread immumits m the population would have prevented secondary
cases occurring at a rare above the normal one at which cases oceur m
Detht This explanation fits the observations i an area such 15 South
Delhi 1n which like the other areas of the city there were no secondary
cases The people in South Delhs as mentioned earlter were not generally
exposed to the water of the ciry and cases occurred onlv among those
daily migeatory workers who worked in parts of the civ where they
drank the Delh: water and then returned at mght to therr homes?! No
secondary cases occurred m South Delhy mndicating thar its mhabitants
had sufficient immunity to proteer them against normal exposure to n
fected persons The long ncubation peniod of 40 davs mught also be
explaned by a delay 1 appearance of syvmptoms 1n persons possessing
partual mmunity

In addition to knowng that hepatiis was endenuc 1 Delhs from the
fact that about 100 cases per week are normally reported the relation
ship of station 1n tne armyv to ncidence of cases 15 such as to ndicate
that there must have been mmunity 0 Delln particularly among the
poorer classes for we find that the sweepers and troops had a lower
mcidence than the officers who come from higher stations n bfe

The question might be rased VW hy should cases accur at all 1n such a
widely immuruzed population Some data on antibads levels in popula
uons exposed to another enteric virus that of poliomveltis might be
used 2% a model It hi recenthy been shown from studies in scrological
eprdenology that pohom chtys nevtralzing annbodies once grined are
not muntuned at a umform level m the commumty  but acrualls fall
with the course of ume followng the ongnal exposure ® Thus the top
half of Migure  demonstrates the levels of antbodies of those 1n the lower
socioccononne group of Charleston Vest Virginia—a group which
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cach serum poal As shown in Table 4 most of the sntigens gave negatne
responses However 3 showed fivanon of complement ar all Jeses with
all 3 serum poobs at 1 to 4 didution and they were recested wath § pairs
of acute and comvalescent serums at 1 to 4 and 1 to 8 dilutions One
antizen showed stroag fixatton wich both acute and convalescent serums
m oue of the § pars tested The other  anugens gave weak fixapons
sisth the same serums As none of the patients show ed a rise m antbodies
to the tusue culture antgens the posie € rercnions micht have been
posttne tests for svphils for there 1s probabh enouch hprd materal
in the ussue culture flurd to have produced such a reaction Actualh
Dr Lows Muschel has carried our 2 few pilot expenments to determine
whether a posuse CU seaction man be obtuned beeween Hela cells
and serums reagmn (Wa tibods or antiphosph
hpid) and ebtaised evidence for such a reaction WA ¢ are not attempting to
propose the use of human cells grown 1n tssue cubture as V3 assermann
antten but sunph wish to poine out that psitnes of this kind occur
and might be confusmg, i explorators work of the nature carned out
1 the present experniment

I wauld naw like to tura to a consderation of the age group msohed
m the Delhi eprderme A large mjority of cases occurred m the age group
between o and 4o vears The explanations that mighe he offered wovld
snclude the fact that severe hepatits with jaundice s not often seen m

Tanee 4

TISTS OF TISSUF CLITLRE 11UIDS OF DIFFfRENT CELL LINES
TOR COMPLEMENT-HNING ANTIGENS

Matersal
Tmacrdated M nley
ito RAilwey  Awmon*® RBYt  De IHelat Imes Hep2t Toud
Tuswe  Calls* trat 61 et
Culture
Swols 19 18 14 2 4 — —_- 61
Theaat swabs 15 15 4 13 2 8 57
\cute phase
scrums bl hed - 18 17 3 6 4+
“one 1 1 2 = t = - 5
Total 35 3 20 40 24 m 6 170
Anticomple
P 2
:nngcﬂr}s( 8 6 s 8 s 2 35
factar,
S’:i:: il 27 g 15 32 1 10 4 135

Tass e culture manenance flad A mediam plu _per cent calf serum
1 Trewe culure mauneenance foid Fagle med um plus per cent calf serum
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Ficvre 3 Theorencal evplanation of age distrbution of cases i the Delly
hepatius epiderme Prot able early acqustion of antbody and s fall over
2 period of years 1s sho m A low level of anubodies suffices for protcenion
against the usual dose of virus to which a person 1s evposed but a high level
15 postulated for protection acainst massise doses of virus such as occurred
Deliu 1n Nosember 1955 High antbody levels would be expected in those
most recently infected namely the young and thercfore cases mught be
expected to occur with much higher ftequency o those over the age of
15-10 years

to further exposure to usual doses annbodies would fall steadily with
the course of ume A low level of antibodv seem sufficient for immumty
to normal exposures 1 view of the fact that gamma globulin protects
against the dosages mvoled 1n normal exposures (If gamma globulin 15
noculated nto people at much higher dosages than those used for hepa
nts prophylaus  poliomyehus antibodies which can be accurately
measured are present at such low concentrations m the recipient that
they can just barely be detected ) Immune phenomena not being all or
none we would expect that higher antibody levels would be necessary
for immunity to massne exposures of the type which took phce 1n Delht
and the cut off point for p would be corresp gly rased
1f this concept 1s true then we would expect to find cases occurnng

chiefl\ after the age of 15 or 20 years which agrees with the observations
mn the Delhy epidermc,

Surivary
During the past December and January an exploste outbreak oc
curred producing chnucal hepatas in about 2 per cent of a population

ing 2 million The g phic distrtbution of cases together
with the explosive nature of the outbreak indicated to Indian epidemiol
ogists? that the agent was d 1n the . by

means of the water supply The contanunauon of the water supply by
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Tgere 2 Pacterns tahen fr m sudies on the serolopical epidemiology of
polu mycltis® Acquisition of antbodies 1 high tter s follswed by ther
gradwil decline aver the years

mighe resemble the general populacon of Dethr It can be scen thar these
anttbodres are acquired early in life that at the time of acquisition thes
appear at lugh tter and then as the vears pass antibodies — although sull
widels prevalent n the population — are found only at low or medium
lesels In the upper sociocconomic group by contrast one finds that
there 15 less exposure in the young but by the nme adulthood 15 reached
most have become mfected Because adults have been infected more re
cently the levels of antbodies 1n the older populations m the upper
sociogconomic groups in thts country mayv be lugher than those found
1 the lower socioeconomic group

Now 1f this situation can be wsed as 1+ mode} for another entene virns
nfection nameh hepatiis we should be able to draw 2 hypothetcal
curie as that in Digure 3 for antbody levels 1n an area lhe Delhr where
hepaqtis 18 endemtc One mughe expect that under conditions of hfe in
Delty saung children vwould develop antbodies to high wters and that
these would he muntamed for a period of some vears perhaps by muluple
exposures and infections then because solid immunmy would be present



'

“-

ES

o~

©

A W ater Borne Urban Epidenuc of Hepattss 22
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sewage was actulh found to have taken place over 2 penod of one
weeh and occurred about six weeks before the peak of the epdemic
During the peniod of contanunation the water was treated with high
doses of chlorme which mught well have prevented entcnc diseases,
other than hepatitis from breaking out n the cits It 15 my feehing that
the outbreth can best be explamed as due to an overwheloung of the
inmuniey which already ewisted 1 the Delhi population by the et
tremely massive exposure to the virus

Tissue culrure studies carrsed out with a number of cell kines including
Detrait 6 faled o result sn the nolation of an agens from specimens of
blood throit swabs and feces The studies are noteworths not onh be
cause of hepantns but ako becwnne they failed to reveal any other virus
m the patients studied perhaps because the veiral flora m India 15 mamb
Jumred to voun., children
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Endennc Viral Hepatitis mm an Institution
Epidennology and Control*

ROBFRT WARD MD SAUI RRUCMAN MD
JOAN CILES and MILTON A JACOBS

(New Yorl New Yorh and Staten Island New York)

Since 1953 more than 250 cases of hepattis with jaundice have been
recognized in patients at Willowbrook In addition 65 cases occurred
among attendants During 1955 alone there were 106 cases in patients —
an attack rate of 25 per tooo-—and 23 cases among attendants an attach
rate of 4o per 1000 The disease was not severe even in adults There were
no deaths atrnbutable to hepatinis but 1ts protracted debilitating narure
did entail considerable loss of work on the part of hospital arrendants

The Instuution Willowbrook State School 1s an insutution for the care
of mental defectives In March tgs3 there were about 3200 patients In
June 1956 the census was 4200 The rate of admussion of new patients to
the institution averages 15 to 2o per week

The panents are distributed m 18 separate butldings with rouchly

00 to 250 patents per building Afeals are served to some 1n 2 buildings

m each of which there 15 2 central hiechen supphying 5 dining rooms
Others eat 1n the buslding where they live No cases of jaundice have been
recogmzed in food handlers The water supply 15 the same as thar for \ew
York City Sewage 1s processed in a modern disposal plant with coarse
screening setthng tanks and heat digestion wich average temperatures of
87 to 9o degrees I' The efffuent flows eventually into New York hacbor
‘The sludge 15 dried and then may occasionally be used as fertihizer on the
grounds No vegetables are grown on the prenuses

Shigella organisms gre grown frequently from the feces of cases and
carriers

The tudes her i rep 1t 1 were ¢ nlucted un ler the spenscrstup of the Com
moimon Vil Inf oo of th Armed F rees Ppudem | gicat Boa d and supe
pored by the Office of th Surge n Cen £1 D g rom ne of the \rmy

i






AGE DISTRIBUTION OF INMATES AND

CASES OF JAUNDICE 1953 55

AGE {years) INMATES JAUNDIGE  RATE/1000
No * o ”
o4 535 128 15 EX) 30
59 1017 243 4 26 4
7ne
10 14 858 206 M 182
1519 576 139, 47 253
20 29 621 148 22 ns
0 a3 75 13 70 40
40 49 161 38 7 38 4
50+ 96 23 s 27 52
a1 100 © ™6 1000
Tavte 2

HEPATITIS AT WILLOWBROOK STATE SCHOOL

DISTRIBUTION OF CASES BY BUILDINGS

BUILDING NO 3953 1954 1955 1956% TOTAL

2 3 6 9 10 28
s 4 6 19 5 34

6 1 4 8 2z 15

ki ° 3 4 4 n

8 1 5 7 3 16

9 0 3 10 4 17

1 o [ 4 3 7

13 0 1 2 [ 3

15 o 2 4 9 15

21 6 s 5 3 22

23 7 [ 4 3 20

25 1 [ 19 5 25

21 1 2 2 4 9

29 [ 0 1 5 [3

32 9 4 6 z 21

22 [ [ [ 3 3

19 ° [ ° [} 0

20 ° 0 0 0 0

33 a7 1065« To%s  TEHw
** Building unknown 2 patients * incomplete

Tasmr 3
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Distriserion o Hytanms
1 By semon The monthly dutritntion of cises over a 3% year penod
15 shown 1 Table 1 Cases ocourred 10 evers month wath perhaps 3 shghe
concentratton during the wirnt months of ful cheouch October

HEPATITIS AT WILLOWBROOK S5TATE SCHOOL

SEASONAL DISTRIDUTION OF CASES

1953 1954 1955 1956  TOTAL

POPULATION (AVG ] 3500 3900 4300 4200
JANUARY z 8 H 15
FEBRUARY 2 4 9 15
MARCH 4 15 6 25
APRIL & 1 8 5 20
MAY 4 3 7 8 22
JUNE 4 1 6 7 21
JuLy 4 1 21 16 &7
AUGUST 9 ) 7 8 20 %
SEPTEMBER 2 s 7 + 18
OCTOBER i 10 10 2 23,
NOVEMBER H 3 & 4
DECEMBER 1 6 7 14
TOTAL 33 47 108 70 236

* ncomplete

Tan o

+ By 1gc The distribution of 186 cases of hepatitis according to age 1
shown m Table 1t 15 compared with the age destrbution of the populz
tron Over o pes cont of the inmates ire below the age of o years and st
1 1n this group that 74 per cent of the cases of avert jaundice oecurred
The rates per 1000 over a 3 vear peried vared from 3o an those under §
years to b1 an those 1y fo 19 Doubtless there were many unrecogmzed
examples of hepatitn without jndice

» By bwldmg During the List 31 vears hepanius his been detecred m
16 butldings and not i {Table 3) Buldings g and 5 where the gretest
number of cses were seen housed cluldren from 3 to 1y vears old The
two buddines wbere no cases were observed provided care for tuberculous
patients (#19) and ps chotic elderly women who were disturbed and

confined (# o)

petwien cntering Willowtr100d nd onset of hopatis It

3 By utery i
o know how soon after bung adnuteed to the ra totion

was ymportant
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weeks no cases of hepatiis wath jaundice occutred 1n the groups recening
gamma globulin In the control groups cases contnued to appear for
several months Dr Stokes offered the attractiie by pothesss of naturally
acquired actt ¢ immunity supenmposed on passie immumty to explan
these results

(z) Could passne active mmmumey be experimentally attempted m
human subjects who would later be tested for protection®

At present 1t 15 possible to present only fragmentary answers to these
questions

ResviTs

(1) Effect of gamma globulin on endemtc hepanis The march of
hepanitss during 19y5 and 1956 up to October 15 shown i Figure 1 Dur
mg 19,5 a toral of 106 cases occurred with shight concentrations mn the
spring and summer months Durning the first half of 19,6 38 cases were
fairly evenly distnbuted as to month of onser On June sth and 6th
19,6 gamma globulin* was grien mrramuscularly 1o sbout one third of
the patients m each bwlding t The groups to be moculsted were selected

HEPATITIS AT WILLOWBROOK

: . e
i '
TR ] CRBE ) YT TP SRR R I:LL.:._

NocuULATED
oTaL 2z wwTEs

sLasuu

co moLs
TOTL 36 ATIE DA 15

s ve s Se sanlee _vu u_ . n_ = 2 ¥%wl . 5

ocuL TeD a6
Yory oz teo T8

kigy

mm globn a pryarclly € unly 3 Labur tories Tos Angeles, T ot %500y
and kodi made avalat] 1y the Ne  \ rh State D parrment of Health The o we
W2 00 ¢ perpound fbab v ghe

t1 cept for Buling v 1ch nludes slat 0 wards for mfectious discases
w lul g hepaur
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INTERVAL BETWEEN ADMISSION TO WILLOWBROOK

AND ONSET OF HEPATITIS

INTERVAL 1953 1954 1955  TOTAL &
{ 45 daye 1 e t 2
DAYS ( 1699 s 3 13 2t 1
(100 179 1 3 1 » 1
( 6 13months IS 23 7 s 0
MONTHS { 14 24 3 4 " 24 13
{ 25 47 4 10 1 25 13
U 48 724 1 4 2] 19 10
“wT AW e T T W
Tanr 4

the patients came down with hepattss W ere they incubatng the disease
on entrs > Could the hepatitis — exther infectious or serum hepatitis — be
related to mjections or to some other procedure carrsed out on entn?
The relation of length of stay at Willowbrook and onset of hepaatts 15
shown m Table 4 Onlv  panients developed hepatitis within 46 davs of
admussion Since thes has been considered as the upper haut of the meuba

tron penod of infectious hepatitss 1t seemed nnhheh thar JH was eher
bemng incubated on admusston or was related to mjections ar other pro-
cedurcs done at this ime The onsce of about one fifth of the cases was
berween 46 davs and 6 months after entry It was concenable thar these
represented examples of SH acquired on admesion Thrs appeared un

kel because nto blood or blood products were gnen and furthermore
needles and s\ ringes are routnels autoclived The fact that the onset of
three fourths of the cases occurred 6 months or more after admission
suggests that the hepantis was acquired at the msttution and was most
Iikely infectious hepattus

PrLax or STem
1n attempting to ymestigate and possibiy conrrof hepanus at thus mstt
rution two reliced questions were ashed
Gy W ould gammna globuehn stop hepanins in the moculated group in
the same manner as reported by Stokes and his associates workmg 1n a

similar wnstitution?® * These w orkers reported that after the first 2 or 3
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EXPERIMENTAL HEPATITIS

Ist WILLOWBROOK STOOL POOL TITRATION BY MOUTH

s R ki
3 0 " ‘ PO M
z 10 ne ' mRLugee &
' 1 3 o 33000,0000 .:.
' ) noeo ooot | ooogasoo K
t [ HOD,000 coooo | 00000000 g
Tanie 5

aruficially m small groups of isolated patients Accordmgly a utration
of virus n stool was carried out as follows A 20 per cent aqueous sus

pension was prepared from stools of 6 patients m the first 8 divs of ob

served jaundice Three centrifugations were carried out 1 at 2000 revo

lutions per minute and 2 at 8500 res olutions per minute for 1 hour The
supernate was heated at 56 C for half an hour and treated with pemeilhn
1000 units and chloramphenicol 100 micrograms per mullihiter before
stertity was achieved Thus stenle suspension was inoculated into § mon

kevs (1 cc intracercbrally) 47 suckhing mice Hela and monkes Lidney
ussue cultures No changes occurred in any of these test objects and the
monhevs spmal cords and bran stems showed no ewdence of poho

my elwis lestons

The suspension was therefore deemed safe to feed Permnsion was
obtained to do so 1n groups of newl admutted children 3 to 10 vears of
age They were admitted directly to and kept n separate isolatton wards
of the sume building They were cared for by attendants who had nothing
to do with pauients 1n the rest of the mstitution.

In the first tral shown on the botrom three rows of Table 5 we started
gingerly with very dilute suspensions 10~° 107 and 10! One of 8 chil
dren recening 1 cc of to per cent suspension n chocolate milk (o t Gm
of stool) came down with ty pical hepatitss with jaundice on the jgth day
None of the others exhibited any thung suspicious during the periad of
observation In the light of present hnowledge of the incubation period
of this stram the period of obseryanion may not hase been long, enough
nor were thes studied as intensnch as was the last group (grovp 3
Table 5)

In the second tral 10 cc of 10 per cent suspension or 1 Gm was fed
10 11 subjects Four devcloped rvpical jaundice wih confirmatory lner
function tests at 39 39 43 and 49 davs after feeding A fifth pavent
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as follows Tists were prepared of patienes m each building according to
duraton of stav ac Wallowbraol * Prtients with a previous hitors of
hepattis were elmnared In cach butlding, evers thurd patient on the hst
w3s given gamma globubn Inoculited and control groups were com
prble as ro age sex rice and exposure to hepatiers at Wallow brook
In addition gammn globulin m the same dosiee was offered ro attendants
onan clectne s There were 1 g attendants who chose to recene it
whule 456 did not

The subsequent occurrence of hepatitis 1n these 4 froups 15 seen n
Tigure t In the 17 wechks thit hue ehpsed 26 crses occurred m the
untnaculred control group w hich totafed almost 3000 [ e cases accurred
in 2 groap of tbout 1 oo gen gammn tlobulm The aterck eates per 1noo
for this 17 week period were 8 7 1 the control and 4 i those mocubited
A test of sicihicance by the ol squrre method suggests thae thes aif
ference could e occurred by chanee alone 1§ trmes i too Fyen when
the crses occurning v the fist 2 weehs frer gamma glolubn are chm
mnted from the ealeuhition (5 from the controls and 2 fram these mocy
Ited) P = of Howerer it s qute posble that the absence of cases
occurnng i the g globulin group for a § week period (from the
third through the scventh week after inpection) was somchow nsocrared
with protection perhiaps pasne alone conferred by gunm globubin
Durmng, this peniod 1 ¢ises oceurred i the control group There » hetle
crudence at present of so called  passive actne ammumits an the group
which recened gamma glabulin In cantrist to Stokess experience m
which no cases of hepititss with jaundice occurred after the sccond week
i the Willowbrook study 3 cases have tlrerds had therr onsets & 11 and
17 weel s respectively after injection To exphun this drierence such fac
tors as dose and quibins of gamma globulin should be conssdered By the
samc token the outbreal s myestigated by Stokes were more explosive than
those thit occurred 1t Willowbrool  The chance of beng exposed to
hepatios varus at the mghe time — when protected from mfection with
aundtee by gz globulm — was perhaps Jess at Wallow brook than in
the imtitutions studied by Stokes Inanv evene ar should be stressed that
this 1s 2 repart of progress only In the course of time the wccumulation
of new data may bring new evidence to bear

As far a5 the attendants were concerned there 15 nothing to suggese
a pratectine effect from gamma globulin

{2) The second question was concerned with attempts to induce

passtie actise  ummuntty by simulrincomly ojectng ganni globuln
and feeding virus contuning maternl Before proceedms, with such eruals
1t was umportint first to obrain some estmate of conceneratton of virus
o be wed The mildness of hepatitss ac Watlowbrool - espeenlly clul
dren and 1ts prevalence scemed to qustifsy attempts to mduce the disene
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puanms (oo COURSE OF HEPATITIS AFTER FEEDING WBRK VIRUS
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The mean normal v1lue 1n adults 15 ¢+ umits with a standard deviation
of 7 The upper hmt of normal 1s considered to be 40 [xtremely high
values have been found m certam tissucs of awtopsied panents with
cancer lnver was over 1000-fold greater High values huve been found
i the serum of patients with carbon tetrachionde powsoame These rep
resent the firt determimations 1 children and the first in c1ves of hepatitis
It appetrs thar the mean average value n subjeets before feeding was
31 unuits The medsan Wwas 30 (range 6 to 54) Inthe 1 panents of group
3 who developed jaundice the peik levels ranged from 65 to 1 30 The
mean averat.e w1s 44t The peakl erther concided with the appeirince of
nundice or preceded this by a few dnstoa weel A gradual rice 1n the
Yerum Bomerase aetivity Was apparent 1n some pavients and anticipated
by several davs evidence of hepatitis based on chinical mamfestations and
other ver function tests

Staary
Camma globulin oot ¢c per pound was gnen to bout 1 oo INmates
of a mental imstirution where viral hepaums wis enderme About 3000
served s controly
The artach rates dunng the 17 wechs following mection were 8,
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wened up with jwndice on the 615t dav None of them had more than
avers mid transtory upset assocrared with jundice

In an effort to produce jundice 1n 1 larcer proportion of the rccipients
13 children were fed o ce of o per cent suspension or 4 Gm This re
sulted sn hepatits with jaundice m 12 of 13 Agam the Jong tncubation
periads of 4o to 67 davs were absenned

Frqure  and f1.ure 3 show schematcally the course of hepatitis 1n 2
of these subjects The course dllustrated n Ligure 3 15 1n example of what
was found m severtl subjects namehs 2 prodromat illncs occuenag 1 to
3 weeks after fecdme and chimcterved I transitony fever somiting
and oceasionally duarrhes and enlirgement of the Iner and equnocal
Iner function tests These epnodes preceded the omser of hepruos and
jindice by 4 weeks or more Hepatis was confirmed by a batters of
usttal Iner function tests

In addimon serum phosphohexosomerase was hndly easured by
Dr Oscar Bodanshs  Ths ghieoh ic ensvme medntes the reversible
comversion of glucose ¢ pho phate to fructose 6 phasphite The actity
of the ensvme v expressed in unsts with the dimensions of cubie centt
meters

M ARROYA |groq,  COURSE OF HEPATITIS AFTER FEEDING WBRK VIRUS
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Epidennological Aspects of
Acute Hepatitis 1n Clule

RICARDO RATZ, MD ABRAHAM HORWITZ MD and
HECTOR DUCCI MD

(Santiago  Chile)

The majonty of cases of hepatitis occurring m adults 1 Chile are
ssolated instances No fanuly outbreaks or epidemics have been observed
Ttus pernuts us to assume that most cases are examples of moculation
hepautis or that there exsts an mmportant number of unrecognized sub
ICLETIC OF ANICLEriC Cases

Among children on the contrary small farmbal outbreaks of the
bemgn form of the disease are of frequent occurrence

In order to gain information about the meidence of secondary cases
we carried out the following study

Due to the lack of a specific laboratory procedure for the recogmmuon
of hepatitts serum biltrubin and flocculation tests were performed on
the home contacts of adult cases of hepatitis In order to make a com
parison the same laboratory tests were carned out on home contacts of
patients hospitalized for other reasons a large number of apparently
normal subjects and on home contacts of cases of hepatiis occurring 1n
children

MatrFriaL aNp \MrTHODS

The laboratory tests used were prompt direct and total bilirubin
thymel flocculation  cephalin cholesterol flocculation and collordal red
tests These tests were carned out i a senies of §65 apparently normal
subjects

Also 711 contacts of 251 adult cases of hepatitis were studied Once
the diagnosss of the index case was established a home visit was made
Blood was drawn from the contacts and the serums subjected to the
same laboratory tests These were repeated approximatels one month
later 1n all contacts

Concomitanth 2z 3 familv contacts of adulr patients hospitalized by
diseases other than hepatitis were studied i the same way

237
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per 1000 for controls and 3 per 1000 for those gnen gamma globubn
The protectnne effect of gimm globulin was noc dreamatic and may have
been ltmnted to a pentod 3 to 7 weeks after noculation

So far evidence of passive actne smmumty has not been apparent in
this study

A suspension of stool from jundiced pruents i this institution has
been fed m graded quintitics to subjects held in isolation Viild hepatitss
with jrundice was produced after long mcubation periods (39 to 67 dass)
in 18 patients The go per cent infectinaty (Jaundiced) end pomt appears
te bie about 1 Cm of stool

The stage 18 set for carrving out controlled tests of pissine actne
mmuntty

ACRNOWTFDOMPNT
We would hke to thank the vanous members of the Viral fafectran
Conmussion of the Armed [ orces Tpidemiological Board especsally Dr
John Paul for strong support and help m designing these trals
% ¢ arc indebted to Dr Pael I} Hoch Commussioner of the New York
State Department of Mental Hygiene and to Dr Harold H Berman,
Director of the W illow brook State School for their splendid co operation
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Among the 721 contacts of adults with hepatiuss only 4 cases of hepauis
with jaundice were observed Houwever among 61 contacts of children
with hepatitss g cases of 1cteric hepautis and 5 cases of anicteric hepanitis
occurred This difference led us to anabvze the age distribution of the
contacts with and without hepatitis m both groups This distribution 1
shown m Table 3

Tance 3

AGE DISTRIBUTION OF THE CONTACTS OF HEPATITIS
INDEX CASES AND OI THE SICONDARY CASES
WHO HAD HIPATITIS

Aotirs
Cases of
Index Cases Hepatis
Cantacts (721)
Less than 10 years of ame 114 (158%) 3 (065
More than 10 y ars of age 60 (837%) 1 (0165
Cimprrs
Contacts (61)
Less than 10 3 ears of age 50 (82°%) 14 {8%)
Morc than 10 vears of a,¢ 11 (18%) 0 (©%%)

Among the contacts of adults with hepatiis 3 eases developed in
children of less than ¢ years of age although the contacts in this age
group represented only 158 per cent of the total Voreover all the
cases of hepatiis with jaundice among the contacts of children with
hepatitis occurred 1n persons of less than ¢ 1 ears of age

Disctssion AND SUMAIARY

Qur miestigation on the familial contacts of adults with hepattis has
shown a low incidence of secondary cases This supports the impression
that most cases occurring i adults in Chile correspond to examples of
moculation heparitis

According to our results the lack of famly outbreaks 1 relation to
2n adult with heptitis 1s not explumed by the occurrence of subclinieal
cases The proportion of abnormal results of the laboratory tests used n
the contacts of hepantis cases 1s similar to that obtained 1 a control
group formed by home contacts of indiiduals hospialized for diseases
other than heprous

In the group of apparently normal indiniduals here reported a hicher
proportion of abmormal results of the 1sboratory tests than that observed
by others was obtamed This discrepaney 13 due to our lower upper
nomal ks prompe direcr bibirubin o 4 and total bihrubin o 99 me
rer 100 ml of serum thymol flacculiion negatne cephalin cholesterol
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“The same imvestigation was carnied out on 61 contacts of 4 hepatitis
cases younger than 13 vers

Restrrs
‘The percentige of positiaurs of the haboratary tests m the contacts of
adules with hepatiis n the contacts of adule controls and in 2pparently
normal subjects 15 shown sn Table 1

Tame 1

PIRCINTAGES OF POSITIVITY OF THE 1 ABORATORY TISTS
N 720 CONTACTS Of ADUETS WITH HEPATIIS
223 CONTACTS OF \DUI'T CONTROLS AND
565 APPARENTIY NORMAL SUBJECTS

Trompt Totad T leymol Ceplialin Colter
Deect Beliru Hoeula Clrlesie dil
Bisrubsn b ton ! hed
it i % % %

Hepanos contacts
a2 nse 36 21 63 L]

Control contacts

2°5) 139 45 2t 166 358
Normals (565) €3 41 e 218 03

The companson of the results i the three groups shows

(1) A hich percentage of abnormal tests in apparentls normal sulyects

(2} A shghtly lugher perceatage of abnormal results 1n hepatitis con
r2cts than m control contacts This difference 1s statnucally sigmheant
only for the cephalime cholesteral flocculaton

(3) That the companson between contacts of hepatius and normat
subrects mahes the difference erroncoushy signtficnt

The incrdence of hepatins with jtundice among the contacts of adults
and children with hepatitis 1s shown mn Table

Tamr 2
INCIDINCE QI HIPATITIS IN CONTACTS OF INDEN CASLS
Antes
Infex cases a51
Contuts /21
Hepantes with jaundice 4 (0559%)
CHiLoren
Infex cases 2%
Contacts 61
Hepanus wich jaundice ?)(1.. 97y

Hepantis wichout aundice
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DESIGNATED DISCUSSION

Havs F Suerana M D (Dellu India) The only distinction that en
nitles me to discuss the eprdermiology 15 that T know nothing about 1t
therefore my judgment 1s not clouded by any specul knowledge of the
subject

However the student of hepatitis or of disease i general has to be
meerested i epidenuology  and the only knowledge that 1 can present
here 1s my presence in Delln dunng the epidenuc which, from several
points of v1ew was rather nteresting

First of all 1t was ke an expeniment We 1now exactly the date on
which the water was contaminated and how long 1t was contarmnated
We also know the supply lines of the water from which the population
was affected From these data something could be calenlated

Howcver 1t became obvious that a large apparatus was necessary to
study the epidemiology  which consisted mainly of the accumuhtion of
accurate data and m this pirucular siuation 1t was extremely difficult
Ve are very grateful to Dr Melnick for providing perhaps the most
accurate information that we have during this nme

The other point 1s this Why did this epidemic break out in such an
evplosne fashion It s said that there ts quite a ligh incidence of endemic
hepatitis 1n Delht but perhaps the heny infestation of the water broke
through thiy defense mechanism of the population It alo was clear that
the higher brachet of Indians was more affected than the sweepers per
haps again because the latter were more accustomed to that sort of
mnfection

GI'NI'RAL DISCUSSION

M Bysenrsor M D (Copenhagen Denmarl ) I would hle to briefly
hwstrate one pomt i Dr Pauls piper by demonstratng changing age
distnbution of hepantis in Deamark from 19 8 to 1956

Adult patients over 15 years of age comprise an ncrersing proportion
of the total number of patients From 1930 to 1935 about 40 per cent of
the patients were adults while since 1945 approvmittely o per cent
of the panents were adults In the e 19405 we assumed ths was due to
the viruy prevalent ar thar tme The age dntnbution however his not
altered since then | wonder it this has been observed n other countnes

Svin Carp M D (Stockhalm Sweden) 1 have threatened to say some
thing about an ovster epidemic and 1 think 1 had better do it T will be
as bnief as possible

In Sweden around Chnstmas of 19 5 an outbreak of hepatius was
found of a rather unique v pe The dntnbunion of cses was concentrated
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a 1

negatne and dal red 2 If 2 lugher upper normal e
s used the percentage of positiie resuits 1n cases of hepatis 1s greath
reduced

Although the group of apparentls normal individuals showed 2 hich
proportion of abnormal results its comparison with the group of adule
heprtites contacts would make sterpretation of the difference erroneoush
sigmficane This difference diappears of the hepautrs contacts are com
parcd wath the contacts of patients hosprahzed for discases other than
hepatis

The occurrence of small outbreaks of hepatitis ;m children has been
confirmed It 1s possible thar the opportunites for being infected with
natural hepatitss at an early age are great in Chile and that the subsequent
immuniy reduces the number of cases of this tvpe of hepatius in adulks
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never been m the harbor 2 mixture of freshly caught and stored ovsters
and finally some shipments consisting only of oy sters stored n the harbor
It was not possible afterwards to assess the different shipments in these
Tespects but considering this 1t 15 quite remarkable that among 300 con
sumers who were rounded up 1n Stockholm, more than 5o per cent had
come down with hepatitis

‘There were accastons when the person had entered the shop and just
had a morsel not 2 whole ovster and stil came down with hepatitis four
weeks Jater This mav serve as a justification for our attempts to try to
grow hepatitis virus 1n oyvster tisue
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in three of the larger aines and scattered over 102 different towns m
Sweden

The eprdemic was soon traced to oyvsters delnvered from two different
wholesale establishments 1n 2 small fistung vithige on the west coast
There were vers mam cases in the village around November 25th and
the number of the infectious ovster meals rapadiy fell off after that

This epidennc started around December 18 or 19 and cbbed away
around January 15th altogether there were 6 g cases

The rather unusual feature as compared with the cases discussed pre
veoush today as mualy mn the 2ge group which was from 25 to 6o s ears
with practicailh no children involved ac all Turthermore there 1s a pre
ponderance of mile patrents in this materal Almost go per cent of the
patients belonged to the higher sociacconomic group Tt shows agan the
preponderance of men over wonen

It was soon found that 1 this ylhge one person had come down with
hepautis on November 4th He had worked i the establishment on the
north pier up untl November 23rd On November yth he sty ed at home
mbed six davs later he was taken to the hosprtal with a ¢y pical acute hepa
utis

There are flush toilets in the villige and thes are connected with sewers
that empty directly into the channels without any purtfication There are
three on the west side of the harbor and one on the cast side

In the cstablishment at the north prer there was no flush toilet but a dr
toilet The receptacle was emptied into the sea outside the harbor once of
twice a week

Considering the fact that surface ovsters brought m by the fishermen
when catches were hrger than the immednte demand were stored i the
harbor at the piers m wire bishets that the nerage penod of storage i
the harbor seemed to be about ten d1vs and adding to this the average
pentod elapsing betw cen delinvery from the wholesile dealer and the date
of consumption 1nd 1ho the fact thit the retail stores were holding the
oyvsters for some divs then from the curve of the data of consumption
which unfortunately came 1 little too early we can acturlly draw the con
cluston that practicalls all € ¢ cases could be traced to those oysters
stored n the harbor on one certun date

A few davs before this man came down with hepatitis and stopped
working at the north estiblshment It mal es 1t not improbable thit the
dumping of the latrine on a certun dire was the beginning of the actml
date of infection ot the bay and the oysters then present n the harbor
became nfected

The attack rate among ovster consumers was surpnsingly high We
have to tahe into consideration that during the critical period three tvpes
of stupments were sent from the dealers freshly caught oysters that had
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never been 1n the harbor a mivture of freshhy caughe and stored ovsters
and finaliv some shipments consisting onhy of oy sters stored 1 the harbor
It was not passible afterwards to assess the different shipments m these
respects but considerng this 1t 15 quite remarkable that among 300 con
sumers who were rounded up i Stockholm more than so per cent had
come down with hepatiuis

There were oceasions when the person had entered the shop and just
had a monel not a whole ovster and still came down with hepatits four
weeks later This mav serve as a justification for our attempts to try to
grow hepattis virus in oy ster tisue
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Nutnition as a Protective and
Therapeutic Factor in Hepatitis

PAUL GYORGY MD
(Philadelphia  Pennsy lanua)

Viral hepatitts 1s infection centered mainly in the hepatic parenchyma
and as such cqunnalent to a toxic damage of hepatic tissue As i any 1n
fection resistance or 1ts reverse»—suscepuhxlny to 1t —depends on the
wnterplay of specific ) and on unspectfic factors
In the presence of spcaific humoral antbodies or speaific cellular 1m
munity esen masste mfection may be ernly combated and warded off
Unspeaific resistance mav be related to humoral systems such as perhips
the properdin svstem or to d tissuc resistance  determuned by
dietary and endocrine factors

From a pathological point of view necrosis and cirrhosts are the char
actensic manifestations of njury to the hepatc parenchyma Fat m
filtration 15 not specific enough and often too transient without con
comutant mansfestations of tisue reaction to be considered 1n arself as a
truly pathological condition of the liver

In the past cxperimental hepatic mjurvy was produced through ex
posure of the living ammal to varous hepatototins From these expenn
mental studies 1t was concluded that in every instance n which the pro
longed or repeated action of an agent has resulted in some degree of arr
thosis the acute effects have been degeneration and necrosss of hepatic
cells?

It should be added that touie imjury of the Iner patenchyma may also
lead to more speafic histological changes such as hvdropic degeneration
after chloroform ntovication ? cholangitis and pericholangins hy perplasia
of biliary ducts? ® seen after admnistration of varous carcinogens such
as para dimethylanunoazobenzene (butter yellow) or various plant ex
tracts contmning pyrrolizidine alkaloids (represented by plants of the
senecio crotalana group and so forth) or vascular obstruction through
edema and proliferation of the endothelial laver 1n the hepatic venules and
vems (venous occlusne disease V QD) seen in nfants with infanule
<urrhosss 1n Jamaca * and almost ceramly related to the consumpuion of
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Nutrition as a Protective and
T herapeutic Factor iz Hepatitis

PAUL GYORGY MD
(Philadelphua Pennsy hvama)

Viral hepatiis 15 tnfection centered mamhy 1n the hepanc parenchyma
and as such equnalent to a toxic damage of hepatie tissue As n any m
fecuon resistance or 1ts reserse — susceptiiliy to 1t — depends on the
mterphy of specific immunological reactions and on unspeafic factors
n the presence of specific humoral antibodies or speaific cellylar 1m
munity even massne infection may be ernly combated and warded off
Unspeaific resistance mas be telated to humoral systems such as perhaps
the properdin system or to d nissue d d by
dictary and endocnine factors

From a pathological pownt of view necrosis and cirrhosss are the char
actenstic mamfestations of injury to the hepatc parenchyma Fat m
filtration 15 not specific enough and often too transient without con
comitant mamfestations of tissue reacuon to be considered in self as a
truly pathological condition of the Iner

In the past evpermmental hepatic mjury was produced through ex
posure of the living ammal to vanous hepatotoxins From these expen
mental studies 1t was concluded that 1n every instance in which the pro
longed or repeated action of an agent has resulted in some degree of cir
rhosis the acute effects have been degeneration and necrosis of hepauc
celis?

It should be added that tovic injury of the liver parenchyma may also
Jead to more specific hustological changes such as hydropic degeneration
after chloroform mtovicanon ! cholangitss and pericholangius hy perplasia
af biliary duets? ® seen after 2dmimstration of vanous carcinog ens such
35 parg dimethy laminoazobenzene (butter vellow) or vanous plant ex
tracts contammg pvrrolzidine afkaloids (represented by plants of the
Senecio crotalana group and so forth) or vascular obstruction through
edema and proliferation of the endothelil layer 1n the hepatic venules and
vemns (venous-occlusive discase V. OD ) seen mn nfants with nfantile
cirthosts in Jamaica * and almost certainly related to the consumption of
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bush tea  contaming hepatotoue compounds  probably agam of the
group of pyrrolisdine alkaloids.

More recenthy purch nutritonal factors have been recognized i ani
mal expeniments as mportant primrs. determmming causes of hepane in
jury - Proper chinge i the compositton of the expernuents! dier may
brng, sbout prevention arrest and even posable reversal of the underlving
pathological process in the hepatic parenchyma I ndocnine factors and
antibiotics abo pliv a rele m the development of dietars and tove
hepatic mpurs

Dictary factors determimng esperimental haer myurs n sars are sum
manized tn Table 1

Tantr 1
DILTARY FACTORS IN LIVER INJURY

Necrosis Cirrlosis
Protemn Beneficual Beneficnl
Methionne Beneficual Benefictal
Cysune Beneficrl Bencfient
Chotine No effect or nrurions Benchicrat
Ntamn T Tenchicnal No cffect
Dietary far o cifect or munous Inurous
A gramin B, No effect Rencficial
Factor UJ Beneticnal ?

For both the acute md chrone forms of expenimental drerary hepanc
imurs protem 1s benetaaal Tor the production of neerosis and cirrhosss
of the hver a diee defiaent m protern s one of the essentnl prereqursites.
In experimental dictars necrosis of the fier the sulfur contamng gmine
acids are the protectne and actine consutuents of proten Lien if the re
quirement for the sulfur contaming ammo acids 1 not covered vigamn
L and Factor HI nmv prevent the development of expenimental hepatic
necrosts Lactor HI s present m yeist and 1n various chen prepirions
and 1s apparenth a vitam I hike substance but chenucally, differcat from
vitrmn T The sulfur contunmg, anmno aads (cvsune methtonme) s
well as vitamen T and the so called Facror M are munindly interchinge
able i the protection of che hepite parenchyma from dretary nassse
necrosis

Oaly verv scant mformation s naihible on the chemeal nacure of
I actor 1118 In our liboritors we hne nohted 2 crvstalline subseance
from veast w hich 1s 2 powertul wneovedant ars actin ity s sumlber to that of
satamn E 8 71 all appearances and alo with regard to the prevention of
dictary massn € hepitic necrosiy

The beneficial effect of protem specficilh that of sulfur contuning
anmno acids and of vitammn L applies not onhy o dierars heparic necrosss
bu also to acute hepatic nectoss cwsed by mam hepatatonic agents such
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as chloroform and other hal { by drocirbons Protein also reduces
the toucaty to para dimethy hmnoazot and vagous hep:
alhalords

For the chronic form of experimental hepane iyury nimely cirrhosis
protem and hipotropic factors are the leading protectne dierary com
pounds The beacfical effect of proten in this regard 1 deternuned not
only by sts content of methionme s precursor of choline as the most
effectine hipotropie factor but alva by the miture absolute amount and
bilance of other amio acids present This disturbed equbbrium of amine
acads 1s found especially 1n proteins of vegetable onoin

In the prevention of toxie cirrhosis protemn may be effective through a
stmular detonifyving mechanism as 1n acute necrosss of the liver caused by
the same toxic substances given in large acutely injunious amounts

Antibiotics are effectine 10 both experimental necrosts and cirrhosis
Therr effect 1s nar alwavs predictable tnd m1y <ary from tme to ume 1t
1s often also related to the 1y pe of the expenmental dicr u ed In general
penicilhn the tetracy cline group and to a lesser degree neomyem all
guen by mouth were found ta be the most effectine 1nubiotics 1n the
prevenuon of expertmental hepatic 1mjury The protection afforded by
annbotics ¢ # 1n the productton of dietary experimentcal hepatic necrosis
has been widely considered tm support of s toxic  angm either through
the mediation of the intestmal flora or through intermediary metabohtes
However neither obscrvations on germ free ammals® 1 nor more
thorou,h analvst of the effect of antibiotics on experimental hepatic 1n
jury sn hoth its forms neeross and arrhoss 7 # 34 have been 1n full accord
with this thests They are more m line with the assumption that ant:
biotics act as sparing agents through better or selective utihzation of ammo
acuds that 1s 1 last consequence they act through their effect on protein
via the mtestinal flora

The above considerations on the role of dietary factors and of antt
biotics centered around the pre canan of hepatic mpury In general pre
ventive and therapeunc mea ures are by no means necessarily interchange
able Specihically effectne prophs laws should and will prevent the de
velopment of the specific metabolic and anatomcal changes Therapeutic
cfforts on the ather hind have to deal with the rrest or even regression
of alreads existne metabohe and anatonucal changes For instance 1 the
case of cirrhosis the progress of fihross his to be cheched or even re
versed in addition to repur of 1l other concurrent pathological disturb
ances Furthermore in cirehosis not onls the Iner but often other organs
as well such as the hudnes and endocrine glands especially the gonads
are found to be invohed 1n the over all dnease

In acute severe hepitic mjury or 1n severe decompensation of hepatic
function m the coune of chronic mury (arrhosis) admmstration of
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bwsh tea contanme hepatotovie compounds probibly agun of the
group of pyrrohzidine alkalods.

Morze recenthh purels nutnittonal factors have been recognzed in am
mal expernments as mportant primary determenming causes of hepaue m
jurs  Proper change m the composition of the npcmncnml dree mas
bnng about prevennion arrest and even posable rev ersal of the underlvine
patholocical process n the hepatic parenchvme  [ndacre factors and
annbiotes abo play a role m the dervelopment of dicran and touc
hepatic mpuey

Drewary factors determming expenimen al Iner myury 1n rats are sum
marized m Table ¢

Tanmer I
DIETARY FACTORS IN LIVER INJURY
Necrosir CirrFosis
Proten Benefieis! Beachers)
Methionme Beoefion) Renchicul
s stine Benefictal Benefical
Choline No eflect vr injynious Beneficul
Vitanun E Benefical o cffect
[hetary fat No cffect or injurtous Imunous
Manann B, o effect Rencficral
Factor 1Nl Bencfien! ?

For both the acute and chromic forms of expenimental dictars hepatic
mpury proten i benchctal § or the production of necrosis and cirrhosts
of the Iner a diet dehcaent m protein is one of the essentin] prerequisices
In esperimental dictars necrosts of the her the sulfur contaming amino
acids are the protecone and qctin e constiruents of protem Iven if the re
quirement for the sulfur-contanmy, amino acids 1s not covered vieamm
L and Factor Il mav prevent the development of experimental hepoic
necrosis Tactor 1T as present m verst and 1n vanous enan preparations
and 1s apparenth 2 sstamn I ke substance bug cheoncally different from
wtamin L. The sulfur contamnim., anune acuds (cvstine methionme) s
well as vitamin I and the so called Tacrar W are muturdly mcerchanae
able 1 the protection of the hepatie parenchyma from dietary massne
necrosis

Onls verv scant nformanon 15 avalible on the chemical mture of
Factor 111 In our Laborwory we have ssolared a crystaline substance
from 1 east which 1s 2 powerful antioudant s xctis ity 1s simlar o that of
vtamm E® 70 all appearances and abo with regard to the pres ention of
dietary massi € hepatic necrosts

The benefictal effect of protem <peafically that of sulfur contaming
amino acsds and of vstamin £ applies not anls to dierin hepatie necross
but also to acute hepatic necrosis caused by mamy hepatotosic agents such
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proof for direct connection betwcen viral hepatitis and malnutnion or
1ice versa betw een ressstance to hepatitis and good nutntion On the other
hand 1t 1s logical to assume that low deetary intake of protein vitamin £
and Factor 111 should reduce the resistance of hepatic parenchyvma to any
necrotizing touc nsult including hepanns virus

‘The higher maidence of hepatic injury 1 males —and m particular the
eprdemtc appearance of severe often fatal viral hepauus m the postwar
peniod in the Scandinavian countries afficting chiefiy women 1n meno
pause ¥ *—is in good accord with the experimentally proven higher
ressstance of female animals to dictars inyury or to hepatoxic agents The
fact that chrome constpation as Bygmeboe and his associates have
shown #* ¥ was 2 statstically significant occurrence in Denmark 1 the
postwar epidemic among women 1n menopause suffening from chrome
hepatitis raises the possible connection of the liner with ntestrmal flora
apart from the underby ing endocrinologieal constellation

One 15 on safer grounds 1n relanng the therapy and management of
hepatitis to dietary factors In acute severe decoropensation of hepatic
function, such as 1n the earhy stage of viral hepatitis 27 or 1n the last stage
of arthosis admunstration of protein protein hyvdrolysate amuno acids

salts or g€ resin may p the develop
ment of hepanc coma 283 In such mnstances reduction i intal ¢ of mtrog
enous and ad; of b the latter through

the mntermedary of the intestinal flora may stave off hepatic coma or
related neurological reactions ( flapping  tremor atavz mental con
fusion) Murray and his collaborators found a protem rich dier dis
wncthy d n ther vol lated with hepantis virus and
kept on that diet beginmung with the first appearance of svmptoms of
hepatitts Mortality and vamous comphications were observed m signifi
cantly higher number i the subjects with moculation hepatitis recen ing
a protemn tich diet than 1 the controls fed an ad hbitum diet with a dis
nnctly lower proportion of proten

Chalmers et a 3° 1n their extenstve studies on hepatitis patients from the
Korean War observed after exammation 1n an armv hospital i Japan
found diet rich 1n protem superior in the management of viral hepatitis to
a lower protein mntake That this difference in observations berween
these two groups of imesugators was due to the fact Murrav and his
group were dealing with hepants 1n 1ts acutest truly mmitial stage wherers
Chalmers and his group have been treating hepatitss m 1ts later phases 1s a
plausible but not necessanly binding conclusion The difference 1 the
proportton of fat n the diets of panents of Murrav and Chalmers (with
their respective associates) may also be taken in consideration although
in our opinion, this 15 of distinctly less consequence

In conclusion 1t 15 recommended that 1 the acute phase of viral hepa
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protan and cven of amuno acids for mstance methronine may be dan
gerous as the liner mav pot be able to menbolize or detoufy the me
rabolized products sufficiently §n consequence the effect of anntwoncs in
acute severe hepanc imjury miay be the suppression of intestina] bactera
which form from protem potentafhs toxic breahdown products (2m-
momia ammes ete ) with which the severely deranged er funcrton
unable to cope

Tadocrme wnd dictars factors are closeh related to cach other in the
pathozencsis of cxpermmental hepaue mpury Amont alt steronds rested
onlt the exraenic hormonces were found to provent the developmeat of
fat mfiltracon and of crrrhous of the Iver i rats hept on a dret low 1n
protan and hpotropie factors? 1 Testanterane  mech leestosterone
progesterane 1DOCA and cortisane were at lease m che doses used m
cffectne This heaeficial protectine effect of estrogetuc harmones appears
1o depend wpan an exerchepatic mechanwm rather than upon direct hepane
acton ™ 1 The extrahepatic effect nuche be meduted throueh the an
tenor prtwtaes g lud

The preventian af cierhosis by estrogeme hormones 15 10 good accord
with the greater resistance of fermile rars to inun caused v dretan
deficienct (choline ' evstine 1) or v exogenous hepatotovms (chloro~
form ™ carbon tetrachloride ' phenobarbeal °)  compared with the
marked suscepubnhity of make rats to the sume novious agents

The endocrne glands which have an effect on the Iner are not Itnuted
to the female gonads Centrogenie substances © ' everr a benefienl
effect in the presention of dietary crrhosis and necrosts of the hner m
rats The greater the gotrogemic porency of a substance the more ef
fective 1t proves to be with regard to the prevention of expenimental
dictary mpury of the Iner Thus the speahe cfieer of goitrogenic sub
stances on the lner may he relited to theie effect on thyrod function
particularly to the decreased metibolic rate sncluding the metabolism of
proten

The foregomg experiment1l obsersitons and gencral considerations
mas be broughe at least to 4 lunited extent in accord with the chore and
management of viral hepitius and ats sequehie

Presention and therapy should be treated as different fields of medical
endenyor

1 1ral hepatitss in 1ts acute phase 15 a necrotizing tosie myury Its “rake
and course will depend niore on the mrensiny of the infection than on
the resntance of the hepatie pasenchvima spart from the speerfie and un
speaific hutmoral mmunological fictors of susceptibalits It his been often
clumed that widespread hepatic diserse m underdes eloped countries with
poor putricional standards such 1s Indonesia and Indir has ofren been
related to nalnutnon Howeser there 15 no definite and conclusne
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s or m severe exacerbaton of subacute chronte hepattus and 1n de
compensated cirrhosts the diet be hept low in protem supplemented wich
antibiotics

In comalescence or in the chronie phase of postviral hepattis as m any
form of cirthosis not th i by o it protemn or hipotroy
substances are benefical Thev will support regeneration and mas con
tnibute to the prevention of further progression

Protem 1s certainhy central in the prophs lictic and therapeutic measures
connecred with experimental and chnreal hepane mjury However inat
self 1t does not necessanily represent the complete answer
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Turbidity Reaction Mechamsms and
Turbidity Measurements w the Study
of Hepatitis*

JOHN G REWNHOLD PuD
(Philadelphia Pennsvlvanm)

The use of the group of laboratory procedures commonly referred to
as turbidsey and flocculation reactions has contributed greatly to the study
of viral hepatiis That viral hepatins often occurs without jaundice or
Iy perbulirubinemia was largely establshed with the aid of these pro
cedures Moreover they contributed to the proof that convalescence fol
lowing viral hepatins was delaved i some persons despite apparent
clinical recovenn Differentiation of the causes of jaundice has been arded
by their use Tor certan purposes such as the cxamimation of large num
bers of blood donors thev provide 2 great deal of information 1 return
for a relatnely smll expenditure of ume In addion they mas disclose
significant faets about patients suffering from viral hepatiis that mav
escape detection by far more ¢hborate procedures such as electro
phoresis

On the other hand the turbidity and flocculation tests have imitanons
Under no circumstance are they specificalh dagnostic Their mechansms
are only partially understood The techniques for their performance have
not been adequately studied and standardized The values found i popu
lations of healthy persons are not well defined In this paper I shall de
scribe obsersations related to these aspects of the thymol test of Maclagan !
and the zinc turbidity test described by hunhel 2

The work done by Mateer and his assocates ? i the Henry Tord Hos
pital on the thy mol test nearky 10 vears ago led us to adopt the pH of 7 55
for buffering the reagent as they recommended Subsequently the work
of Neefe and others* provided convincing support for the use of this
modificaion  Regardless of which pH 15 selected 1t must be ngoroush
controlled gnd neglect of this 15 one of the common causes of erratic
results The greatest source of varanon mn pH 1s the CO content of the

s 1 epgation 2 ponsored 1y the Med cal Research Branch Research an{
D:\ clopment Division Office of the Surg on General Department of the Army
255
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suspenstons formed by the reaction of serum and the thymol barbital re
agent

This preparation was calibrared by sending samples to so different
laboratories Orver 4o rephed and the mode of the reported values was
adopted as the thy mol turbidity equinalent The modal value so obtamed
vielded results that agreed with results found by Professor Maclagan
when allowance was made for the difference betwcen Macligans umits
and the umt introduced b\ Shank 1nd Hoagland

From the b has evisted the limit
between normal and pm\ologncnl as measured by the thy mol test Studies
by Neefe Cambescia and others ™! a few v ears 2go established 5 o Shank
Hoagland umits as a imuc ncluding roughly 95 per cent of healthy con
trols Ths 1s well below the hmit of 4 o umits fived by Maclagan (equina
lent to 8 0 Shank Hoagland units) e have since studied another group
of healthy persons both in fasting condition and twa to three hours after
lunch The limuts that include 95 and gg per cent of this population are
40 and 48 umts respectnely 1n the fastng group and 50 and 60 1n the
postprandual group provided that the scattered high values are disre
garded The Jatter therefore support the limits established by Neefe and
assocnates and also those of Zieve and Hull 2 These limits differ appreciably
in the fasting group from those 1n the postprandial group this finding
refutes numerous statements to the contrary Fatlure to use the appropni
ate standards for fasting subjects as compared with postprandial ones will
impair appreciably the usefulness of the thymol test

Anv decision establshing 2 himit between normal and abnormal 1s
somew hat arbitrary However an interesting observation has supported
the selection of 6 5 units as this value The frequency of distributton of
the thy mol turbidities of ro35 blood donors (3 to § hours after a meal) 15
shown in Ligure 1 It wilt be seen that this curve 1s limodal with a mm
mum between 60 and 7 o units and a second small masimum n the 70
to 8o umt regron This smali peak has recurred quite consistently when
stmular plots of large populations were made and 1s seen also i the data of
Zieveand Hill* Obuvioush this segment of the population differs from the
remainder and 1t s notew orthy thay many carricrs of viral hepantis have
thymol turbsdities i this region the tal of the thymol turbidity dis
wribution

Studies of sumilar distnbutions of zine turbidity measurements hue dis
closed some unexpected results Scxeral years ago we noticed that an un
duly high proportion of Negro blood donors and hospital emplay ees had
elevated zine turbidities It 1s well established that the Negro populatrons
of Africa the VWest Indics and the southern United States have higher
mean serum globulins than do the whites lning i the same areas and ev:
dence 15 avarlable to suggest that gamma globulin 2ccounts for most of the
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disniled water used for dissolung the reagents It is essenual thar it be
bosled shorthy before st 15 poured on the ths mot and barbital # Finally the
reacent must be hept fulls saturated with thymol parth because the
solubthity of thysmol varies consrderabls with temperature and parth be
cause the thy mol proten compleses have large temperature coefficrents,
as we showed several v cars awo ¢ Thesefore precision i thy mol turludiy
measurement requires that the tese be carricd out at a fised temperature
and unless ths 1s done large errors are meroduced

Measurement of turbidity by means of 1isual comparssons 15 reasonably
accumtc but quee unprectse: AMeasurements of turindiry can be made with

1

with a well designed spectroph tur
bidiry measurements based on absorbeney m surtable nstruments over
selected rances of conc are no Jess than those that meas-

ure scatrered heht T However thvmel turbidin measurements present
spectal complications that may cause gross errors as Hever and Jysrgen
sen* have shown One cause of difficults has been the lack of a sats
factary standard for thumol turbudity measurements Barum sulfate as
advocated by Shank and Hoagland ® mav gne excellent reproducibulhits i
am one hibaratory but for vaniaus reasons fails to gine simifar resulrs m
different hboratones The thymo! turbudits readings reported by 4y
laboratories several years ago when they were ashed ro measure the
rorbidin of a standardized suspenston of colloidi} glass saned more than
tenfold W hen allowance was made for the use of ™o different ums* ®
the highest reading was still nearhy five times the lowest Tt appears that
the saravons were largels the result of the erratic behavior of the barum
sulfate standards prepared in these hboratones However differences 1
the optical geometry of the measuning mstruments used aho are important
and a y1ven thumol turbdits may be read quite differenthy 1 photocolor
imeters of differing design The parncle size distnbuntion of the rurbid sus

pension beng mcnmrcd 15 the cnncnl factor Barum sulfate sarres greach
in particle size dep on of p and therefore 15
not a suitable standard Several vears ago Dr C!\arlcs Jones and Dr Rov
Turner suzgested the use of collowdal glass suspenstons as turbudity stand

ards Collaidal glass offers mans advantages over binum sulfate suspen

sions vet the thymol turbidity equinalent of such preparations also dif

fered considerablv In a recent study '° compartson of glass suspensions
with the turbid suspensions produced by reaction of the thymol reagent
with serum showed that the occurrence of two different thyvmol rur

biditt reactions in serum comphicated the standsrdization one producimg
particles of larger smes was due to the reaction of thymol with gamma

globulin the other imvolved ipide and Lipoprotern Eventually 1t was pos

sible ro select swtable conditions for sedumentation that viclded 1 collordat
uspension that resembled mn particle size and in general behavior the

glass 8
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lipoprotein and other plasma protems as well as with gamma globulin
only gamma globulin ordininly preciprtates under the conditions exist
ing 1n our expeniments Siderophyllin the metal combining bera globulin
has a strong affinits for zine although much less so than for ron The
possibility that 2 deficiency of metal binding abihity ewisted in serums of
Negroes was tested on the chance that such a deficiency allows more zinc
10ns to reman free to rezct with heta globutm  Measurements aof wan
binding capacity of healths Negroes showed that some had lowered un
saturated 1ron binding capicines However no consistent difference was
found Vforeoter the quantits of zinc m the zinc barbital reagent exceeds
enormoush the total metal binding capiaiy of serum of ether Negroes
or whites so that saturanon differences hardhy offer 2 plausible explana
tion The serem iron concentranions scem to be about the sanie m the two
races

Yet another difference 1n the reactinity of Negro and white serums with
metals has been demonstrated 1n evperiments 10 which ferrous 1ron solu
tion was added to the serums buffered with barbital at pH s o one hour
before zinc sulfate solution The zine tuchidits decreased 10 both groups
when this was done however the chinge was much larger n Negro than
1n whie serums These expenments together with the others described
suggest that important differences exist 1n the serum proteins of the two
races — a factor that most assuredly must be taken nto account in study
ing erther

One other curious fact quite unrelated to the foregong learned about
the zinc turtndity test was an outgrowth of studies of serum preseryation
The zinc turhidiey of serum which had been separated prompthy from the
clot was alwayvs lower than when tested on the following dav regardless
of mode of storage whetherat 25 C 5 C. or-20 C¢ Howener the
zinc turbidity was unchanged if the serum remained on the clot dunng
this time Separated serum protected from contact with air duning the
storage also hid unchanged zinc turbidiey readings Turther studies estab
Ished that CO participates 1n a reaction between zinc and gamma
globulia for turbrdiry nses with CO content to a maximum  chen falls 17
The most likels explanation 1s that a carbamy 1 dernative 15 formed Stadie
and O Brien *¢ show ed that serum protemns form carbamvl dervative  al
though some chenusts have questioned the importance of the carbamate
grouping The unrusstakable participation of CO 10 the zinc gimma
globulin reaction shown by our experiments offers additional support for
the existence of carbamy ] groups n blood The evidence suggests also that
more than one mecharusm 1s mvolved 1n the zine turbidiev reaction The
2in¢ carbamy 1 hinkage does not stem to be the principal turbadits form
ing reaction for removal of virtwally all CO sl leases a sub tantal zinc
turbidity reading However the loss of CO, may cause a decrease of two
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difference The prevalence of parasine and other nfecunns melnuentan
and Iner discase i the regions mentioned seemed to offer adequate ex
planation and it was not anncrpated that \egroes in Philadelphia would
share this characteristic N\evertheless we have found that the serums of
healthy Negroes hiving m the Phaldelphia area 1k have elevated ggmme
globultn concentrations That thi 1 not a resule of emrcration from
regwons where Ingh globubin concentrations presait 1s supported by the
finding that 16 per cent of those studied were natne Philidelphians wha
had never hved ehewhere \ost of the remainder had made their homes in
Philadelphia mim vears The increase in gamma globulin was espectalls
conspicuous when measured by the zinc sulfare turlndin method.
Raunsley et al'? found thar the 7mac sulfate turlndin of the Nearo
group was 1§ umes that of the whire The Iunts that included g5 per
cent of the readmgs differed so wideh in the Negro group that many
persons would be considered abnormal +f thes racial defference were not
tahen mto sccount It mav be argued thar such persons may be suffering
from infecnions endenuc amony, the Negro populauon and have high
gamma globulins for thi reason This seems unhihel b cause the con
tours of the Gaussian cunvcs are simlar i both groups The assumpuon
that the entire \egro populanion suffers from chromic iliness that stimu
Lates gammn globulin pruduchion 1 implavsible Involyvement of onb 2
portion of the Negro population should be reflected m distoruon of the
distributton similar to that ponted out 1 the distribution of thy mol tests
of blood donors There is no more evtdence of this i the Negro popu

lation than in the white

Flectrophorerie studies confirmed the evistence of higher globulm con

centrations 1 Philadelphia Negroes and showed thae gamma globuln
was responsible Concentrations of other protein components were siit
aar an the two races with the exception of albumin which was lower
m the Negroes Gammn glot vhn measurements by the ammomum sut
fate curbidits method of de la Huerga and Popper M supported the elec

trophoretic results However the differences between the races were
much less impressne when measured by these methods With the as-
sistance of Dr W illum Long and Pr Ruf Nassif elecrrophoretic studies
of the protem precipitated by zinc sons were made m an ateempt to leatn
the cause of the discrepancy  The precipitates were dissalved with the aid
of versene It was found that substantial amounts of beta globulin and
somew hat less alpha plobulm were present together with gamma globu

In, tn the precpirates separaung from the serums of Negroes 1% Prateinn
preciptiated from serums of whites ;mcluded only gamma globohn with an
accasional beta globulin peak The difference in these patterns was so con

siscent and strihing that 1€ was possible to distinguish at a g lance the racul

onigin of the specrmen Although zmnc combmes with albunun beta
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I poprotemn and other plasma proteins as well as with gamma globulin
only gamma globulin ordinanly precipitates under the conditions evist
ng n our expenments Siderophy Iin the metal combimng beta globulin
has 2 strong affinaty for zinc although much less so than for wwon The
possibilits that a deficiency of metal binding alnlity exsted 1n serums of
\egroes was tested on the chance that such a deficiency allows more zinc
1ons to remamn free to react with beta globubn VMeasurements of iron
binding capacts of healthy Negroes showed that some had lowered un
saturated tron binding capaciies However no consstent difference was
found \loreover the quantity of zin¢ m the zinc barbral reagent exceeds
enormoushy the total metal binding capacits of serum of either \egroes
or whites 5o that saturaton differences hardlv offer 2 plivsible explana
tion The serum 1ron concentrations seem to be about the same m the two
races

Yer another difference in the rexcnvany of \egro and white serums with
metaks has been demonstrated m expenments m which ferrous iron solu
uon was added to the serums buffered with bartntal at pH 5 0 one hour
before zmnc sulfate solution The zinc turbidits decreased 1 both groups
when this was done however the chinge was much farger in \egro than
in white serums These experiments together with the others desenibed
suggest that important differences evist in the serum protens of the two
races —a factor that most assuredls must be taken 1nte account m study
ing either

One other curious fact quite unrehited to the foregomng learned about
the zinc turbidity test was an outgrowth of studies of serum preservation
The zinc rurbidits of serum which had been separated prompthy from the
clot was alwayvs lower than when tested on the followmg day regardless
of mode of storage whetherat 25 C 5 C. or - o C.1% However the
2ine turbidity was unchanged 1f the serum remamed on the clot during
this ume Separated serum protected from contact with air during the
storage also had unchanged zinc turlndity readings Further studies estab
Ished that CO  particspates n a reaction between zinc and gamma
elobubin for rurbidies nises with CO content to a mavmum then falls 17
The most likelv explanation 1s that a carban ] dernatne 1s formed Stadse
and O Brien 18 show ed that serum protemns form carbamn | dernanves al
thouh some chemmsts have questioned the importance of the carbamate
grouping The unmustakable partcipation of CO m the zinc gamma
globulin reaction shown by our experiments offers additional support for
the existence of carbams 1 groups in blood The evidence suggests also that
more than one mechanism 15 involved 1n the zinc turbadity reaction The
zine carbamy | linkage does not seem to be the principal rurbidits form
ing reaction for removal of virtually all CO stll leaves a substantial zine
turbidiny reading Howeser the loss of CO; mav cause a decrease of two
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difference The prevalence of parasitic and other mfections malnutrmon
and Iner disease i the regions menuoned seemed ta offer adequate ex
planation and 1t was not antiespaced that \eproes 1 Pheladelphia wosld
share this characterstic \esertheless we have found that the serums of
healths Negroes hving in che Plulidelphia area abo hase elesated gamma
tlobubn concentrations That this n not a relt of emigration from
femoms wheee luch globulm concentrattons presad s <upported by the
findeng thae 36 per cent of those studied were nne Philadelphizns swhe
had never hved ehewhere Mlost of the remamder had nnde their homes i
Philadelphia mamy vears The nercse in gammu globuhn was espeaalhy
conspicuaus when messured bt che zine sulfate tuclndies  method
Rawnsles er af found that the 7ine sulfatc turbidits of the Negro
group vas 15 omes that of the white The hauts that included g, per
ceat of the ceadings differed so widelt sn the \egro graup that mn}
persons would be considered abrormal 1f this racial difference were ot
tahen into account 1t may be argued that such pensons may be <uffenng
from infections endenne among the Negro populanon and have hugh
gamm1 globulns for this resson Tihus scems unhhels b cause the con
tours of the Caussian curves are smtlar in hoth groups The assumpuion
that the entire Negro populttion suffers from chronee stlness chat sume
Lites gammn globulin praduction 1s mplausible Imolvement of onh 2
porton of the N\egro population should be reflected 1 distortion of the
istribution sumilar to thar pomeed out m the distriution of ¢hs mal ests
of blood donors There 1s no more esidence of this 1 the Negro popu
lavon than in the whiee

Electrophorene studies confirmed the existence of higher globubn con
centrations 1 Philidelphia Negroes and showed thit gamma globuln
was responsible Concentrations of other protein components were sim
thar n the ™o races with the exeeption of albumm wiich »was loner
m the Negroes Gamma globulin b the sul
fate rurbrdies methad of de 12 Huerga and Popper 1 supported the elec
wrophoretic results Howerer the differences berween the races were
much less mpressive when measured by these methods With the as
sistance of Dr Willam Long, and Dr Raif Nassif electropharetic studies
of the pratem precipitated by zin¢ tons were made n 2n attempt ta learn
the cause of the discrepancy  The precipitates were dissolved with the aid
of sersene It was found that substantial amounts of bera globuln and
somen hae less alpha  globulin were present together with gamma globu
lta 10 the precipitates separatng from the sesums of Negroes ** Protetn
precipteated from scrums of whites included onh gamma globuhn with an
ocea soral beta globulin peal. The difference in these patterns was so con
sistent and striking that 1t was posstbie to distmguwish at 2 ghince the racrat
ongm of the specimen Although zinc combines with albummn bera
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or more units of turbadity which 1s enough to be significant for borderline
values

The thymol turludies and zinc sulfate turbidiry tests have fulfilled such
a duanct need i connection with the study of patieats sufferng from
hepantis and other diseases of the I er that the detection of aberrations m
thar behavior s important Both are constderahls more compley than
apperred Bhel when they were fint deseribed vet of thes are to be
wed effecenely the numerous factors that affece their behavior must be
controlled nigorowhy to insure reliable results
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Selection of Blood Donors Value of
Hepatic Function Tests for the Detection
of Carriers of Viral Hepatitis*

ROBERT F NORRIS MID DICRAN RASSOUNY MDD DeWITT
T HUNTLR Jr MD and JOHN G REINHOLD PuD

(Phihdelphia Pennsy Ivania)

The problen of detecting the ass mptomatic carrier of viral hepatius 15
still not solved Since 1949 Dr John R Neefe and the writers have been
studving the rehability of abnormal hepne function tests as mdicators of
the carner state Although four of five prosed carriers previoushy reported
by ust showed persistentls abnormal hepatic tests one of our proved car
Tiers and one of those reported by Stohes ez 4/ had normal tests w hen first
exammed It 1s evident that the value of hepatic function tests i detecting
the carrier state of viral hepatitis will depend upon the number of these
carriers having Abnormal tests relatin e to those m whom normal results are
found Insufficient daca are avulable ro establish this ratio since 1¢ 15 nesther
practical nor safe to employ human volunteers i a study of this mag
nitude

The problem 15 complicated further by the Ingher maidence of ab
norn al hepatic funetion tests in randomly selected donors than 11 care
fully selected healthy young adults whao gne no history of Iner diserse
In g per cent of donors measurements exceed the 95 per cent confidence
himits 1n the case of one or more tests 3 In 12 per cont measurements equal
those found 1 many cases of cstibli hed hepatic discase 3 Sa ealled hepauc
function tests thus do not appear to be spectfic for Iner discase and
especnally are not specific for the carner state of viral hepatitts Thus factor
makes the rejection of all blood denors with abnormal hepatic function
tests very costhy and s difficulr to justifs unless it can be shown that i a
ugh proportion of carners of viral hepauns measurements of hepattc
function tests are m fact abnormal

The purpose of this paper 15 to present further data on the mcaidence of
baormal hepatic tests i donors suspected of being carriers to present

Thism estg ton a ponsorel by the Med cal Pe carch Branch Research and
Development D: 1sion Offi e of the Surgeon General Department of the Army
263
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with a norma! thy mol turbidiey test was selected 1t random for compara

tive measurements of the transaminase actinitres The serums were stored
at scebo¥ temperature Stnce 1t was reported by karmen et af 8 that trans

ammase actnaty 15 preseryed mdefiniteh under these conditions dar2 n
cach mstance are not avulable on the interval between time of collection
of the specimen and the tme of measurement In most actinaty was meas

ured within three davs If ume of storag 1s an important factor in the
reproducibilits of results serums with normal thy mol turbidits measure

ments seriing as controls were subjected to the same environment as the
serums wwith abnormal thy mol turbidits measurements

Rrsurts
The results of hepatic function tests previously reported by Norris et
al* are shown in Figute + Five cases which are starred were carrters
proved by eransmissiont expermments m human volunteers It 1s seen that
m general the measurements are remarhablv constant for the varving
peniods of observation At the tume of first exanunation the hepatic func
uon tests in Case 2 a prosed carner were all normal Thereafter brom

became prog: Ty greater
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daea on the pera tence of abnormal hepane function tests i donors whe
were subjecrveh healthy when fint examined and ta present da on the
correliton of abrormul serum Llutamic onaloseetie ammophersse {trns-
ammase} menurements with abnormal thumol turbrdin eests.

Aarrrias asn Mrritons

Because of the high ictdence of abnormal hepanc function tests in the
danor populition and the difficults of follow up <tudies 1 recyprents of
blood tramstunion, @ s haed to abtan acceprahle dia from a studs of
perons who serve 1 mulnple donors for 1 angle reaiprent The fint part
of the studs 1 conhned therefore to the reule of hepane funcnon 1ets
of donors who were proved earriers, or who were the source of 2 anvke
tran. tuston 1 2 reerprent who suffered from an atrack of viral hepants at
2 tme mrery 2t follow iz transfision whuch 1 compatible with the cubs
tion peniod of the dnere The data mclade © «ingle denors previowh
reported by us Y and 1 ad hmonat angle donon whom we have cumed
Al o mncluded are the ungle donars or substantated carners reported by
Gusbury ez 11 and Stokes e7 ! Dats for a toral of ¢ donors are pre-
sented Mthouh it oot ecrram thit eich recyment acquared varal hepate
s from the blood trinfusion tron., ciream tntul e fenee custs that
each lonor was a carner of virl hepanm t the trme of blood donanen.

In exh mtance the donar was bt evamined followng the enset of
viral heptuen m the reupient by mcthod. previowsh deseribed.t #7
Some donors have been exammned repeatedh for several vears,

In the ccond part ot thi paper are presented follow up dare for donors
selected for tudy trom a cooup previve W reparted by Fuech et af 3 The
donons were ongmil deaticd 3 postne equivocal  and negaaee
at the tme o fnt evmunation by oan arbitrars pomt <conng $YSOM
derned from the reules of hepatie tuncrion tests, The clasuhicanion s abo
cmplov et in the | resent prper There are ¢ donon ool chisihed 2
positne 12 equnowdl and 2 nesatne Each donor was recallad at
Jer t three tmes ter phyical examimanon and tor hepane function b
over a pened of two or more veirs The reules of the orinal exanun:
non and of the ARt re-exanmnatcn are deenated mutnd tese and il
wtet tespectne I aamunanons un ur the prosent program are referred
to av  tollan up reeest

Inthe turd part of thr tudy  erum glatamu-atal ucene smmophers.©
¢eranannma e dctnin W merured mo o perons by the werhod of
Rarnten Y roblewshy and fabDue Of thewe 14 were clected beeawst
ot a poatne thvmol b bty teve peron. had an equavocal thvmol
curbidins test and 119 had a normal thymot terty by tex: The specmien.
were pared for ewmmnon When 2 crum was fonnd o <how an
sbacgmal thymal turbdiey mea urement 3 ccond crum of the ame dn
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with 2 normal thymol turbidiny test was selected at random for compara
tive measurements of the transamuaase actuaties The serums were stored
at 1cebox temperature Smce 1t was reported by harmen et af ® that trans
aminase actnty 1s preseryed ind Iy under these cond, data
each instance are not avulable on the mterval betw een time of collection
of the specimen and the time of metsurement In most activity was meas
ured wathin three davs If time of storage 1s 2n importint factor m the
reproduaibabits of results serums with nonmal thy mol turbidits measure
ments serving as controls were subjected to the same environment as the
serums v 1th abnormal thymol turbidity measurements

RrsuLts

The resules of hepatic function tests previously reported by Norns ez
al* are shown in Freure 1 ¥ive cases which are starred were carrers
proved by transmnsion experiments m human volunteers It 1s seen that
1 general the measurements arc remarkably constant for the varving
periods of observation At the time of first examunation the hepance func
non tests in Case 2 a proved carnier were 4ll normal Thereafter brom
sulphalein retention became progressnely greater
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In Figure z and Figure 3 are shown the results of hepatic functton tests
1 the case of 11 addional single donors whom we have examined since
the previous report The results are consistent although the periods of
observation are shorter The tests were normal i Cases 14 and 17 Cases
10 15 18 and 19 showed 1 abnormal test when firse examined but there
after were either normal or fluctuated between entirely normal results
and onc abnornial test Case 1 however was the only donor n whom 3
or more hepatic function tests were consistently abnormal Case 16 15 that
of a newbom child who became jaundiced 10 dass after birth and re
mained 1l with a chnical diagnosts of viral hepatius for the followmg 6
weehs His mother and father had at least 1 abnormal hepate function
test whenever exanined

In Figure 4 are shown the results of hepatic function tests in the case of
donors reported by Ginsburg ez af ® and Stohes et ol Although the meth
ods of testing were not alwavs 1denucal with those employed m our
laboratory st 15 seen that onhy 1 Case GA 2 proved carmer were all
hepatic function tests normal This person also was the mother of a new
born child w ho suffered an attack of viral hepatitis tw o months after birth

If the results of hepattc function tests for each donor at the nume of first

SINGLE DONORS

Donor
1
14 W o - .
T T T
® Cephaln flocalation
13 WG o 2 © Urobilnogen
T o
N ’ © Blirubin fserum)
& 2Zinc turbid ity
g ° ) flocculation
12 ED b © Thymol furbdty
A T T © Equvacal test
® No abnormalty
il 6D 2 o o 3
— v T

0 7C o » 0

L__,— T f T

I_Q_LL_—.J 2 oy 8 e
0

200 400 600

Days affer donating blood ——

Fstre 2



Hepatic Function Tests m Selection of Blood Donors 267

SINGLE DONORS

§ Geptoin focaoton
[+] nogen
BOGH o o ] | 0 Bomsiiden
© 8 ubn ferom)
© Zne | rbaly
© Thymol flocéulaf on
17 Js . S g
@ Equnocal fest
® N3 abnormalty
16 cc ) ]
6° BH 8 o ®
15 AT s . .
} t t I
0 200 400 600

——Days after donat ng blood

FiGLee 3

examination are combined 1t 15 seen m Table 1 that m two thirds the total
scores are n the positive range VW hen the thymol turbsdity test alone 15
considered (Table 2) the total number of posities approximates one half
By companson  as stated previoush the frequency of positnve and equivo
cal scores 1n the donor population as a whole 1s 12 2 per cent and 168 per
cent respectnely  The frequency of positive and equivocal thymol tur
bidity tests 15 6 6 per cent and g 1 per cent respectively

Statstical analysis of the data  shows that the greater incidence of
posttive and equivacal total seores and of posinve and equivocal thymol
turbadity tests among the proved and suspected carners than among the
donor } 15 highly The fid hmus for the
expected maidence of positne and equnocal test among carriers are
shown in Table 3 VWithin wide hmits these figures ndicate that a sub
stantial number of carriers will have abnormal hepatic function tests but
that the precise mncidence cannot at present be computed from the avail
able data

For comparison with the proyed and suspected carriers of viral hepantis

Kindly computed f rust D S T Askoviez
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In I'gure 2 and Nigure 3 arc shown the results of hepatc function tests
in the case of 11 addwonal single dunors whom we have evamined since
the previous report The results are consistent although the periods of
observation are shorter The tests Were normal in Cases 14 and 17 Cases
10 15 18 and 19 showed 1 abnormal test when first exammed but there
after were either normal or fluctuated berween entirely normal reselrs
and one abnormal test Case 12 however was the only donor m whom 3
or more hepatie function tests were consistently abrormal Case 16 1s that
of 2 newborn child who became j1undiced 1o davs after buth and re
muned 3 with a chnical diagnosss of viral hepanus for the following 6
weehs His mother and father had at least 1 abnormal hepatic funcnon
test whenever examuned

In Figure ¢ are shown the results of hepattc function tests n the ease of
donors reported by Gunsburg, et af 3 and Stol es e 7 Although the meth
ods of tesung were not alwavs tdenncal with those emploved m our
laboratory 1t 15 seen that only 1n Case G A a proved carrier were all
hepatic function tests normal Tlus person also was the mother of a new
born chid w ho suffered an attach of viral hepatitis tw o months after birth

If the results of hepatic function tests for each donor at the tune of first
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Tame1
TOTAl SCORES
Negan ¢ Epe ol Posmne
Ginsburg et o — — 2
Stohes ezl 1 — 2
Norns eral 3 4 12
Totals 4 4 16
Taerr 2
TEHAMOI TURBIDITY A1ONT
Negatt ¢ Lqut ol Posi e
Gin turs et o - - 2
Stohes ot of 1 — 2
Norns etal 9 3 7
Totals 10 3 u
Tanee 3
STATISTICAL ANAIYSIS OF DATA
Observed Postty ¢ 95 per cent Confifence [ omuts 99 per cent Confi fenee Lumnts

Combined hepanc tests cqun ocal results counted as negative

160f74 (66 7 prcent) 4 7 purcentto 84 tpercent 38 6 pcrcent 088 1 per cent
Combined hepanc tests cquitocal results counted 35 posiaine

00f .4 (83 3percent) 67 6 per cent 1095 2 percant  $6 2 per cent ta 97 O per cent
Thymol rurbidity equitocal results counted as negatne

110f24 (45 g percent) 25 6perceneto 67 2purecnt 07 per cent ta 72 6 per cent
Thymol turbs ity equivocal results ¢unred as posttave

140f +(58 3percent) 36 7 percentt0 77 9 percant 309 pus cent o 87 4 per cent

Taecr 4
DONOR TOLLOW-UP C{ ASSIFICATION
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SINGLE DONORS OR SUBSTANTIATED CARRIERS
REPORTED BY OTHERS
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the results of repeated examimanions of the groups of donors reported Ih
Fitch ¢t o 1 are shown in Table 4 Donors are grouped rccording to the
chissification by scores 15 pasitve. equinoctl and negate 4t the tinie of
the intial tests The results of scores tre given for each group at the ume
of the retests 1or the positine group 4 of 95 or about §7 per cent were
sull postise at the time of the mittal retest and this number gradully fell
to 34 or about 36 per cent at the time of retest ¢ AMenw hile the number
of negupves merensed from g 1t the tme of the imnil retest to 41 of
nearhy one half ar che time of retest 3 The number of equnocals aho
increased but the trend n thes subgroup was not so pronounced after the
nme of the il retest

In the case of the group ongmilh clhisified as cqunocal one half or
more were negatne at each follow up retest [ ewer than one thurd were
either positne or equivecal on each follow up retest

The donors mtially clissthed 38 negatnve show ed a definite tendency 1o
reman negatnne None became consistently posiene tlthough several were
tempomn]\ positine or equin ocil

As the study progressed it was apparent that toral scores and menstre
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became 1l The following diagnoses were established and are charted in
Table 7 according to the 1mual groups of the indistdual donors It 1s seen
that the majonity of illnesses occurred in the positne group and onlv a
single donor 1n each of the equivocal 1nd negatise groups became 1ll with
2 potenually serious disease Although a number of donors are believed
to be suffering from chronic hepatitis of undeterrmned etiology none
were observed to be climcally jaundiced One donor in whom :he
thymol turbidity and b tphal tests were
abnormal was Lospitalized elsewhere with a dignosis of acute viral
hepatiis When he was examined at this hospital before and after his
tllness the serum bihrubm measurements were within normal himits

The companison of nbnnrmal and negatine thymol turbidity tests with
the serum oxall { ) actnites 15 shown mn
Table 8 More than one qumcr of the groups having positni e or equisocal
thymol turbidity measurements 2lso had eccessive transaminase activinies
when 39 units are considered the top Lt of normal but only one twelfth
of the negative  group had b Thus the

of ab activities ts three umes as great 1 the

groups with abnormal thymoal turbidity measurements as 1n the negative
group If only the transamunase measurements m excess of 5o units are
considered the frequency of abnormal measurements in the positive group
of thymol turbidity tests 1s four times as great as 1n the negatne group

In Table g 1t 15 seen that transammnase activities were measured n the
case of 15 of the single donors prescnted in this paper Four or one
quarter of the total exceeded 4o umits Two of the 4 were in donors who
also had abnormal thy mol turbidity tests It should be pomted out how
ever that transammase actrty was not measured m most of the donors
unal months or years after the donation of blood thought to be responst
ble for transmussion of viral hepatitis

Statsstical amalvsis by the Chisquare method in Table 1o mdicates
clearly that the greater incidence of increased transamunase activities

Taste 7
NUMBER OF CASES OF CLINICALLY LSTABLISHED DISCASES
Disease Group
Poswe  Equs ol Negatrve

Diabetes mellitus 3 0 0
Pepuc ulcer 4 1 0
Infectious mononucleosts 1 0 1
Dissernunated lupus erythe

matosus 1 [ 1]
Rheumatond arthr us 3 0 0
Psortasis 2 o o
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Tanr §
VARIVTION OF DONOR SCORLS

Jos e Craup | Fpunonl Croup | Negattse Group
5 an on

Thymal
Turbidty

Tott | Thyrool | Toud | Thymo! | Totd
Scores | Turbudity | Scores | Turbndsty | Seores

Consistendly posiene + 12

Consistently equas ocal — - 1 o
Consistently negauve — - — —
Fluctuating 1Y 29 1 10
Beezme positse - - H 2
Slew impros cnent 14 18 — —
Became negatve ” 13 1 19

ments of thymol curbidity Auctuated betw een norml and abaormal i
same persons W hile in others the m remamed stantl 1n
the sume range of values Thus in Table § 1n whech the thy mol turbidity
scores are shown as well as the total scares of all hiepacic tests e 15 seen
that aithough 34 of g5 persons 1 the positve group were positve at the
end of the observavon period onlv 4 of them were consistently posttne
and 24 others were normal Only about one eighth of the thy mol turbidity
scores were consistently positie one third of them fluctuated st an
errauc fashron

In the equniocal group only one score was conststenely equiacal, o
became positive and the majority fAuctuaced Fewer than one half of the
thy mol turbidity scores fluctuared and the majones became negatne

“The great maority of the total scores and the thymol turbidiey scores
1 the negamve group remamed negacse none became posine and only
one quarter fluctuated

On physical examunanon the grear majonty of the donors showed no
significant physical abnormalities The Iner was palpable m one third of
the cases of the posine group (Table 6) By contrast the hver was pal
pable n onls one tenth of the negatnve yroup The meidence lay berween
these extremes 1n the case of the equivoct] group

During the pertod of obseryation a number of previously healthy donors

TasLr 6
INCIDENCE OF PALPABLE LIVER
Group Aumder of Donars
Positne 32 0f 93 (34 per canc)
Fquivocal 6 of 31 (20 per cent)

Negatne 10f 35 (9 per cenr)
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among persons having abrormal thy mol turbidity measarements 15 highh
sigmficane This rule applies whether the thy mol turbydity mieasurements
are betw een the o5 per cent and g9 per cent confidence limits or w hether
the measurements exceed the gg per cent confidence hrmts On the other
hand the significance of 1ncreased transaminase acts ties among the single
blood donors irrespective of the thy mol turbidity measurements 1s not so
well established

Discusston

The value of hepatic function tests and of the thymol turbidiey tese
alone 1n detecting the carnier state of viral hepatitss in some blood donors
appears to be established The results of hepatc function tests 1n the case
of addiional single donors suspected of bemng carrters wiuch are pre
seated 1n this paper support the concept thit the number of carners
detected by these tests 15 stgnuficant That some carriers on the other
hand have completels normal hepatic function tests 1s also well substan
tted Esen sncluding the cases presented not enough data are currenthy
avalable to define within narrow hmts the ratio of one group to the
other Unul this ratio 15 clearh defined there will be reluctance on the
part of many blood bank directors to reject all donors with abnormal Iiser
function tests i view of the large number of such persons

As might be expected the results of hepatic function tests 1 some
donors show a tendency to impros e or to revert to normal In others the
Measurements tend to fluctuate In a large number of persons however
the test results are remarkably consistent whether normal or abnormal
Most of the proved and suspected carniers m the present report f1l] into
this lateer category Thus 1€ may be assumed thit some carriers having
abnormal hepatic function tests will be repeatedly rejecred in a screcning
regimen which employvs hepatic function tests This situation would be
found m 4 of the 5 proved carners whom we have observed

It 55 not hnown whether those whose hepatie function tests improve
over a penod of nme are suffering from an otherw ise mapparent infection
of viral hepatitis or from some other disease The cause of persistent
abnormahnes of hepatic function tests 13 many persons also 15 obscure
More data are required to clinify these observations

The occurrence of such discases as duabetes melits peptic ulcer
psorasis rheumtoid arthrits and  dissenunated lupus ery thematosus
among those donors with abnormal hepatie function tests substantiates the
behef that these tests are not necessanly specific for primary dscase of the
hver 1t 15 apparent therefore that the clinical significance of ahnormal
hepatic function tests particulrls mn subjectnely healthy persons re
quires further study  The use of these tests for the detection of a wide
‘aniens of chimeally metpient diserses 1s 0 inferestine passibihiry
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COMPARISON OF THYMOL TURBIDITY MEASUREMENTS
AND TRANSAMINASE ACTIVITIES

SERUM TRANSA 7/ POSITIVE
THYMOL {NUMBER] MINASE ACTIVITY TS5A

TURBIDITY | TESTED)
ESTED) < 4040 50 > 50 40 50| > 50 ‘;OIAOL

POSITIVE | 124 9t 7 16 14 113 127
—

EQUIVOCAL{ 27 2i 4 2 15 7 |22

NEGATIVE! 19 Hoi{ e 3 5 318

TotALs | 270 [2zz| 27 [ 2 10| 8 |18

Taste 8

Tapee 9

TRANSAMINASC ACTIVITIES
IN SINGLL DONORS

Ao <40 >40
Positrve 3 1 2
Lqunocal 1 1 -
Negaone 1 9 2
Tota] 15 11 4
Tasir 10

STATISTICAL SIGNIFICANCE OF
TRANSAMINAST AMI ASURLMENTS

Groups Compare § Clu Spure P
Posttne TT s
agame TT 20+ <0002

Combined positive
and equerocal TT

15 negatne TT 784 <008
Positne TY 38

cquivocal TT 012 »06
Sinzle donors 35

normal controls 558 <002

Thym 1 surbid ty
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J W Carners of hepatitis virus m the blood and viral hepatitis in whole
blood recipients studies on donors suspected as carriers of hepantis virus
and a5 2 source of post transfusion viral hepatiis J A 4 A 154 1066 1954
Stokes J Jr Berk J E Malimurt L L Drake M E Barondess J A
Bashe W J., Wolman I J Farquhar ] D Bevan B Drummond R ]
Maycock W dA Capps R. B and Bennett A M The carner state 1n
viral hepatitis ] A4 M A 154 1059 1954

Firch D R. Waunabe R K Rassouny D Neefe ] R Remhold ] G
and Nornis R F Incidence of latent hepatic disease 1n blood donors possi
ble relation to carrier state of viral hepautis Am J Clin Path 15 158 1955
Norns R F hassouny D Remhold J G and Neefe ] R Persistence
of abnormal hepatic tests in catriers of viral hepauts J 4 A 4 160 118
1956

Ginsberg L. Sussman L N and Auerhan H Post transfusion varal
hepatins as a surgical complicanon Surg Gynec @ Obst o2 491 1951
Remhold J G Liver function tests In Ssmmonds J § and Gentzhow C.J
(eds) Medical and Public Health Laboratory Methods (6th ed ) Phladel
phia Lea and Febiger 1955 pp 77-105

Remhold J G and Yonan V L The thymol test study of factors affect
ing 1ts accuracy and description of a modified technic A J Clin Path
16 669 1956

harmen A Vroblewskh F and LaDue J S Transamenase acuvity in
human blood J Clim Imestigation 34 126 195§
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The greater ncidence of mncreased trinsamnase acti ties among those
donors having abnormal thymol turbidity tests suggests tha the former
metsurement may turn out to be a valuable addition to the Iist of tests fo
detecung the carrier state of viral hepatits Agun more data are required
to ascertamn whether low grade inflammatory lesions of the Mver which
do not cause fran! clintcal discase are frequently responsible for a mod
€rate INErease in the SCrum transanunase activity

Suriviary

‘The results of hepatic function tests in the case of 4 donors cxammed
by us and by others arc reported These donors were erther substantiated
carriers of viral hepatitss or werc the source of a single blood transfusion
for their respective recsprents who subsequentls suffered from an attach
of viral hepatitis

Some of the donors have been examuned repeatedly for several yerrs
Additrionally 2 group of 161 donors not known to be a source of yiral
hepatitts 1n thesr recipients have abo been evamined repeatedh for two of
more vews The results of hepatic function tests whether normal or
abnorml 1n most donors of both groups remamncd constant In some
donors the results fluctuated In some with abnormal measurements ther
was steady miprovement

W hen compared with the donor population as 2 whole the number of
proved and suspected carrrers having abnormal hepatic function tests and
particularly abnormal thy mol turbudiey tests 1s hughly sigruficant Data are
msufficient to indicate within narrow limits the proportion of carness
having abnormahties of hepatic function tests m contrast to those carners
having nosmal tests

The thymol turbrdity test 15 a practical and economical method of
detecting 2 signtficine number of carrters of viral hepatitss

A number of donars with abaormal hepatic functian tests who felt v ell
at the beginnmy, of the studyv subsequently beeame 11l with a vartery of
diseases ncludin,, dribetes mellitus peptic ulcer psorasts theumatod
arthrus and d d lupus eryth Hepane function tests
appear to be of value in detecting inciprene diseases other than prumary
mfiammatory discases of the fner

The madence of mereased serum glutammc oxloacctic ammopherase
(transamnase) acouIty 1S 3 to 4 ttmes as great m subjectively healthy
blood donors m whom the thymo! turindity measurements are sncreased
as 1a donors 1 whom the thymol turbidity measurements are normal

RLFERENCES

: Neefe J B Noras R.F Remhold | G Muchell C B, Howell, D s
Morray R Dicfenbach W C L Ramer ' Leone N C and Oliphant
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Total number of recipients studied 193
Dicd within fiest five months 12
Not available for control 20
Followed less than five months 17
Followed five months or more 144
Total number of reciprents followcd five months or more 144
Reetpients of anly one transfasion 91
Reciprents of morc than one transfusion 53
Total number of donors studied 600
Donors to reciprents who recen ed onhy one transfusion 91

Freere 1 Mater at

D ¢ PDB TB €CC CR TT TF
AL 1 o o#1 (<) (~) 13 ()
A[c;}:; moment A\ 3 g2 060 (<) (&) 22 (9)
st 10T 3 o oM (O (5 3t (o

At the moment
AL 1 00 o#H (=) (=) 28 ()
o{zp]\cdanncc MG 2 o1z 036 (=) (=) 28 -)
of jundice m y” 3 006 02 (=) +4) 39 =)

the reciprents

Fic £ 2 Laboratory tests n the donors of th ee rectp cnts of one t ansfusion who
de loped hepat us with ja ndice

PDB TB cc
Normal  Elevated Normal  Tlevated Negame  Positnve
1 3

7 85 65 23
CR TT TF
Negatne  Positine Normal Elevated  Negame  Posmve
73 15 41 47 78 10
cc ¢P ot TF
All nevatne Onc or more postue

55 3

Fioure 3 L boratoryt ts n88don s hser ipiatsofa glet ansfusion dd not
d ol ph pants with jaund ce

I believe has been published by others —that of putting up the 1omtc
strength of the mixture W hen there 1s doubt about Iipermia 1f one repeats
the test with the prior addition of onc drop of saturated sodium chlonde
that will pracucaily abolish the reaction due to gamma globulin w hereas
the bpemia turbidity will be more or less unaffected T think that mighe
perhaps be of use i the group of people with huigh turbidities Some of
those may be lipemas and you could perhaps help them out in that way

CHarers S Davisos M D (Boston Vassachusetts) I just want to com

ment on Dr Gyorgy s problem which 15 the vers difficult one of how
much protem a person suffering from Iiner disease 1s to be fed
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DISIGNATED DISCUSSION
Hicror Ducer ALD (Santtage Chule) Qur experience 1 based on the
studv of the following material (Iipure 1) m the selecaon of blood
donors

In the group of 144 reciprents satisfactorly controlled for periods from
5 to 1 months aftee che first ar only transfuston 6 cases of hepanitis were
obsersed (4 16 per cent) Three cases occurred among the subjects who
received only one transfuston (3 3 per cent) and also three amony, the 53
prtients who recens ed more than one transfuston (5 66 per cent)

The results of the laboratory tests performed at the moment of dona
tion on the donors of recipicars of a single transfuston who developed
hepattts are gnen 1 Figure 2 Here are also shoun the resulis of the
tests carnied out on the syme danors ac the tune aundice appeared m
the recrpients

There seems then to be no relationship betw ecn the resules of the Juer
tests performed m the donor and the development of hepantis with
nundice m the reepient This lack of carrelation 1s corroborated by the
results of the hboratory tests carrred out at the moment of donation m the
84 donors whose recipients did not des elop hepatitis with jaundice duting
the pertod of observanan (Migare 3)

The analysis of the data gncn above reveals that three cases of heptuis
deseloped 1 91 reciprents of onls one whole bload transfusion and thit
the three donors whe mduced the complication had normal serum bik
rubin nd negatne flocculation tests Conyersely 1n none of the reciprents
of blood from donors with abnormal scrum bilrubin and/or posttive floc
calation reactions did hepanitis vth jrundice accur

CENCRAL  DISCUSSION
N T Maciwas M1 (London Tnghnd) 1 was naturally most mter
ested mndeed in these two papers on the flocculation tests 1 admired sery
much Dr Remnhold s rehnement of thes measurement of thy mol furbrditsy
and 1 find that he 1 using 1t 1 1 much more accurare way perhips than
we have ever attempted to do

I have alwavs rather looled upon the test 15 2 semiqualitative rather
thin quantrtative test aad there 15 a0 doubt that all the detasds he men
noned are of the utmost imparance 1f mnportance 1s to be ttached to
very smalt differences m turbidis which we have not as 2 rule done

There 15 onc pomt thae I fecl nught posubly help and that 1s chis ques
non of lipemia Dr Retohold s shown that the thymo! turbrdity was
shghthy higher after meals and occasional cases in the higher range may
perhaps be due to abnormal Iipeniras which would not really matter from
the pomnt of vtew of blood donations

1 wonder whether he has considered try ing the method we use — w huch
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Dr Remhold have anv information on the size of the adrenal cortex m the
whte race as opposed to the Negro race tn Philadelphia®

Jomn G Remuorp PuD (Philadelphia Pennsyhaniz) 1 beheve the
thymol turbidity procedure 15 worth refinmng and that 1t 1s capable of
gning precise results The preasion that we get I would sav would
average about o 2 or o 3 unit. In terms of per cent that compares favor
ably with other laboratory procedures very widely used

We are of course much concerned with getting accurate results be
cause every time we exclude a blood donor it costs money and conse
quently there has been that deterrent to this refinement

We have tested high 1onic strength reagents such as Dr hunkel has
produced Ve have not tried adding just a drop of sodium chlonde and
that w e shall attempt to do 1% e didn t have much success with the modifi
cation that Kunkel suggested in discimmating between the two and
getting results that seemed as useful

Another factor T would hke to mention 1s that the hyperlipemia and
hvpobeta protemerma that sometmes turn up mn panents with hver dis-
ease — particularly in fasting patients —are measured by the thymol If
one were to exclude those patients [ think the test would suffer some loss
of usefulness

‘The youngest Negroes studied by us were 18 years old These nere
voluntary healthy blood donors and of course taere would be differ
ences reported n Afnican nfants at birth We have no mformation about
the adrenal cortices of our blood donors

Roeert F Norwmis M D (Pluladelphiz Pennsvhiama) 1 am glad Dr
Duccr presented those negative donors of his because I do not want to
gne the impression Dr Maclagan that we think this has proved that we
recommend 1 any wayv that anvone using these tests m a screening regi

men have amy feeling of compulsion I thik the 24 cases we had are not
enough to gue precise values and I hope Dr Ducct walt send me the
statistics and data on those 3 cases I shall be glad to mclude them in any
further statistical analysis we make on single donors
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1 don t behieve there 15 any final answ er to thus at alt On the one hand
we have the very good and clisstc work of Paddock and his colleagues,
suggesting that relatnely large amounts of protem m atcohohes wath
cirthoss are sutable Along with that goes the work m expenmental
animals

It has been known for many sears that protemn will present certam
forms of Iner diseise The results from Japan of Dr Chalmers and s
colleagues are equinocal 1 thinlk that large amounts of protemn did pro-
duce onlv serv shght shortening of convalescence

There seerns no doubt that protemn 1s very useful and should be fed at
least 1 adequate amounts to a person with severe hier disease unless he 15
suffering from signs of earls hepatic coma or cerrainly deep comz and
then I think Dr Sherlock and I would agree from our laboratopies that e
wauld omut all pratein Ta chus cireumstance we are treaung the bran and
not the iver which I think 1s che most important aspect of the matrer

SHeA Snertoch M D (London Iingland) I would fthe to comment on
Dr Ghyorgs s paper

Ve find that i established hver discase methionme can be quite
definitel toxic This tonseirs can be prevented by gung wide spec
trum antubiotics Presumably st is affected by changes in the bacteral
flora

We hae to think abour more than the ordinary bactersal flora m Iner
disease % Iule worhing last v car with Dr Martton who 1s here we found
that the bactesial content of the small intestine was constderably ncreased
m cirrhosis one does not only have the tovic effect of methromne but
also the effect of increased numbers of orgamsms acung on 1t So cef
tamlh in established Iner disease nowadass I think we have no ratsonale
for g ing an anuno auid that 1s potentalhy very touc

Dr Renhold s paper on the globulin changes in the Negro was most
interesting because this vear I have been at a conference i Afnca where
there was a great deal of talk about the mcreased globulns occurring i
Africans It was stated that this was much more than that of an Africant
transported from West Africa to the Unied States This was attributed
to vanous things not mfections particularly but malnutrinon Al sorts of
theonies were nvoked much as the adrenal cortices 11 the Africans m
Afriea were different and therefore they had more response m thelr
globulins and so on

I think it 1s very nteresting that Dr Reinhold has shown that in pre
sumably well nounshed American Negroes the same globuln change

occuss
T would bike to ask hum first of all how soen the globulia change
occurs In the Afnicans 1t occurred withmn six months after birth Does
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Storage of Blood Plasma Prevention
of Virus Hepatitis by Roont Temperature
Storage of Pooled Plasma®

] GARRCTT ALLEN MD and WINN A SAYMAN MD
(Chicago Hlimons)

In previous reports from our lahorators our principal interest in the
room temperature storage of hquid pooled plasma has been to answer two
questions  First did anv of our patients who developed homologous
serum jaundice fall among those who recened only plasnwa® Second 15
there any evidence that the admnnstration of our plasma to patients also
recerving our blood results 1 an increased attack rate of homolagous
serum jaundice over that encountered for the group who recened our
blood alone?

The answer to the first question from previous studies as well as the
one reported here 15 No The answer to the sccond question has
presiously been No  but our restudy of our plasma plus blood group
along the lines of our plasma alone group as heremn outlmed 15 not yet
completed and hence cannot be fully answered at this ttme However we
have no reason to beleve that our former ympression fac this cambined
group of patients 1s in error

We are endeavoring to ostablsh the follow up of as manv of our
patients as have recened plasma with or without blood In addition all
blood bank records and clinical charts are being thoroughly restudied and
anahyzed as to the hind or hinds of transfusions each patient recened Tlus
study thus far has disclosed that in our zeal to establish whether or not a
transfused patient developed homologous serum jaundice too little at
tention was directed to the ty pes of transfusions which the patient might
hate recened at some ume before or after his plisma transfusion during
the preceding or subsequent blood bank year

To date our restudy 1s completed onhy for those patients who recen ed
onfy our plasma This mtensne restudy of all of our records contnues
1o disclose that none of our patients receiving only our pooled hquid

This work 1s beng ¢ nducted under Contract No DA 49-007-\1D-93 from the
Office of th Surgeon General Deparement of the Army
%
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The second practice which corrupted our counts of the past was the
fatlure to record on the patient s tramfuston card all transfusions actually
admunistered Instead all transfusion transactions were recorded mn the

charge book  from which the patient was billed Alany nstances were
found where the transfusion card was mamtaned mcompletely The data
m the charge book were found to be it good agreement with those
recorded 1n the notes of the chinical chart by the nurses mterns restdents
and attending physicrans In retrospect the failure of personnel to main
tamn the transfusion card as efficiently as 1ntended should have been antict
pated for several reasons First during peak work loads ancillary records
are likely to fail Second many of these omissions occurred after the clos-
g hours of the bloed bank 2nd on hohdavs when members of the house
staff called for blood and/or plasma to be transfused under emergency
crrcumstances frequently leaving, only a nofation in the charge bool as to
whom the transfusion was gnen

Hence dunng the current year Dteralls more than a thousand man
hours have been devoted toward what we now call a peeling operation
panng down alt the patients erroncously histed previoushy 35 having re
cened our pooled plasma only By this tedious process we have been able
to reach the hard core or srreducible number for this group

The number now established for the plasma 2lone group cannot be
further reduced However this number too will change as we continue
our efforts ta determine the final hard core figure for the plasma plus
blood group hecause of (1) the incidences not yet counted for patients
whose only transfusion was that of our plasma called for after blood bank
hours by members of our house staff at times when the bank was unat
tended and (2) the scidences for patients to whom plasma was grven
under emergency conditions and blood was later delivered to the bedstdes
but not used because the panents had already responded sufficently well
to plasma The blood was returned to the blood bank to be discarded and
charges to the patient were revised but this change was not recorded on
the patients transfusion card These two reasons will necessitate the
transfer of an undetermined number of patients m the other direction
namely from the plasms plus blood group to the plasma alone group and
possibly also some to the blood only group

It should be clearly stated that none of the patients transferred from the
plasma only group to the plasma plus blood group were ever known to
have developed homologous serum jaundice or svmptoms of hepatins
Thus our basic observation that no patient who has recened our pooled
plasma alone 1s known to have developed homologous serum jaundrce re
mains unchanged Onlv the total number of patents in the plasma alone
group 1s affected by this resiston

Any teansfer of patsents from the blood onh group or from the blond
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plasma developed homologous serum jaundice However our total figures
for this group of panents are n need of sertous revision from those pre
vioush published The current study has disclosed mamy errors i our
blood bank records which affect only classification as to whether a
patient should be grouped in a plasma alone serses or as one having
recened plasma wich blood and/or other products

As might be expected the reclissifications have increased the plasma
plus blood ctc group at the expense of the plasma alone group Conse
quently this serioush dmurushes the group whom we had previously re
ported as recensng only plasma This Joss of course 15 hhely 1o bea gan
for the much Jarger blood plus plasma group It should be made clesr that
the figures to be presented here represent the absolute mnimum to which
the plasma alone group can be reduced and that v hen our final restuds 1
completed the numbers mn this group will be larger than presented st ths
ume Thus while these data are rentative 1n one way they are final in an
other The only subsequent revision possible for the plasma alone senes
when our restuds 15 finally completed 1s i the upward direction

Thus our major problem during thus past v ear h1s been to establish what
the hard core figure 1s for those pattents who actually recersed only our
pooled plasma On the surface this may scem a simple tash such has not
proven to be the case Indeed this one problem has been more difficult to
resolve than all others sncluding follow up

As some of the bassc difficulties we have encountered mav bear upon
sumilar studies by others we beltes e some description as to how they came
about may be desirable and perhaps useful for the problems for each
pauent were numerous arted and occastomally uwmque In pnncnplc
however two practices over the years have explaned most of the ac
countmg troubles we have detecced In retrospect while we hase alwass
suspected some naccuracres from these two practices occasional spot
cheching failed to disclose their magnitude The first pracrice at faule was
the annual reseriahzation of recipient numbers 1n the blood bank the first
of each July from 1942 until the present begmnmng agam each year on that
date with number one Thus introduced the recogmized problem that some
patients were transtused agan but during another blood bank jear and
were counted twice This could and did occur in the last siy month pcnod
of the preceding vear or first siv month pertod of the subsequent year or
both at anv interval from 1 to 179 davs from the July st date Hence
double counting occurred which was a possibility and achievement that
had to be eltminated In our current revision we have been able to delete
all double counts save for those transfusions of plasma which were sepa
rated by pertods of stx months or longer on both side of the tume that the
plasma transfustons were admunsstered The same review 1s now under
way for patients who are known to have recensed plasma with blood
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transfuston All of these have been follosed or traced as mdicated
below
1 Personal nterview and exammation by physicins 1n the
Unuersity of Chicago Clhinies — 67
2 Contacted by a physicran and interviewed by telephone sup
) d by Jetter of from the panent — 63
3 Famly of patient slso contacted by a physician and snter~
viewed by telephone supplemented by confirming letter
-1
4« By contact with the family physicun only and supplemented
by confirmmng letter — 25

Total 181

€ Sunmiary o} mter-iews rehtne to symptoms of homologous serum
Jjaundice or of hepatitss without jaundrce

Number of cases of homologous
serum jaundice
1 ¢ pattents unfollowed and untraced ?
t 104 prnents followed or traced unnl death °
3 181 pattents followed or traced for longer
than 180 days 0

Torat ;-5‘ patients — no hnow n jaundice and/or no

symptoms of hepatt ts 989 per cent
4 patients — final outcome unknown 13 per cent

D Conclusions from our current plasnry only dutt

1 All char may be said at this ttme 35 this We can find no evidence
that recog nizable signs or 5y mproms of jaundice deyeloped among alt
of our patients who recenved onfy our plasma Ninetv eight per cent
of this entire proup has been followed unul death or for six months
or longer after their plasma transfusions I'or stx months or longer
97 8 per cent were satsfactonly followed This observation 15 con
sistent with our previous reports * and those of Hoxworth ef af
“These conclustons will be strengthened or weakened depending upon
the resalts obramed when a simufar restudy has been completed for
our patients recening our plasma plus our blood The earh high
deaths rate mahes the assemblage of a large serses of patents recen ing
plasma alone extremely difficult
3 The necessity for revision ot chissthearton 1s rerrettable but the faces

a5 established by thy suevey leave no ather coune The 185 patent

figure for this group 1 now firm and represents those followed for

M
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plus plisme series to our plasm alone group affects only the nteral
numerical relnonships and contuns none of our 88 hnown cases of
homologous serunt jaundice: AN cases of homologous serum jiundice have
already been re exmmed and 1t 1s well established that they he excher in
the blood only series or m the plsma plus blood group The attack rate of
fomologons serum jaundice for our plasma alone group stil remans 2ef0
for all of our followed patients

Wth the 1bore mentioned reclisficatrons and wuth the readers full
realization that the finl data will noe be v aable for some months the
followsng are the tentitne figures relnc to the plsma alone group of
paenrs Al donors lt poals nd their respectis ¢ characternsiics are sepx
rately tabulated on punch cards for future use

A Donor population Succwmetls the fallowing are the facts relane to
donors comprising the plasma grsen these patients as ncarly a5 we can
establinh 2t this ime

1 89 patsents recensed onh phismt m winch all umits gnen were de
rived from 1 total of 64 poobs of our plismn
These 68 pools were prepared from phsmn derned from 765
domitians mide by 6390 donors QfF the 76 ¢ domwnons 1135 1P
resent repett domanons mnging from to trmes by 45 of the
tot1t donors myohved 1n this pare of our study The idennty of 33
donon n the entrre seres s unknown

3 The men donor evposure per patient transfused 1n this series 15 §0°©

B Outcome of follow up or tring of pitients trmsfused
1 Of the sg pattents recening, onby our pooled plisma the final out
come of all but 4 of the 59 15 now firmlhy established At Jeast of
the 4 are belteved to be lung
a toy piecars died shart of sis months i the Unn ensiey. of Chicago
Clmics at home or n other ho preals When death occurred else
where the famly doctor ind/or famih were directly contacted
died within less than ene weel
dicd between the 7eh and st day
died between the zoth md Gise diy
died between the oth and grst day
died between the gath and 1 st dny
died between the ¢ oth and 15ise day
died between the rsoth and 1vast dav

[ORF VR SR
l “
Y

Total 104

b 182 prvsenes sunved v months or longer after therr hist plasma

S
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transfusion All of these have been followed or traced as indrcated
below
1 Personal mterview and examimavion by physcians m the
Unnersity of Chicago Chnies — 67
Contacted by a physictan and mtenviewed by telephone sup
plemented by letter of confirmation from the pinent — 63
Famuly of patient also contacted by a phyvsicran and inter
viened by telephone supplemented by contirmng letrer
_2
4. By contact with the family phy sician only and supplemented
by confirmng letter — 2§

N

w

Total 181

C. Sunnmary of terriets relatne to symptoms of homologous serum
jaundice or of hepatius without jaundice

Number of cases of homologous
serum jaundice
1 4 panents unfollowed and untraced 3
2 104 patients follow ed or traced unul death o
3 181 pattents followed or traced for longer
than 180 days o

Total 285 patients — no known jaundice and/or no
symptoms of hepattis 987 per cent
4 patients — final outcome unknown 13 per cent

D Conclusions from our current plwmyonly data

t All that may be said at this time 1s this VWe can find no evidence
that recognizable signs or sy mptoms of jaundice developed among all
of our patients who recenved onlv our plasma Ninery eight per cent
of this entire group has been follow ed untit death or for src months
or longer after their plasma transfusions For six months or longer
97 8 per cent were satisfactonly followed This observation 1s con
sstent with our presvtous reports ! and those of Hoxworth er af
These conclusions wll be strengthened or weakened depending upon
the results obtained when a simlar restudy has been completed for
our patents recenmg our plasnn plus our blood The earh high
death rate makes the assemblage of a large senes of patients recervmg
plasma alone extremels difficult
The necessits for revision of clssification is regrerrable but the facts
as established by this survey leave no other course The 18t patient
figure for this group 15 now firm and represents those followed for

N
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plus plasnia series to our plasma alone group affects onlv the internal
numencal reliuonships and contans none of our 88 hnown caes of
homologous serum jundice All cases of homologous serum jaundzce have
alreads been re exammed and 1t 15 well established that they Jie either
the blood only serics or in the plasm plus blood group The attach rate of
homologous serum jaundice for our plasma alone group still rematns zero
for all of our followed patients

With the above mentioned reclassifications and with the readers full
realtzation that the final data will not be avatlable for some months the
following are the tentatne figures relaene to the plasma alone group of
patients All donors all pools and their respective charactenstics are scpt
rately tabulared on punch cards for future use

A Donor population Sucemcth the followmg arc the facts relame t0
donors comprising the plasma gnen these patients as nearly as we €an
cstabhsh at this time

1 89 patients recened only plisma in which all units gnen were de
med from a total of 268 pools of our plasma
These 68 paols were prepared from plasma derned from 75
donations made by 6390 donors Of the 7625 donations 113§ rep
resent repeat donations ranging from o 2 tintes by 452 of the
rotal donors myolved m this pare of our study The sdentity of 33
donors i the entire serses 1s unknown

3 The mean donor exposure per patsent transfused in this senes 15 400

B Outcome of follow. up or tracing of psems transfused
1 Of the 8y pattents recenning only our pooled plasma the final out
come of all but 4 of the 289 15 now firmly established At least of
the 4 are believed to be hung
a 104 patients died short of six months i the Unn ersity of Checago
Clintes at home or 1 other hospitals When death occurred els¢
where the fanuly doctor and/or fanuly were directly contacted
1 59 died within less than one weel
2 6 died between the yth and 3ist day

3 7 died between the joth and 6ist day

4 4 died between the Soth and grst day

5 4 died between the goth and sz21st day

6 3 died between the 120th and 1515t day

7 1 died berween the 15oth and 18:st day
Total 104

b 181 patients surn ed stx months or Jonger after therr Jast plasma
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Ewvaluation of the Rusk of Transnmiting
Hepatiis by the Admmstration of
Dried Fibrimogen (Hutnan)
(A Prelumnary Report)

H D ANDERSON PuD
(Lansing Michigan)

SAMT GIRSON \ID
(Washington D C.)

Following the report of Moloney Egan and Gorman? that afibrine
genemta may be acquired i pregnancy and the later report of \Wemer
Reid and Roby  which described some of these conditions m detai] 1t
was clearly indicated that a demand evisted for a therapeutic product
nchn fibrinogen Weiner Reid and Roby 3 described 2 method of man
agement which mcluded the use of dried fibrmogen (human)

Dned fibrinogen (human) 1s a product prepared from human blood
by a modification and elaboration of the method of Cohn et al* This
prefuninacy report deals princpatly with the hepauts nsh of this prod
uct The clinical evaluation of this product for the treatment of a varety
of conditions reported will be the subject of a later report Likewise
the detals of method of preparation will be described m another report

‘Through the blood program of the Amencan Nauonal Red Cross there
eusted a large supply of crude Fraction I then a by product of therr
fractionation contracts This fraction was a rich source of human fibrino
gen providing smtable methods could be emplos ed for preparing a stenle
and stable product wich a low risk of transnutting the hepatitis (B) virus

Therefore it was agreed that with funds and source material provided
by the American National Red Cross the Mlichigan Department of Health
Laboratories would develop methods for reprocessing these stocks of
crude I'raction I The medical staff of the Amencan National Red Cross

This work was done ¢ th reuc t of the D rectrr of the Amenican National
Red Cre 5 Blo 1 Progr munle a g enent bet vcen the Amenican National Red
Cross and the M ch gan Department of H alth Laboratones

287
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si¢ months or longer 1t 1s pomted out that the total number of M

tients recening only our plasma will be ncreased when our ennire
study 15 completed

RIFERENCES
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1952 and to date we have distributed 45 lots represenung 366 packages
Each lot has varied in the content of fibninogen per bottle the range bemng
059 Gm to 3 5 Gm The average content has been 1 60 Gm per bottle
‘The clattable mtrogen ranged from 49 to 88 per cent with an average of
73 5 per cent

The reason that the fibrinogen content vanes from lot to lot appears
to be related to the freezing or freezing and drving of the crude Fraction
Tand the problems relating, to shipping and storag e before 1t 15 reprocessed
Under our conditions 1t has been impossible to predict the degree of
solubility of the crude Fraction I and conscquent!y the amount which 15
remoied m the clanfication and filtration procedures The final product
contains 6 Gm dextrose 14 Gm sodwm citrate and o 34 Gm sodum
chlonide per botele and 1 1sotoruc when dissolved i 200 ml of distilled
water Under these circumstances 1t 1s impossible to dispense a constant
amount of fibrinogen without wide vanation 1n the buffer concentration
Therefore we have filled a constant volume of the buffered fibrmogen
solution and recorded the fibrinogen content based on analyses for clot
table mtrogen,

Rrsuirs

Table 1 mndscates that on the basss of 408 clmical reports recened to
date wherein 841 units of fibrinogen and 304 pmts of blood were used
this study mughe mnclude ulumateh 118 case reports with 366 umits of
fibrmmogen and 8742 pmts of blood Of the 408 climeal reports recened
223 are complete there are 152 with six month hepatinss follow ups and
7¢ where the patients failed to sursive through the peniod of hospitaltza
nen None of these deaths were attnibuted to an unfavorable response
te fibninogen

Table 2 presents a summary of the types of cases for which fibrmogen
was used It 1s nteresting to note that 97 (73 per cent) of the cases were
associated with pregnancy and that 130 (3 per cent) were dagnosed

TaeLe 1
FIBRINOGEN DISTRIBUTED

Representing

Numler  Fibrnogen food

Tenm of Cases (L) (Punts)

Cases Repw rted 408 841 3047
Hepanns follw ups 15> 319 96

1) aths 10 reported cases 71 146 89

Follow ups fuc 185 16 1196

Cases ar reported 773 1675 5/00

LCimead
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agreed to manage the distribution of the final products and to obtai the
chinical reports and hepatius follow ups Lach bottle of fibrmogen was
packaged mdndualh together with an instruction leafiet that emphasized
the potential rish of transmnttng hepanitis Also included was a report
form 1o be completed by the attending physician and forwarded to us
tmmedutels At approumateh three month and six month atenals 3
follow up lercer was sent to the phvsiciin ashing that he arrange to se¢
the patient agamn and report whether or not there had been any evidence
of hepatttis or jaundice

Distribution depots were selected by the Amercan National Red Cross
on the basis of their geographic focation as well as the withngness of the
distributor to assist us in obtaming both the eltmical report and the hepa
s follow up ac three month and siv month intervals

The Michigan Department of Health had prepired 2 product labeled

Anchemophilic Globulin - since May 1948 This was sunphy 2 sterle
ary FTraction 1 prepared from stricth fresh plasma which had been s
radiated with ultraviolet Irght Alans reports were recetved wherem rela
trsehy small doses of this product appeared to correct the oozng Thpe
hemorrhage which now appears to be related to hy pofibrmogenenia
The reports of Tamblyn 8 and alse of Coon and Iodgson ¢ were the first
published reports where the antthemaphilic globuln was used to control
this t pe of acquired hemorrhage The low incidence of hepatis follow
ing the usc of this product made 1t appear hhely that farger doses of
fibrinogen could be prepared by a simular method

The antthemophilic globubn had been prepared from plasma pools
representing, from 6o to too blood donors and was packaged m doses of
200 mg cach The Pracrion I'stocks available from the American National
Red Cross represented poals of not less than 2000 donors and i some
cases 1n excess of o oco donors We planned to pachage the dned fibrmo-
gen in doses of 2 to 3 Gm each

Metitons

Fraction [ was separated bv E R Squibb and Sons usmg the method
of Cohn e af * from surplus and outdated blood arsing from the blood
program of the American Nattonal Red Cross The Fraction I was shxppcd
to the Alichigan Department of Health in the frozen state or as bulk
dried powder This matenial was redissolved clanficd and irradited wath
ultrassolet ight most lots were agam repreciprrated and redissoled fil
tered through an antibacterial (Senz trype) filter placed in final con
camers frozen dried and stoppered under vacuum Tests for clotrable
nitrogen sterihity safers and pyrogemary were performed on final bottles

selected at random
The first lot of fibrmogen was released for clinical evatuation in Mas
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195 and to date we have dutributed 45 lots representing 2466 pachages
Each Jot has varted mn the content of fibrnogen per bortle the range bemg
059 Gm to 35 Gm The average content has been 1 60 Gm per bottle
The clottable mitrogen ranged from 49 to 88 per cent with an average of
73 5 per cent

The reason that the fibriogen content varies from lot to lot appears
to be related to the freezing or freczing and dnving of the crude Fractron
Tand the problems relating to shipping and stora, e before 1t 1s reprocessed
Under our conditions 1t has been mmpossible to predict the degree of
solubihity of the crude T'raction I and consequently the amount which 1
remosed n the clanfication and filtration procedures The final product
contains 6 Gm dextrose 14 Gm sodmm citrate and o 33 Gm sodum
chloride per bottle and 1s 1sotonse when disselied m oo ml of distilled
water Under these circumstances 1t 1s tmpossible to dispunse 2 constant
amount of fibrinogen without wide vanation tn the buffer concentration
Therefore we have filled a constant volume of the buffered fibnnogen
solution and recorded the fibrnogen content based on analyses for clot
table mitrogen

RrsuLTs

Table 1 indicates that on the basis of 408 climical reports recened to
date wheremn 841 units of fibrinogen and 303 pimts of blood were used
this study might mnelude ulomately 118 case reports with 466 units of
fibninogen and 874 pimts of blood Of the 4o% chintcal reports recened
223 are complete there are 152 with six month hepatitis follow ups and
71 where the pattents faled to survne through the penod of hospitaliza
tion None of these deaths were attnibuted to an unfasorable response
to fibrinogen

Table 2 presents a summary of the ts pes of cases for which fibrmogen
wasused It s mnteresung to note that 297 (73 per cent) of the cases were
assoctated with pregnancy and that 130 (32 per ceat) were diatnosed

Tastc 1

FIBRINOGLN DISTRIBUTLD

Represents vg
Aumler  Filrmogen

tert of Goes  (Lms)  (Pts)

Cascs Ropereed 409 B4+ 3042
H patis flln ups 152 319 96
Dath in 5 ported cases 7 146 89
Foll v up duc 185 16 1196

Cases not e red * 74 165 5 00

Lrnayd
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abruptio plicentac Conditions associated with long term dead ferus
(missed abornion) represented 45 cases (1o per cent) These classified
under miscellancous cases associared with pregnanes (86 cases) include
th d abortion bol and postpartum hemorrhage
of unhnown etrology

Included 1n the group classified as postsurgical and posttraumatic were
63 cases representing 1o cascs with thoracic surgery 8 cases with mera
static cancer § cases with traumatic imury to the hver or spleen and 4
cases with csophageal varices

In the group of 39 cases which were classified as muscellancous were
Dight cases of congemtal hy pofibrinogenema 8 cases assoctated with
rerminal metastatic cancer g cases with hepatiss or cirrhosis of the bver,
3 cases with menorrhagia and z with leukemu

‘The dosage of fibrinogen ranged from 1 to 10 Gm per case with an
average of 32 Gm (2 1 units) Whole blood usage ranged from o to 104
pmts per case with an aterage of 75 In 4o reports whole blood usage
was not recorded and 18 reports indicated that o whole blood was used

Table 3 presents smular data for the 15 cases for which the six month
hepatttis follow up has been recened The general distbution of cases
as well as the amount of fibrinogen and whole blood used are sumilar fo
the preceding figure Your attention 15 directed to the results of the
hepatitis follow up Ten cases of hepatiers were reported i 152 €ases
which recened a toral of 319 untes of Abrmogen and 967 pints of blood
These ten cases are summarized m Table 4

The incubation pertod ranged berween 48 and 124 davs Ten lots of
our fibrinogen were associated with these cases and three lots (75 77 and
86) were assaciaced with two cases each These latter three were large
lots with 70 81 and 10 hottles per lot respectnelt while our average
lor contamed so bottles Two of the cases also recenved fibrnogen pre
pared by Cutter 1aboratortes of Berheley Calforna and two patients
also recened dried commercial plasma Fach patrent recened whole
blood the amaunt ranging from 1 ta 3 pmts Eight of che patents hate
recovered from hepatius One died two day s after hepatitis was dagnosed
Another died foltowing surgerv for obstructine jaundice since the medt
cal history did not reveal the blood and fibnnogen transfusions three
months earlier

There were 18 cases reported v here only fibrinegen and o blood was
emploved Fifteen of these cwses sursined and the hepatts follow ups
hne been recenved Three of these cases recen ed mmtmal exposure stnce
the fibrinogen was used as an md 1 pyelolthotomy Tuehe cases
cluding 6 adults and 6 children rccenved one or more units of fibrinogen
weratenoush  The 6 children were diagnosed cases of congemtal hypo
fibrnogenemia and recened 42 units of ibrinogen representing 15 (0 19
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Jots The 6 adults were dragnosed s conditions associated with preanancy
and recerved 11 umies of filnnogen representing 6 different lots Up 1o
this date no hepatitis has been observed n a patient who recened only
fibninogen

Discussion

From the data presented 1t 15 evident that this must be considered a
prelmunany report These data reflect not more than 222 completed
reports and represent only 365 (19 per cent) of the umits of fibrnogen
distnbuted

Under 1deal condisons an evaluation of this hind should be performed
n a hughly selected group of teaching hosprtals where careful attentton
to records and 1dequate hiborttory controls are rounne In this case the
meidence of acute hipofibrinogenema s reheely rare n amy single
hospital and 1c was necessary to make the product asailable on a nanon
wide bisis n order to secure a reasonable expenence in the four year
pertod outhined for this study

It would also be destrable to sclect cases where the product under
craluation was the onh possible exposure to hepatitis In the case of
fibrinogen 1t 15 used under circumstances where sigruficine quantitres
of whole blood re usully required OF the 08 cases which have been
reported onh 18 reports stated that no blood was used Torty other
cases had no entry for whale blood

In spite of the mtense effort to inform each physicin 1n advance that
we required an 1dequate chnteal report and a hepatts follow up ourf
evpertence has been rather disappomting Considerable dfficules has been
evpertenced 1n our efforts to obtan the chinical report forms parnicularly
reparts winch contaned all of the necessary mformition Many follow up
lerters and telephone calls hive been necessars i order to obtam the
essential information

The hepatits follow ups have been somew hat easier to obram once
the physician and pasient hwe been identified in our records In genenal
the ncgaave reports have been recened stowly and have required 1d
dintonal reminders while the actinl cases of hepiuts hrve been reported
as soon as thes were olserved In spire of our efforts to mal ¢ 1t clear thit
we need both the clinreal report on the c1se nd the hepitins follow ups
before releasiag fibninogen to 1 physictan mmy htve appeared surprised
that we have asked for written reports when therr patients did not con
tract hepattis This prompts us ro wonder 1f the ten crses reported to
date represent the total usage of fibnnogen rather than the 152 cases
wliere the records are complete

At the present time an exhustie effort 15 bemng made to trace each
bottle of fibrmogen distributed and to obtam complete reports for cach
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case treated A similar effort 15 being made to obtan hepauns follow ups
on each surviving case which has already been reported

SuntaraRY

A prehmnary attempt has been made to evaluate the sk of trans
mutting hepantis through the use of 2 human blood dernatie called
dried fibrinogen (human) Dunng the four and one half year period
corered by ths studv we have prepared and distnibuted 45 lots repre
senting 2466 bottles with an average fibnnogen content of 1 6 Gm each
Only 152 complete case reports have been recened which include 2
ste month hepatinis follow up These cases represent the total use of
319 bottles of hbrinogen and g67 pints of blood Ten cases of hepatitis
have been reported with 2 deaths Each patient who contracted hepatis
akso recened whole blood two also recened fibrinogen prepared by
another mannfacrurer and 2 cases recened dred commercial plasma
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The Distribution of Certmn Viruses
m the Fractionation of Plasma

ROBFRT B PENNELL PuD
(Boston Massachusctts)

Plasma consists of a muxture of numerous soluble proteins each of
which presumably fulfills a speaific physwological function Studs of
systems of separating these protemns from one another to make asailable
the specific agent for a specihc climeal requirement recened great 1m
petus mn the fifth decade of this centues from che needs of the armed forces
of the United States At the same time and for the same reasons the
use of dried whole plasma was increased tremendoush In 1944 when 1t
became evident that the possible transnussion of the virus of homologaous
serum hepatitis by pooled human plasma was an extremely senous hazard
the question as to whether this hazard could be arrcumnented by the use
of plasma fractions rather than of whole plasma was immediately posed
1 propose to exinune what has been learned in answer to that question

Because the method of fractionation can be all important 1n 1ts influence
on the presence of viruses m fractions and to permit the simpheity of
using certain terms which hive become standard n discussing plisma
fractions a brief of the tech of phisma frac
must be made To avoid undue compleury onhy those svstems of frac

vonation will be considered for which data perunent to the subject are
avatlable

The first svstem of plasma fractionation to find extensie use was pre
sented by the group at Harvard Medical School headed by the late Dr
Edwin J Cohn! This scheme mvolved separation of plasma components
b balancing romic strength pH protein concentration temperature and
ruscible organic solvent The svstem underw ent 2 number of modifica
tions of which Method 6 became standard for separating the plasma iato
five major fractions A schemanic representation of this method 15 given
1 Figure 1 The terms Fraction I Fraction 11+111 and Fracuon V will be
used 10 this discussion

For the prepararion of gamma globuhn from Fraction TI4+TI1 Method ¢
found widespread use 2 This 15 presented schemancally i Figure 2 From

97
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this method ractions I1 and T will be referred to The combmed pro-
cedures have come fo be hnown as cold ethanol VMethods 6 and ¢

A second svstem emanating from the same qroup 1s dependent on the
reversible storchiometric nteraction of zinc tons with plasma protems.
It bas come to be known as zinc \ethod 1 The techruques mohed
require less dristic mampulation of the plasma protems than do those of
the cold cthanol svstems The essentuals of the zinc svstem are presented
1 Figure 3

A third sustern of fractionation which has been used exteaselh m
Europe his come from the hboratory of Dr Hans Nitschmann m B m,
Swrzerland (Fiaure 4) It consists basically of cold ethanol Method o
modified by application of the Deutsch extraction of gamma globukin®

Sull 2 fourth svstem must be considered that of hekwch and Vacks
(Fizure §) * m which separation of plasma components 15 achieved by 4
svstem emploving dieths | ether rather than ethanol

Smee there his been no means of cultm anng or of derecune the virus
of homologous serum hepitis in the laborators the sole maaner of
accurate assessment of its dsstribution 1 plasma fractions has been the
use of human volunteers which 15 so hizardous and costh that i has
had to be scvereh restncted  Because of these circumstances much of
what 15 hnown concernmyz the distribution of this virus durng frac
tronatton has been ganed by nference from studies with other viruses
which ean be more easily assessed 1m the Jaboratort

Several factors hase phved 2 part mn the selection of evpenmental
viruses for thus work Fa e of study has made the bactertophages handy
tools for rapid assessment of techmques Earlv work ¢ disclosed great
samabilies 10 the stbiinn of different viruses to chemical and physicst
virucidal agents \foreover the spectrum of vananon mght differ ap-
precibly from agent to agent malang 1t 1mpossible to select a paroicalar
1irus as most resstant to all techniques Thus for the evaluavon by
ference of the effect of amyv techmque ncluding fractronation on the
virus of homologous serum hepatis a varety of laborarery viruses
should be studied

Certam properues of the homologous serum heprntis virus wself hne
heen gnen important consideration Immunologicallh  there 15 etle
evidence that effective anubodies agamst 1t eust jn human plasma® ®®
It 1s therefore mmportant to choose laborators viruses for which anni
bodies are unlikeh to exst The persistence of serum hepatinis virus 1
hophilized plasma demonstrates that one must choose a virus resistant
to freczing and drving

In an ealy unpublished studs Bird Enders and Bovd ! added
vacaima virus tobacco mosaic virus and Theiler s mouse encephalomve-
lwss virus to plasma which was then frictionated by cold ethanol Alethod
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NTSCHMANN TRACTIONATION PROCI DURE
TOR PRIPARATION OF GAMMA-Gl OBULIN

Plasma

Protemn 5%
1 thanol 8% (07
pH72

Fraction 1

{fibrinogen glabu
Ethnol 199 (~5°) I anthemophilic)
pliss

I 1
Ethanol 417, (-8°) Preaipirate A
pli4g extracted by ethanol 17% (6%
loric strength 001
pll48 adpusted o 5 1

Viquid supernatant  Crude albumn
discarded |

Tthanol 25% (=7 ) Precipiate
i 70 a and pglobulins

hquid supernatant ~-globuln
discarded

Fiotee 4 The disttibutt n of viruscs 1 plasma fractions

which differs from Method 9 primanthy n that Fraction 11 is precipt
tated from plhsma directhy rather than being extracted from [ractton
I and I The struses were chosen m part beense of therr dussimilanty
to one another No atrempt was made to quantitate the data but viab!
virus was found 1n all fractions prepared namely 1 1 Hf IV and V
In the hight of this finding n attempt was made to brng about destruc
tion of posstble virus i albumin prepared by the cold ethanol techniques
Plasma known to contain the virus of homologous serum hepatitss was
added to stabilized albumin and the albunun was heated for 10 hours at
60 C Gellis et 4™ reported that this technique destroyed the added
virus as qudged Dy infusion of the heated and of the unheated control
material ito human volunteers Al albumin produced by cold ethanol
Methods 6 and ¢ subsequent to this expeniment has been treated for
10 hours at 60 C prior to climeal use

Hampil Spizizen and Pennell! added coli bacteriophage and the
varus of mouse encephalomyocardits to plasma whieh was then separated
Mo two poruons one fractionated by cold ethanol Aethods 6 and o
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FRACTIONATION SCHEME
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]
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pH &S
‘Temperature —3 5 C
Exhyl echer 18 5%

Supermatant Y-globulin
discanded

Tiatee S Thed trbunon of wruse n plasma proteins
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and onc by zinc Method 12 Human plasma contans antibodics to nesther
of these viruses Both viruses were hnown to survne 1y ophilizaton. The
data are summmarized an Table 1 It will be scen that although the bulk
of the two viruses was removed m the carly stages of both fractionation
schemes vible organisms could soll be detceted m the albumun pro
duced by the cold ethanol procedure and in the stable plasma proton
solunion (SPPS) produced by the zinc method Morcover viable or
ganesms were found i gamma globulin produced by both methods
Larly realization that serum hepatitts infection often follow ed the clinmeal
use of fibrnogen (I raction I) had led to the suggestion that, becruse of
sts presumed hrge sze relatne to the size of the plasma prorans most
of the virus m plasma was removed i Fracton 1 These data do not
bear out that thesis and would suggese that the presence of virus i
Irwcnon I 1s due to the comparaenely short pertad of evposure of the
fraction to low concentrations of alcohol Chapmin®® and Smoalens ¥
have shown zme Method 12 to be an exeellent mewns of concentrating
and punfiing virus with essenually  complete recovery  The viruses
which they have studied are preoipitated with the phsmi globuhn
precytate and are not extracted from thi precprtate by the w ashing

Tasur 1
DISTRIBLTION OI VIRUSIS DURING 11 \SMA FPACTIONATION
Ter Cent of Orgunil ¥ irus
Jountm L riction
Columl us Sh

T Bucter phige  Fucephalomyocir s
(Qeowal Luee  (Orimpnd Tirer

25X 10 1.%X10Y)
Zine Fricnonition — Meihod 12
BaSO, bupernatant 58 28
Supernatane from 20mM zinc preaipitate
(PP *) 039
SPPS after zinc removal 013 9
Fuest oxeract of zine precipieate (gamma
glotulin} 0nong
Gamma-globulin after zmc remoyal 0000012 Trace }
Cold Ethanal Fractionation — Methals 6 and 9
Fraction I (fibrimogen) 12 61
Fracuon 1 + 11 65 9?
Fracuon IV 1and IV 3 & ’ 08
Fracton V (alburmun) 000007 “Trace §
Fraction J1 {gamma glol utin) 000109 019

*Seablc Plasma Proton S ur 3
1 Too litle ro determine rter
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procedures The present study would lend support to these findings
Nevertheless 1f infection may be mncurred from the presence of but a
few viable organisms these data also suggest that no plasma fracton
can be assumed to be free from a virns which may h1ve been present in
the onginal plasma without applicanion of a specific sterhizing proceure

The onlv defimitive studv of the distributson of homologous serum
hepatitis virus m plasma fractions has been that of Dr Redenich Mur
ray ! % and his co workers of the Biclogics Control Duision of the
Nattonal Institutes of Health using human volunteers In these studies
a plasma pool known to contain serum hepatitis virus was fractionated
both by Methods 6 and g 1n the laboratories of E R Squibb and Sons
and by Method 1 1 the laborarones of Sharp and Dohme Cold ethinol
albumin (Table 2) given m 3 ml amounts mtramuscularky produced no
hepatins but when given n full transfusion amount (100 m] contamning
25 Gm) mtravenoush 2 of 1o volunteers were infected After bemg
heated for 1o hours at 60 C no infection with hepatitis occurred fol
low mg rdministration of albumn at esther the 3 ml or the 00 ml level
Sixteen per cent gamma globulin produced by cold ethanol Aethod o
tested at 2 ml subcutaneously gave no hepatitis in 1o volunteers Gamuma
tlobulin was not tested at hugher levels because it 1s not common prac
tice to use 1t at hugher levels

Albumin (SPP5) produced by zinc Method 1 (Table 3) mfected 2
of 5 volunteers when tested at a Jevel of 1 ml subcutaneonsh Agam
after having been heated for 1o hours at 60 C 1 ml subcutaneously
farled to produce hepatitss m anv of 10 volunteers Gamma globulin pro
duced by Method 12 on the other hand when given to volunteers at 2

Tasrr 2

HUMAN \ OLUNTITR STUDIES OF SLRUM HEPATITIS \IRUS
IN PLASMA FRACTIONS CONDUCTED BY DR JOHN OLIPHANT
AND DP RODLRICA MURRAY OF THE NATIONAL INSTITUTES

Of HEAITH

COLD LTHANOL FRACTIONATION — METHODS 6 AND 9
Nuntlerof SemiRouteof — Hepatms

Folunteers  Admmsstrasson Witk V3 athont
Study Jnmdice  Jmdsce
Albunun unheared
a small inoculum 10 3mt IM o o
b laree inaculum 10 tooml 1V 1 1
Albunun heated 10 hours at 60 C
2 small inoculum 10 3ml TV [} o
large mocutum 10 1ooml 1V o 0

Cammagl bulin 10 2wl 16%SC 0 °
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Taste 3
HUMAN \OLUNTTTR STUDIES OF SERUM HLPATITIS VIRUS
IN PLASMA FRACTIONS CONDUCTID By DR JOHN OLIPHANT
AND DR RODEIRICKR MURRAY OF THE NATIONAL INNSTITUTES
O HLAITH
ZINC FRACTIONATION — METHOD 12

Numlerof Sieant Route of  Hepruss
Velunteers A fmmistranon ~ Wk~ W thout

Sedy Jumtue  Jumdsut
SPPS * unhcated 3 tmSC 1 !
SPPS heated 10 hours at 60 C 10 tml 5C 0 0
Gamma-globulm 5 $ml 851V 3 ?

*Statle Plasma Proten Solutron

levelof 4 mi of an & per cent solunon intravenaush produced hepatitts in
5 of 5 volunteers At the ume of the study methods for heatmg gamma
globulin were unknownt and heated maternal was not studied

Another tvpe of data mav be ganed by obseryation of reciptents of
plasma fracrions for a penod of 6 to g months following, admumstratton
of the fracon This procedure 1s difficult because of the long period of
obseriation required and because admmistration of amy other blood prod
uct 1 the meenm may iwahidate the obsersation Janewas 17 18 19 0 has
reported follow up studses on plasma fractions as shown m Table 3 o
heparttis mnfectrons were believed to have occurred due to 1977 imecnons
of gamma globuln or due to 7 wfusions of unheated albummn He be
heved one case of hepattis 1 each series to be almost cerramhy of other
ongin than the fracuon Fibrmogen on the other hand gave many 1
fections There was no nfection noted after admunsstration of heated
alburnn

TasLr 4
FOLI OW-LP STULDIES OF PATIFNTS RICEIVING PLASMA
FRACTIONS PREPARED BY (OID ITHANOL METHODS 6 AND 9
(€ A Jancuay 1952)

Pool St.e Nl er of Iatene
amler of Injections (per cent)
Study Diorey of Hepit
Fracuon { (abtnagen) 2000 7 7
Gamma globulin 10000 1057 o4
Albumin 2000
Unheared e ot
Heated 10 hours at 60 C 136* o

Number of patients
{ One case of hepatins Fat cvidence f vor mteep ctaf on 1 wa ot due to the pla ™

fraction
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Rorns 1 has reported follow ups of 629 recipients of gamma globulin
prepared by cold ethanol Methods 6 and ¢ There was no mncidence of
hepatitis

Although used rather widely for several years thrombin (Fraction
IIT) prepared by cold ethanol Methods 6 and g was not hnown to have
gnen nse to hepatins 1n recipients In 1953 howeser two production
lots of this fraction were reported to have mfected 15 recipients When
tested criically  these lots infected 10 of 15 volungeers 2 3 It was de
termined that the same lot of human placental thromboplastin was u ed
i the preparation of both of these thrombin lots One certamnly could
not exclude the placental extract as the source of the hepatitis sirus par
ucularly since this extract 1s used at the end of the fractionation procedure
shortly before 1y ophihization

The final report on cold ethanol Methods 6 and ¢ fractions 1s one of
an unspecified number of myections of Fraction IV 1 resulong m four
cases of hepatius 4

Tutring to other f; T d Natscl of the Um
versity of Bern Switzerland has prepared gamma globulin according to
the method outhned earlier His colleagues reported m 19547 142 10
jections without any known hepatitis

Fractionation of plasma by the procedure of hekwich and Machay
has produced gamma globulin which has been reported admmustered to
58 recip One of these d hepatitss after recening
4mi of 16 per cent solution 2" An unspecified number of mfections from
thrombin prepared by thus method have also been reported 8 The source
of thromboplastin used m prepaning this thrombm 1s not recorded

There are as well several reports of fallow up studies on fractions to
which sterilizing techniques have been appled

The fibrinogen of Janeway s tabul had no I b
applied to 1t Subsequent fibrinogen prepared by the Massachusetts Bio-
louical Laboratory was treated with 2 per cent nstrogen mustard then
refractionated to remosve the fibrinogen from the chemical and sts break
down products 2 Both Janeway ™ and Diamond ° have reported the
use of this treated fibrinogen without hnown fection with hepa
titis No precise figures have been gnen Dr Anderson has reporced
here on the use of fibrinogen which has been irradiated with uleraviolet
hghe

In summary 1t 15 evident thar the rsh of hepatitis transmission 1S
greath muinimized by the use of cold ethanol plasma fractions with the
exception of Traction 1 to which no stenbzing techmque has been ap-
plied Nevertheless both dircct and mdirect evidence suggests that no
fraction prepared from pooled plasta by amy techmque examined can
be presumed to be free from the virus of homologous serum hepantis
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unless shown 10 be so by volunteer studies or by application of an effec
tive sterhzing technque

Of ali the fractions examined critcally only Fracton IT gamma
globultn prepared by cold ethanol Methods 6 and ¢ and probably the
gamma globulin produced by Nitschmann s modification of cold echanol
Method 10 can be presumed to be free of virus contammaton without
specific stenhzation The observation does not extend to all gamma
globuln since certainly that produced In zinc Method 12 and to 2 much
smaller extent, that produced by the hehwick ether procedure hne
brought about hepstitss infection when prepared from hnown icterooenic
plasma

Wiere there an explanation of this currous fact, clves of value for 2p
pheation to the preparation of other fractions would be provided Al
though the data of Hiump! Spizizen and Pennell clearly show the cold
cthanol procedure to destroy more of the laborators viruses studied than
docs the zinc fractioniting procedure contact with ethanol cannot be
the enure answer Albumin produced by the cold ethanol methods 15
longer 1n contact with higher concentrations of cthanol than s the
gamma globuhn without destroving the last trace of hepatitss virus 1n
Murray s studv  Viruses generally are less stable ac low pH vermsm
albumin preparation that such low pH values are encountered rather
than i gamma globulin production In the Natonal Institutes of Health
volunceer studies hepatitis mfection occurred followng both cold
ethanol albumin and Method 12 gamma globulmn mjected mtrayenoush
whereas cold ethanol albumin given intramuscularly and cold ethmel
gamma globulin when gnen subcutancously faled to produce hepatitts
It 1s just possible that the fact that gamma globulin 1s never used ntra
venoushy mav pliy a part m sts record of safety However even though
the route of admmistration may be of some cansequence when only
traces of virus are present there 1s ample evidence thar subcutaneous of
sntramuscular injeciion can produce the diseise when the moculum 15
ample

There thus appears to be no reads explanation of the freedom of cold
ethanol gamma globul from the virus

Plasma fractions also have definite advantage over whole plisma m
the appheation of stabihzing and sterilizing techniques Whole plasma
for evample cannot be heated for 10 hours at 60 C without coagulz
won VWith the separated fraction one can select and adjust the stabihzing
agent and the stenlizing technique to the fractton at hand without ref
erence to the effect on other plasnm proteins

Ve are maling intensne studies of this nature n our own laboratory
Sumilar work 1s beng pursued mn the laboratory of Dr L L. Stron, at
Larlham College the laboratories of the Michigan Department of Pubhc
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Health and 1n the laboratories of several pharmaceutical firms In addi
t1on to albumun 1 1ts various forms beta metal binding globulin grmma
globulin and plasmmogen can now be heated successfully for 10 hours
at 6o C. It appears likely that plasmin and ceruloplasmin can be added
to this st Ths 15 the sterilizing technique most readilv acceptable since
1t has never been shown to have faled Certamly many other techniques
will reduce and probably prevent the hazard of hepatitis transmission
by plasma fractions

"These techniques have for the moment less certanty n that they may
have been shown to fail under certam condittons or they may never
hae been proven by volunteer studies after apphcation to nfected
phsma Nevertheless the follow up studies or studies with laboratory
viruses suggest that mitrogen mustard beta propiolactone ultraviolet
wrradiation and cathode rav rrradiavon stagly or n a combmation ma)
be effectively applied to the stenlizanion of plasma fractions
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The Effect of Heatung for Ten Hours at
60° C on the Optucal Density, Electrophoretic
Distribusion and Ultracentrifuge Patterns
of Human Plasna Protemn Solutions

DWIGHT J MULFORD PuD and
EDWARD H MEALEY

(Tavrence hansss)

Several methads for destron ing the vavus of serom hepatius have heen
suggesred  Among them are treatments usng ultraviolet, hugh energy
eathode rms heat beta propolactone mtrogen mustard and long rerm
storage at room mp Informaton p the effects of these
miethods on plasma and plasma proteins has net been exensne I it were
¢ tablished that exch af the methods of treatment »s effectne tn destroy
ing the virus then it would still be neeassary to know whar changes oceur
i the plasm ospecuath i the plunn proten components when each
method 1 wed s n phsma

e trise stuched the effect of 1o haurs heting at 6o € on the clectrn
pharesis 3nd vitra centrifuge pateerns an {on the opnical densiny of plasma
protem solutions The present report represens such a study on solu
tans prepared by two difterent methads In ath methods cold ethanol
water mixtyres (Cohn <7 o) were wed ta reniose certan of the un
stable plasma protem from plasma

Al minms o Pridaration

figure » shons the Method A procedure Normat tuman 3CD plasma
furmshe § b the Smerncan Natons Rad Cross was brought to 8 per
cent cthanal plt x= e omc srenmth o ody and temperature
+ =05 € Fracnon ! contains mose of the fbnnezen preaginated

The supernatant thud followang the rencinal of ¥ racoon § by cenrnfy
€att o was brought 10 25 per cent ethae b pH 68~ vo  1ome strengrth
viz wod tewperature ~¢ G Fracnion 3 + HI contains aft the gamma
globubn precpuated

n
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Plasma

Tthanol 11 per cent

pH 69 £ 005
r/2=013
Temperature 005 C
1
Supernatane Aud Fraction T
Dried and reconsttuted

Ficere 2 Method S

of the solutions at 550 mu as measured tn the Coleman Jr Spectropho
tometer Solutions prepared by Alethod A had an average optical density
of 019 before heating and o oo after heaung  Soluttons prepared by
Method S had an average opuical density of o365 before heating and
0473 after heating The difference n mual optical densitv and the
extent of the optical density change m the Aethod S solutions as com
pared to the A solutions may be pactially explamed by the difference m
Protein concentration Method A solutions were 2pprouimatels 3 3 per
cent 1n protemn and Method S solutions were 4 9 per cent 1n protemn In
a separate experiment Method A solutions at 5 6 and 7 per cent proten
were heated for 1o hours ar 60 C Optical densitv changes of these
solutions following the heating, amounted to only oor 003 and 0035
respectively The optical denstties before heating were 0175 o 11 and
0245 respectrvely

L1 FCTROE HORFSIS

Figure 3 shows the effcct of 10 hours heating at 60 C on the electro-
phoretic patterns of both the Method A and Method S solutions as ob-
tamed i the Rlete electrophorests apparatus by \iss Helen Samarar of
Pieman Moore Company Zionsville Indiana Method A solutions were
not changed apprecuably (A upper and lower pictures) Before heaung
they were 8 per cont albummn 13 per cent n alpha globuln and 4 per
cent 1n beta globulin - After hetnng for 10 hours at 60 C they were
83 per cent 1 albumin 13 per cent m atpha plobulin and 4 per cent i
bet1 globulin

The proten distribution 1n the Method S solutions (S upper picrurc)
before heating was 66 per cent albumim o per cent alpht globulin, 4 4
per cent bera globulin and 8§ 4 per cent gamma globuln Some of the
Preparations contamed 1 small amount of hbrmocen abo Heaunsg for
to hours at 60 C. resulted 1 an increase i the alpha component and a
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Plasma

T'thanol 8 per cent
pli72£02
m/2=014
Temperaturc 005 C.

Supernarant fiued Fracuon I
Fehanol 2§ per cent

pll = 68005

/z=012

Temperature ~5°C

[ |
Supernatant flud Fracuon 11+ 11

Dried and reconstiruted
ticure | Method A

The supernnt flud following centnifugation was filtered through sten
lizing pads dried from the frozen state reconsticuted to plisaa yolumeand
filtered through stenle filter pads

Tigure  shows the Mcthod S procedure Plasma was brought to 11 per
cent cthanol pH 69 = 0 10n1c strength ¢ 13 and tempertture 00§
The precipitate contaned 41l of the fibrinagen and some of the alpha and
bera globulins which normalls occur 1 Fraction I + I

The supernatant flud followmg centrfugaton was fileered through
sterihizing pads dnied from the frozen state rcconstituted to plism
volume and filtered through sterile filter pads

OrricaL DrasiTy
Each solution was heated in 2 water bath for 10 hours 1t 60° C Table 1
shows the effect of heitng for to hours at 6o C on the optical density

Tastr 1

THI FFFTCT OF HIATING THE PI ASMA PROTLIN
SOLUTIONS JOR to 1HOURS AT 60 C ON THL
OPTICAL DINSITY AT 550 ma

Protem Optical Densiry Chmge m
Method Concentrton Unlerte ] Hened Opticdl Deneaty
Due to Heating
A 34 per cent 0192 0200 0008
S 49 per cent 0345 0473 0108
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Plasma

1thanol 11 per cent
pll 69005
C/2=013
Temperature 00 5°C

)
Supernatant flud Frachon 1

Dried and reconstrtuted

Tictre 2 Mcthod S

of the solutions at §s0 mu as measured i the Coleman Jr Spectropho
tometer Solutions prepared by Method A had an average opucal density
of 019 before heating and o 200 after heating Solutions prepared by
Method S had 2n average opnical densttv of o 365 before heating and
0473 after heatng The difference n mmal opucal density and the
evtent of the aptical density change 1n the Method S solunions as com
Pired to the A solutions may be parmaly explamed by the difference n
Pprotein concentranon Mcthod A soluttons were approumatels 3 4 per
cent 1n protein and Method S solutions were 4 9 per cent in protein In
2 separate experiment VMethod A solutions at 5§ 6 and 7 per cent protem
were heated for 10 hours at 60 C Optictl densits changes of these
solutions follow ing the heating amounted to onhy ool oo3 and oo3s
respectinely  The optical densities before heating were 0 175 0211 and
01245 respectively

TLICTROPHORESIS

Figure 3 shows the effcet of 1o hours heating at 6o C on the clectro
phoretic patterns of both the Method A and Method S solutions as ob
tamed 1n the Rlett electrophoresis apparatus by Atiss Helen Samara of
Pitman Moore Company  Zionswille Indiana Method A solutions were
not changed apprectably (A upper and lower pictures) Beforc heatimg
they were 82 per cent albumin 13 per cent 1n alpha globulm and 5 per
cent n beta globulin After heating for 10 hours at 60 C they were
83 per cent in zlbumin 13 per cent 11 alpha globulin and 4 per cent i
beta globulin

The protein diseribution 1n the Method S solutions (S upper picture)
before heating was 66 per cent albumin 20 per cent alpha globulm 44
per cent beta globulm and 8 4 per cent gamma globulin Some of the
Preparations contamed 1 small amount of fibrinogen also Heatng for
to hours at 60 C resulted m an ncreise n the alpha component and a
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U h oted

Heoted

P e

A 5

Fracton tio Method

Fievre 3 The electrophorctic diagrams of the plasma protein solutions

decrease 1 the atbunun component (S lower picture) The beta and
gamma globulin components were decreased also

ULTRACINTRIFUGE

Heated and unheated samples as prepared by Methods A and § were
run at the same time 1 the Spinco Model T Ultracentnifuge using both
cells of the rotor Tach solution at 1 per cent protein was run at full speed
of 9 700 rpm for ¢o to roo nunutes and picrures were talenatz § 10
20 30 40 5o 80 and go munutes after fult speed of the rotor had been
attamned  As the rotor approached full speed prerures were tahen also
at 45 0ao rpm and 57 ono rpm Figure 4 shous the effeet of heatng the
plasma protein solutions for 1o hours at 60 C on the ultracentrifuge
diagrams

The pictures were tahen at o-5  o~j0 and 8o-go munutes after the
rotor had reached full spced The upper diagrams m cach picture repre
sent the solation heated for 10 hours at 6o C and the lower dugram
the unheated control solation

A very fast moving heterogeneous component appeared mn both of the
soluttons heated for 10 hours at 60 C a the rotor neared full speed Vers
Ittle © as seen 1n the unheted solutions (arrow o-5 mmute picrures
A and S) The unhcated solutions had a small amount of 2 fairly homo~
geacows material which appeared i the diagrams after the very fast
mosing companent of the heated solurtons had diszppeared (arrow 20~
30 mnute piceures A and 9)
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Figuse 4 The uleracentrifugal sedimentation diagrams of the plasma protein
solutions

Tater i the run another component appeared 1 both the heated and
unheated samples of the Method S soluttons (arrow  8o-go munute pic
ture 8) This P was hardly fe m the Method A solu
tions

The effect of 10 hours hetting at 60 C on the main component of
bath the A and S sofutsons 15 shown n Figure 3 The greatest effect was
shown by the S solunons The mam component m the S solutions was
markedl\ fess than that of the unheated S solunons The mamn component
n the heated A solutions was only shehthy less than that of the vn
feated A solutions The area calculitions of the man comp wment of each
of the heated and unheated A and S soluuons show that heating the
A solutions reduced the mam component area by not mor¢ than 10 per
cent while heating the $ soluttons reduced the mam component area by
almost 3o per cent

AnTierNIC PROPFRTIES
Tn some prelsminars work Miss | eshe Wetterlow of the Massachusctes
Department of Public Health has studied the effect of heanng plasma
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protein solutions at 60° C for 10 hours on their antigenic acuvity agunst
horse serum by penimmune to normal human plasma In this study the
Ouchterloms double diffusion into agar techmque was used Normal
human plasma consistenthy gave eighe lines Unheated plasma protan
solutions as prepared by Method A gave 6 or 7 Imes and heated plasma
protem solutions gave only  or 3 hnes
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Dinnmishing the Risk of Hepatitis
111 Blood Bank Workers

SAM T GIBSON MD \MADGE L CROUCH RN
and LCLONARD L TAYLOR

(Washinton DC)

The concept of virus hepanius as an occupational hazard 15 2 develop
ment of the present decide although a few references occur in the Litera
ture prior to rgso The earliest available ss that of INndlay Dunlop and
Brown ! which reports what was apparenth the spontaneous infection
of 2 laboratory worker with infective hepatits 1 1931 This worher
had been handhing serums from panents with mfectious hepatitis Similar
reports zppear n the Brish terarure n 1943 and 1943° In the latter
year similar cases were reported by Srwyer and assocites * i reviewing
the problem of jaundice 1 army f 1 resulting from 4
vellow fever vaceme

The rapid growth of blood banks and the wcreasms; amount of blood
collected follow ing World Var 11 led to the deselopment of bload bank
work as a specialty and with this the creation of a group of people who
1n the course of their occupation were exposed contimuously day after dav
to the handling of blaod or plasma thus providing a fac greater chance for
contamination 1f such cxsted than would be encountered 1 the usual
medical and paramedscal pracuces In 1949 Lebowitz and others  re
ported a case of virus hepattss 1n a blood bank worker W fuch probably
resulted from an accidental prich of her finger with needles contamnated
with blood contatung the hepaniis virus This was the furst case thas was
considered an industrial hazard and was industrially compensated

In the following vear huh and Ward® reviened the lterature on
occupationa] virus hepatiss and reported 7 cases of viras hepatitss m
Lboratory employees who were presumibly evposed to a source of mn
fection at work All were emploved m the Cutter Laboratories and
handled whole blood plawma and plisma denvatves Thev ranged mn
age from 23 to 39 and the 1llnesses occurred 1n the period December 1946
0 July 1949 The c1se rate of hepatins during this period was con
siderably Iugher 1n the laboratory than m the surrounding community
It was concluded that the handling of potentially contamnated blood
or blood products was the source of mfection etther through cuts or

317
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abrasions 1n the shin or by the orophary ngeal route To present a recur
rence of this condition they advised against contact with blood aither
through the weanng of gloves or by mmmediare washing of hands follow
mg exposure In addiion workers required by the nature of ther em
plovment to worh with blood and ats products have recened periodic
prophi lactic mjections of 1mmune scrum globulin since that date Ac
cording to Dr 1V ard 7 there has not bieen a recurrence in the past six years
In 195t Trumbulland Greiner * reported 16 cases of hepatius in medieal
or paramedicil personnel Only 3 however were blood bank workers
Since 1nauguration of the present Red Cross Blood Program i 1948
66 regional centers have been 1n operation at one time or another Cur
renthy therc are 49 From Januarv 1948 through June 30 1956 these 68
centers collected over 16 800 0oo bottles of blood More than j600 df
ferent employecs have worked 1n this program dunng the same penod
If the collection testmg and distribution of blood presents a hazard to
the workers 1t would scem that cases of hepatins would have been ob
served 1 such a large group of people during, an eight year period Al
though this had been suspected for some ume the present meenng pro-
vided the sumulus for investigating the actual number of cases
Accordingly centers now 1n operation were queried and the personnel
records examined from ll centers no longer i operation to leam the
dentiey of employees who had had 1 diagnosis of hepanus of am hind
since their employ ment by the Red Cross Blaod Progrim or withm si¢
months of discharge Twenty cases were reported VWhen those persons
who had had no contact with blood 1 anmv way and those who were
taken 1l within three weeks of emplos ment were elummated there r¢
mamed 1 cases to be reviewed 8 nurses and 4 laboratory techmcins
These figures should be compared with the total number of employees
in these categories nurses jo6o techmcians 755 Of these cases § re
cened workmens compensation and 2 were refused The 12 cases were
observed m the period February 1949 to January 1956 however 8 of
them occurred 1n 1939-195 2 1954 and only 1 each mn 195§ and
1956 Are these dates sigmficant®
Although these figures have onh recently been acquired the super
visory staff of the Red Cross Blood Program has been aware of this po
tential problem and has continually worked to reduce the posstbility of
exposure to contammated matenal VWhen the program was engnaly
set up 1 1948 the blood collecting sets were prepared by personnel of
the blood center Thev consisted of reusable needles and rubber tubing
These sets were cleaned processed and sterilized by the nurses at the
blood center Ongtnally autormnic finger lancets were employed to test
donors hemoglobin These were larer replaced by reusable needles and
blades Syringes of procame for multiple injection were emploved with
a different needle used for each donor
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Beginning n 1950 a concerted effort was made to develop as much
disposable equpment as possible particularly those ttems that came m
contact with blood From the beginning disposable one ume use bottles
commercially prepared were used 1n all but one center VWath the onset
of the horean YVar 1n 1950 the reusable blood bottle was abandoned and
all centers converted to vacuum disposable blood collection bottles At
the same time the first plastic tubing disposable donor sets were pur
chased Eventvallv the present small lumen donor set completely dis
posable was developed m collat with the £ ers of this
equipment In the past two vears we have attempted to procure a donor
set with an acrached disposable clamp to munimize handing of the used
set by the venesectionist once the bortle of blood has been collected and
the set removed from the bottle and the donors arm With the avail
ability of several models of donor sets equipped with completely dis
posable attached clamps there 1s hittle opportunity for the phlebotomist
to contzminate her hands with blood from a used donor set

In 1951 when blood bamks were first required to use ndidually
sterilized hemoglobin lancets needles and svringes for procame admmn
stration disposable substitutes were developed Triangular upped hbrary
pmns were tried first but were not found to be consistently sharp for use
s lancets Taking advantage of the well established pracnice of talung
steel pen points breaking off one b and usmg the other pomt for a
lancet the staff approached a pen manufacturer m the spring of 1951
and 1n collaboration with hum developed a disposable hemoglobin lancet
which consisted of the steel blank from which a pen pomt 1s manufac
tured but stamped out with onlv one mb and not bent to the contour
of the pen staff These were prepared for the program for a year or 5o
until disposable stamless steel hinger lancets of other design were avail
able commercially For the past two years all centers have been required
to discard the finger lancet mmedratelv upon its use to obtam blood for
the hemoglobin test of a prospective donor This requirement accom
phishes two things 1t guarantees that each donors finger will be stuck
by 2 finger lancet that has never been used to obtam blood before sec
ondly 1t elimmnates the necessity of exposing central supph room person
nel to the hazasd of cleaning bloody lancets The small price of the lancet
makes such a practice economically feasible

Again m collaboration with manufacturers several designs of dis
posable procame contamers with atrached needles were developed to
ehminate the necessity of using ndividually stenlized syringes and
needles Actually with the development of the disposable donor set the
need for procame has contmually dimmished so that i 1955196 less
then 6 per cent of the 2 0o 0oo bottles of blood obtamed by the pro
gram 1n twelve months were collected with procame When procame
1s required a small plastic tube containng o4 ml of procamne with an
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ateached needle 15 used and discarded Almosc all wems used to collect
a bortle of blaod are now drspasable

With the exception of one case in January 1956 there have beea no
cases of hepatitis of any hind reported m our nursing personnel since
Julby 19,

The problem i the laboratory 1s another matter All specimens for
identifving the blood are collected in evacuated tubes and come to the
laboratory with stoppers in plice Tt 1s necessary to remos ¢ these stoppers
before tesung the blood To date no chinges 1n equipment deston hise
been suggested that have made 1¢ possible to eltmmate thus step Strict
attention to cuts abrastons and hangnads on the hands and good staff dis
cipline are the onls methods of prophs lovis at present 33 alable

In the Jaboratory two other duttcs present 1 potentiil hazard The first
15 clewmng ghssware The emplosment of automatie hboratory ghss
v ashers reduces the hindhng of dirts equipment Twents of the 40
centers now have this equipment installed V% here washing by hand 15
necessary b 15 mststed that rubber gloves be used

The second potential source of exposure 15 1t the disposit of red cell
mass On an 1verige — throughout the program—3  per cent of che
bload callected 1 etther outdated ar atherw tse not used as whole blood
This s salvaged The plasm 1s separated by the Itboratory staff 1n eich
blood center pooled i hter bottles and shipped to commercial fric
tionatton laboratories for the preparation of 1lbumm gammn globuba.
and fibrinoen Annulls more thin o ana bottles of blood are salvaged
m this fashion It 15 necessary to dispose of the unustble red cell residae
following the remotal of plasm1 Tor public rdattons and swweary 5¢d
sons the bottles contaning the blood cell mass cannot be pliced on the
ity dump Alost centers must temone the rabher stopper empts the ceil
mass rmse out the botdle and crush 1t or destrov the label Thrs » 3
tedious and time consummg tas! and presents the possibiies of mu
tn particles of broken glass and potential contamination of the hands th
the blood cells

One addinonal step 15 followed i artempting to reduce the hazard o
blood bank workers Thrs step scrics a double purpose i that it should
also reduce the number af wfected bloods uawtetngly distributed for
transfusion purposes For the past four years the Red Cross Blood Pro
gram has escluded as prospectne donors of whole blood alt persons
gsing a history of viral hepatitis 2t anv nme 1n their hfe or hwving had
ntimate contact with hepatitis cases mn the preceding six months To ab
cun same 1dea as to the number of people elmunated by this method
figures for the two u eeh period begmmng March 3 rgy werc pro-
cured from Red Cross blood collection and processing centers 1 59
regons then n operatson throughout the country ® Durmg that penod
199 820 persons came to gue danations of bload Of these 171 per cent
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reported 2 past histors of jaundice and o 3 per cent an exposure to
jaundice within six months the total rejection rate for these two reasons
was 194 per cent compared with an aggregate rate of 146 per cent for
all medical reasons 1n the same period

Although this elminanon 15 1n accordance with requirements of the
Nattonal Institutes of Health Division of Biologies Stindards some doubt
custs as to how cffectine this method of sereenng by history 1s It does
not ehminte the two groups of donors most hikely to transnut hepatitis
(1) carners who according to most studies are unaware of previous
chmeal infection and (2) persons m the incubation phase a week or
more before observing climcal svmptoms of the disease and who appear
to be healthy at the time of donation The exclusion of persons with an
intimate evposure to hepatitss in the preceding six months rests on firmer
grounds

Suanaarsy

From January 1948 through June 1956 the Red Cross Blood Program
procured over 168conao bottles of blood collected by 1 total staff of
approumately 7600 people 3800 of whom have been nurses and labora
tory techmcians During this period only 20 emplos ees were reported to
hate had hepatitis In not more than 12 could 1t be assumed that the
disease mught hive been related to the occupational hazard Five of these
cases obtamed workmen s compensation

Prophs lavis agamst this potential occupational hazard has consisted
chiefly of (1) stnice staff discipline to dummish contact with blood and
() the development of single use disposable blood collection equipment
Which 15 destroyed by ncnerauon Further work s needed to improve
the laboratory methods of handling specimens washing glassware and
disposing of unused red blood cells

It 15 doubtful whether the elimmation from donating whole blood of
persons with a tustory of hepatitss 1s reduang the hazard of transous
sion smce 1t faily to exclude carriers and persons m the mcubanon phase
of the disease Exclusion for sit months of persons with an intimate
e¥posure to hepatitis 15 desirable The occurrence of hepatius m employ
¢¢s of the Red Cross Blood Program has heen granfyingly low However
this 15 1o cause for relavation of standards
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DESIGNATED DISCUSSION

Josepnt Stoxes Jr \ID (Philadelphin Pennsylbvama) 1 want to men
tion an additional method of obtaming and preserving plasma Together
with AMiss Smolens Dr VMcGee and Dr Hunter we have been obtaning
plasma by plasmapheresis m the same person brweekly over a peniod of
one vear by means of the ADL Cohn Blood Fractionator This represents
an excellent method of obtaming hypermmune plasma of serum 1ve
have done this on 3 ndividuals 4 of whom had been previoushy hvper
mmmumized The other 19 have been members of the Philadelphia parl
police —1n other words they were healthy indisiduals

At least 3 indiiduals can be plasmapheresed by this method per hour
The cartridges can be autoclaved while completing one plasmapheresis
the second one can be started The head of the centnfuge s siliconed
and all tubing 1s plastic tubing The blood cells are returned to the donor
within approvimately twenty munutes The cell cone needle 15 kept
the donor continuously and durmg the period that the red cells are being
separated by the centnifuge salne 1s continuously 1nfused mto the donor s
vessels and there 15 no necessity of changing the needle on this account

The advantages of course are that this system 1s 2 completelv stenle
svstem We have now performed 8oo of these plasmaphereses biveehly
1n these 23 sndividuals and have had no reaction The antibodies actualhy
have staved up to a hugh level which they would not have done m the
4 by permmunized indnviduals unless their plasmapheresis had been car
ned out continuoush according to our previous experience

So this mav represent or certamly suggests that it represents a tvpe
of what we might call an immunostatic relationshup 1n the body whereby
the antibodies are hept at a high level by repeated plasmapheress

The single plasmas that are abtained 1n the plastic bag can be tested
eastly for stenhty by means of plastic tubmg on one side of the bag
This can be sealed off at regular mtervals if one wishes by a dielectnc
seal and thereby the plisma can be tested for stenhty or for other pur
poses without entering the rest of the plasma in the bag

On the other side the bag of plastic tubing extends to a needle and the
phstic bag can be Lept continuously at room temperature over a long
perod of time 1n the manner Dr Allen mentioned this morming Tt 15
material that has had the calcium exchanged for sodm by sulfonated
resin and has no acid cierate dextrose (ACD) solution added

With the single plasmas 1t 15 as free from hepautis virus B as the
single whole blood If one wishes to t pe this plasma for mjection 1nto a
;Clxgcnt 1t 15 entirely possible to do so just as one does with whole

oo

Over a penod of ume there has been the opportunity of testing the
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sterihty and the plasmt in such a wav that we can determune whether
there are any alterations 1 the clectrophoretic pattern We have not
proceeded far enoueh to know whether this c1n be preserved over a lone
period of ume but over shore penods there have been no changes which
are deletertous and which would prevent mfuston of this into reciprents

1 dunk the other methods that of using hy perimmune plasma perhaps
the exchange of infeeted plasma or plasma that has such maternh as borc
1exd from poisoming, or salies late possontng may be of more miportance
thin the preservation of plasma wself Tt may be mentioned that if one
cilculates on a single fractionitor using a frictonator 1bout 1 hours
adn over 365 davs in the yvear 14000 umits of phsmt cin be obtaned
quite readilh by means of this one michine So 1t does represent the
possibiliny of getting large quantnies of plisma under sterile conditions,
and single plismas probably without hepatiis virus f held at room
temperature

GIENLCRAI DISCUSSION

Jaurs W Mostey MD (Athnta Georga) 1 would like to make one
comment about the selection of blood donors

Dr Irwin A Schafer and I studied endermc hepatiis which was occur
ring m a penal institution i one of the southeastern states From the
epideniologic evidence 1t became apparcat that most of the cases were
probably serum hepatiss rather than mfectious hepatitis and that the
principal mode of transmession was 1llicit use of drugs by the p’lren(ﬂ'ﬂ[
route Poor technique in giung injections for medical and dental pro
cedures and dlicit tattooing were also factors

The mnstitution ws used by 1 volunteer blood agency for the collection
of 60 to oo pints of blood every six weel's We felt that in such an m
stitution the collection of blood posed a particulic danger

We would Iike to suggest that when 1 penml or similte institution 18
used blood donors should be vers naidlv screened for the stigmta of
needle use and that when hepatiois 1s occurring i such 1n insticution 1ts
use as a donor source of blood should be carcfulls weighed agamst the
possible nsh

Haxs F Suerana M D (Delby Inda) This may have nothmg to do
actually with this morming s discussion but the term  hepatiis  occurs
agan and agan 1 conjunction also with hepantis with jaundice and
hepatitis without jaundice For myv own mformation and for the informa
tion of several of the pathologists whom I Inow perhaps 1t would be
well to tell how this diagnosis 1s made as to whether there 1s mfectious
hepattis or just plam hepatitts or mmaginary hepantis or evactly what

1s meant
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Ultraviolet Radation

JOSFPH STOKES Jr MD
(Philadelphia  Pennst lvana)

Because I was assigned the topic of ultraviolet radation rather than
choostng 1t and also i view of 1ts mtroductory position on this part of
the program 1t would seem appropriate to trace briefly the earhier history
of 1ts use n the treatment of plasma and serum for purposes of sterliza
non and finally to state our own tentatine posmion with respect to s
value 1n 2 combined method of treatment

It became clear to many m England and 1n the United States quite
early 1 World War 1I that pooled plasma was responsible for the
relacsely high rates of serum hepatitis (hepatius B) 1 the casualties from
all theaters who were transfused with this pooled bload fraction Whole
blood m certnn theaters such as the Mediterranean when 1t was ob
tamed from men 1n that area apparenthy increased the rate of viral hepa
titts considerably above that caused by pooled plasma alone This was
probably because of the relatnelv fugh incidence of epidemic hepatitis
and therefore blood borne virus among the men who were donating the
blood during the incubation period or early phases of their disease which
n many cases was inapparent or subclucal However in general the
rate of hepatitis m those recening whole blood alone has been approx
tmately o5 to 10 per cent tn accordance with the carmer rate of the
population of the United Stares

Our demonstranion together with Dr Edwm Cohn s group i Boston
that the albumin from ethanol fractionation particnlatly when heated to
6o C for 10 hours would not cause hepatiss {(B) and its acceptance
by the United States Navy permitted a chance study 1n which casualties
tn the navy and marines were recenving nomunfectss € ntray enous infustons
of albumin v hile the casualties m the army were recening pooled plasma
Because of the size of personnel and of required supplies 1n the armv its
problems were far more complex and difficult to solve than were those
ot the other services The differcnce 1n rates of hepatiis among the
casualties m these services who recened these two blood products were
particularly stniking n Rorea at the ume of the Yalu River offensne m
Which the marines as well as the armv parncipated The more recent
demonstranon by Murrav and hus associates has even more clearly shown

321
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this field An addittonal direct method of radution deseloped by Sharp
and Dohme uses a thin film of phisma or serum spread evenls over the
outer surface of a drum w hich rotates nto and picks up the bloed fraction
mamtamed at a constant level n a pan beneath, The ultraviolet source at
a controlled distance and energy owput radiates the plisma or serum
from zbove the drum Exven were I well versed in therr physical properties
time would not permit a deruled discussion of the \anous apparatus devel
oped for this purpose

Oliphant and his group first used ultraviolet radunon with accurate
measurement for sterihzation of plisma and Liter were able to determine
more accurately the energy apphed to the plasma even though the vessel
used was a go m! round bottom flas] of transparent fused quartz in which
only about 16 ml of serum was radiated Thev used Aerobrcter acro
genes o control the stenibzing effece of radution Oliphants studies
under farrh well standardized conditions and in which solunteers nere
used for the first time suzgested that plasma and serum nughe be sterihzed
by this means

The avalabilies of the Habel Sockrider apparatus which permutted
radiation under farly well standardized condiions led us alo to fest
the usefulness of such radiation in known mfective serum with the in
1ection both of control and treated barches of serum into volunteers The
11 volunteers who recenved 7 mt of srradiated serum had no evidence
of hepatins while of the 15 controls 47 per cent showed evtdence of
hepatiis — three with jaundice In this studs  reported together with
Blanchard Hampil Veade and Spuzizen Olphants cautious statements
were agam emphasized Ve wrote  Oliphant pointed out that the
factors of tter of the icterogemic agent and the dose of scrum given coald
possibly have 2n influence on the tcterogersc capacity  of irradmsed
material Both tn his experiments and m the present one there was no
possibility of determiing the mportance of these factors  In retrospect
those words of caution could well have been wntten in red lecters It
would have been preferable to have placed this last sentence of our dis
cusston n the summary of the piper smce with so few volunteers aval
able these and Oliphant s studics were the only ones upon Which decisions
concerning use of blaod fractions could be made Dr Murray and his
group later demonstrated these g factors of uter of hepatius B
virus and the amount of the transfusion tn more extensie studies with a
much larger group of volunteers on the value of uleravioler radanon
of known infectne plsma The tter of vires and the amount of the
transfusion apparently hid much to do with the lack of sterilization by
the radition v ed In fus studics with otration of the infectne plasma
with mjecton of larger amounts and with more accurdte measurement
of radiation stenlizanton was not obtamed although there occurred an



328 Frecention— Chomeal and Physical Agents

that virus B 1s not present in the albumin obtaned by the echanol
fractionation method

I'rom the begimning of the war albumin cliefls as 1 2 per cent solution
was an excellent nonmfecrine blood substitute daring the relatvely shore
peniod that first aid to casualties was required Whole blood could be
adminustered a lietle later In these few houts the oncotic pressure 1 the
urgent requirement rather than the other blood protemns m pooled
plasma until whole blood 15 available The evpense and relanne waste
fulness of producing albumin 1s of Icle significance when compared
with the disabthrs and death plus added expense of the high hepatis
rates among casualues recensmg pooled plasma

The problems are presented thus m their recent historical perspectne
because those who were fullv aware of the safety of albumn and the
increasing dangers of pooled plasma were grasping at any method which
mighe afford greater safets 1o the army In this complex situanion of the
greatest urgency the then recent demonstration of mactryanion of path
ogemc viruses 1 iological flds by means of ultraviolet radiation ap-
peared of far greater immedate hopefulness n prospect than now 10
retrospeet At that time there appeared to be no other agent that afforded
such simplicity of operation and such a possibilits of srerilization m bull

The two pracuical methods which gare grearcst promse of succes
were those devcloped by Oppenhesmer and 1 evinson as reported m 1943
and somew hat Jater by Habel and Sockrider The former worl ers wsed
a high pressure mercury vapor compound of which 1 hgh proportion
of the ultraviolet ravs were of less thain  ooo angstrom umies These 135S
were permitted to transverse a thin walled quartz chamber through
which a thin rbbon of flurd 1 em 1n width and 0 2 mm mn depth passed
the Ihmp  Habel and Socknder later demonstrated that the efficacy of the
Oppenhemmer Levinson method was the result of the thin mature of
the film and not of the tvpe of ultratialet radiation used They wsed 2
different principle whereby the radiatton was direct without mteri emng
quartz A 15 watt low pressure resonance lamp was placed m the centet
of a revolving cyhnder The cs linder was arranged at an angle of 1bout
5 degrees from the horizontal the biologteal fluid to be tretred was per
mutted to enter at one end under a semiclosed system and was rotared
at about 500 to 800 rpm m a thin film on the inner surface of the cylinder
while the lamp irradiated 1t directls as i¢ passed to the lower end of the
twbe This method was lhter modified by these workers tagether with
Dr Bozemsn and Dr Tropp so that a tube 3 inches 1n duameter and 8
inches long was placed at a 15 degree angle from the horzontsl and
the biological materal to be treared was run throuch at the approvimate
rate of 100 ml per munute The present standard Dill apparatus which
was developed from this apparatus 1s known to all who hne worked
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‘TasLe 1
EFFECT OF ULTRAVIOLET IRRADIATION BLCTA-PROPIOLACTONEL

AND THL COMBINATION OF THESE TWO AGENTS IN SLRUM
CONTAMINATED WITH BACTERIOPHAGL

Ongrmal mo

phage prticles —Fhtv ¢ counts per mil serum after treatmens—
per ol serem * Treatment 15 mm dy 2 dys 6 days
1 560 X 10 UV ¢ 990 300 170
2 560 X 108 U\ + BPLY 0 0

3 49X 10t BPL T 10 X 10 49 X 104 30
4 56X 10 Comrol 36X 100 9 Xio*
5 10m of g1 BPLY 0

after UY

200 ml normal hurnan scrum (Seir filkerad) per bortle
1 Ulranalet (UV) apparatus od v 25 sands d Dil machine - Aerogenes contrl was
Ned

com
Hpmp olictone (BPL) 3 Gm por lwer In § BPL added 15 m nutes after UV

TasLe 2

EFFECT OF VARYING AMOUNTS OF BETA-
PROPIOI ACTONL FOLLOWING UI TRAVIOLLT
IRRADIATION IN SLRUM CONTAMINATED
WITH BACTTRIOPHAGL

Liuge counts per i serum

—_—
Smmple  Before LV Afer UV

A 86X 10 10/0
B 943 X 108 340
A and B disaded anto 4 cqual portions as follows
16 hr phie 16 hr phige
BIL m counts per i BPI * counts per mil
G per huer of serum Gt per Iiter of serum
Al 3 o Br 1§ 0
A2 15 0 B2 19 %0
A3 75 0 B3 05 160
At 38 uo B+ O 170

Beta p op lacto < (BP1) dded about 30 mun after Yeravel ¢ sradaton (OV)
Ac ogencs contr 13 5 x 10 was complerely k !led by

Resurts
Table 1 shows that 3 mmute number of virus particles escaped the
effects of uleraviolet irraduation or of beta propiolactone when used
scparately but that when the two methods were employed in sequence
romplete stenfization was effected
One of the major etiticisms concerning the use of chemical agents for
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apparent lengtheming of the incubation period and reduction of the
sevenity of the discase i the volunteers recerving irradsated plasma when
compared with the controls

Once the complex machmery of production of pooled plisma n place
of albumin in the great amouats necessary for the army had swung into
action a crash program for stenlization by anv method howeser mad
equately tested appeared worthy of trial In such trals the increased
pooling greater age of plasma ncreased absorption of ultraviolet energy
and lach of chmination of particles all appeared to contnbute to the
unfasorable results reported both from the armed services and from
civdian expenence

This historical perspective would hardly appear worth recording here
if ultravioler hight did not serve also to ntroduce a combined method
of treatment namely the combined use of ultravsoler Dight and bete
proprolactone which will be discussed later today but which we had a
part in introducing with Dr Smolens

Onenting expeniments showed that either ultravioler treatment of
beta propiolactone resulted n the death of almost all of the micro-
organsms  The problem then would mvolse the mactnation of the
relauvely few microorganisms which surinve the first type of treatment
An anafogy may possibly be found i the field of chemotherapy where
the combination of drugs has been used to combat diseases which
minute numbers of the etiologic agent are refractory to one drug but
succumb to another drug which has a mechamsm of action different
from the first drug It was decided therefore to utilize ultraviolet iIr
raduation to destroy the bulk of virus particles (bacteriophage) added 10
serum followed by beta propiolactone m order to hill the relatively few
survivors This sequence was chosen since it was not hnown whether
ultravsoler rrradiation would have any effects on the betz propiolactone
although the reversal of the sequence might be perfectly satisfactory

MaTertaL anp METHODS

The suspending flurd used i all of the experiments was normal human
serum The serums were Lept frozen until the dav they were to be used
at which time they were thawed and filtered through a Seitz stenlzing
pad and bactenophage was added directly before treatment m order
to give the concentrations shown i Tables 1 and ~ The virus used was
the T,r cohphage furnished through the generosity of Dr § § Cohen

The ultravsolet source was the standard Dill apparatus and the method
recommended by the Nanonal Institutes of Health was employed i
which the rate of flow 15 about 250 ml per minute The beta propiolactone
was suppled through the courtesy of Dr George H Mangun The ereat

ment was carried out at 00m temperature
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Inactivation of the Hepatitis Virus
by Hagh Lnergy Electrons*

JOHN G TRUMP DSc and RENNCTH A WRIGHT MS
(Cambridge  VMassachusetts)

All forms of iomzing energs  whether ultraviolet radiation \ or
g3mma ravs high energy electrons photons alpha particles or neutrons
are capable of modifying and in 1dequate dose destroving alt form of
fet In parncular somzing energy 15 ctpable of inactnaung micro
¢rgamsms ncluding the ubiquitous though clusne hepiitis virus The
amount of 10mzing energy for such intctination depend on sev eral factors
the nature of the energy wself the suscepuibihty of the orgamism 1ts con
centratton m the medum and the conditions of irradiation Such irradi
tion m also evert profound effects on the normal constituents of plasma
and whole blood effects which c1n be mimimized by proper selection of
the rvpe of tonizing energs and the conditions under which 1t 15 apphed
Tius dincusston 15 meended to chanfy this preture and to provide 2 basis
for the discrimmatime application of 1onizing energsy for hepatius control

It 15 possible to describe those properties of 1omzing energy which
best serve the purpose of imacunating the hepatius virus and other con
minating organisms w lule presersing the normal constiturents of plasma
and blood Such a enterton thouh elements of it mas sull be debated
vould be helptul m evalusting the present status of plasma srradiation
The critenion should also praperh include the practical and economie
aspects of wrradtton On such a It of destrable or essential properties
we would include the following pornts
(1) The 1omzing energy should be of the type which zceclerates
ectrons within the absorber This eltminates tmmediatels neutrons pro
tons and other nuclear particles which produce densely 1omzed trachs
N s mactination 3 sinele ronzation event—or a ven few —are
suffictent to destrot the orgamsm The electron acceleratng forms of
fonizing encrgy are thus the more efficient 1n the mactn ation of organisms
and correspondingly less hkely to produce adverse effects 1n the bane
mtenal On thys basts the tonization from the hghth 1onized trachs of
“";ﬂ;le =ur: :'slgr:nc(ull chn  lede that mn fll'hc‘ hm\é“cls reporte Idh:{u]n
ot Publc Fealth Ser + & Moo s Heor mmrats aronal insoeacen of Tioahh

1o Nan wf Heart Insurute Natio ute: alt
333
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sterilizatton of plasma or serum ss the possibility of deleterious action on
the prateins With this m mind 1t was thought advsable to determune
the numim1l concentration of beta propiolactone that would be efficactous
The results presented in Table  show agun that small numbers of vins
particles remained viable following ultraviolet irradiation bue that stenlh
zation was obtaned with 15 Gm beta proprolactone per lter of serum
when 1t 15 added after the ultravioler treatment

We are indehted to Professor Alfred Chanutin for the electrophorene
analyses of serum before and after treatmeat w1th the combined therapy
of ultravioler srradnation and 15 Gm of beta proprolactone per Jter
The patterns were wdentical showng no changes mn the serum protems
as determined by this techmque

The results reported here based on a combined method of trearment
of virus mfected serum would appear to be promsing and certamly
worthy of further consideration particularly since the type of ultrz
vtolet apparatus used here ts alceady exeensuels m use throuohout the
United States and since the subsequent step of adding beta propiolactone
1s relstinely simple
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of such equipment 15 generally n the 5o wate to 2 5 klowatt range A
1 ilowatt output can delner assunung a so per cent utilization effi
ciency at Jeast 2 megarads of 1omzing energy to 200 pounds of material
per hour A rad refers to an absorbed energy of oo ergs per gram

The penctration of such eclectrons depends on their energv and the
relanve density of the absorber the mavimum range being about 1o mm
m water for each @ mulhon volts Thus ma matenial of denstty § the
mmmum range R i mull for of V megavolts 15

=5\ /8 (Figure 1)

Th: dose delinered to an absorber depends primanly on the total
number of electrons per square centimerer The effect of raismg the
voltage 1s 10 ncrease proportionately the depth to which the dosc 1s
delivered3 An electron current density of 4 rucroamperes per sq cm
tor 1 second (4 microcoulombs per sq cm ) will delver an average dose
of 1 megarad per gram (10® ergs per gram) throughout a depth equal to
two thirds the masimum electron range The peal dose under these cir
cumstances would be 1 18 megarads and the rmmmum dose o 7 megarads
Since the denaturization of proteins 1s seasitin € to the masimum dose and
the persistence of organusms to the mintmum radiation dose 1t 1s desirble
to minimize the spread 1n these values This can be accomplished by ad

8
T

< Maxmum Dose

«—— Average Dose for
Absorber Thickness R

@
o
T

Minimum Dose for
Absorber Thickness R

o
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Percentage of Maximum lonizoton
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Fletre 1 Tymal dmmbe n £ 4 cld  de uface fan gbacber
rad ated b) Nty o nc hgl\ nergy elecerons aceelerated by 3.0

millt 1 1ol
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secondary electrons produced by \ and gamma rav absorption or by
high energy clectrons 1s preferable Ultraviolet hight consists of photons
of low ntrinsic energy the 2537 angstrom line of the mercury arc cor
responds to a photon energy of about 5 electron volts and tends to be
selectrvely absorbed It 1s stll a low density evater and somzer and not
excluded by this eniterion

(2) The ronizing energy should be capable of penetrating to an ade
quate depth within the absorber so as ta be ndependent of moderate
thickness vartions and inclustons 1t must delner therem an approv
imately umform dose Moreover it should be practical to apph the
lonzing energy to the matenal m the hquid 1 the frozen and m the
lvophilized state This criterton immediately rules out alpha rays and
protons 1t comes close to ruling out ultraviolet which must be apphed
to films less than 1o nucrons thick and which has not vet been applied
to irradiation of sensitnve structures in the frozen state It will later be
shown that irradiation mn erther the lyoptulized or in the frozen stare 15
sirtually imperative of excessine detertoration of the blood components
15 to be avorded \ and gamma ravs and fugh energy electrons clearh
can meet this dual crtenion of irradistion 1n adequate depth and mn any
state — frozen hquid or dry

(3) The 1onizing energy actually absotbed 1 the medum must be
capable of accurate application measurement and control This 15 a5
essential in the research phase of an investigation as 1n the subsequent
radiation processing Although all forms of ronizing energy are capable
in principle of meeting this requirement there exnsts a wide dispanty 1
its practical The relatnve simplicits and accuracy of absorbed
dose measurement and control for \ and ganmmna rays and high energy
electrons are attractive for processing purposes

(4) The 1omzing energy must be available m adequate amount to
process safel and economucally the bulk quanuues mvolsed Most
sources of romzing encrgy appear to meet this criterion yet a wide
range of processing capacity 1s soon apparent For example 2 roco curié
cobalt 6o source of gamma ravs operaung contmuously for over weehs
would process only as much material as a o 5 hlowate electron accelera
tor could irradiate n one hour This comparison 15 a practical one
based on present techniques of gamnm rav and electron utilizaition Lvt
dently 1n the utlization of 1onizing energy 1t 15 desirable to heep 1
mind the processing rates and capacity required both for research and
for bulk quantities

Proprrrirs oF Hicn Fyrrey Crectrons
Streams of high energy electrons  from several tvpes of machine

accelerators are now atailable for radiation processing The output power
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ceed 1nt all directions from the source with a strong preference for the
forward or conunung direction

Virus Inacrivation

In an effort to determme by mterpolation the electron dose required
to mactiiate 2 hogh concentration of the hepatitis virus 15 other viruses
of vanous sizes and radiosensttivities were so irriduated ¢ Among these
were rabes polo mfluenza A herpes vacaina 4 types of encephalitis
mumps and Thetlers virus  Irradiated at dry 1ce temperature 3 viruses
of hugh titer (Lansing strain polo nfluenza and Jap B encephalitis) were
mactivated with doses of 17 megarads § others were mactivated with
doses of 3 3 megarads The remainder were gnen lesser doses and not
completels tnactvated though their reduction in titer clearly suggested
that 3 3 megarads would doso Onls 1 vtrus Theiler sin plasmaac —76 €.
wrradiated to 3 3 megarads was not completely mactriated though Theiler s
n bovine alburmin irradiated at — 78 C. was mactinated by ths dose

Further studies to improve the detail and statisuical valhdiy of this
work on electron nactnation are desirable Most of the viruses were
studied by Vhiss Juha Sulinan and Dr John Lnders 1 Boston seseral by
Dr Wilham Pond and Dr Joseph Smadel ac the Walrer Reed Hospital
m Washington D C.

Viruses hhe bactera and other microorgtmsms are beheved to follow
an exponential law of mactivation with the dose of 1onizing energy The
required nactnvation dose thus depends on the munil uter the dose re
quired to reduce the titer by the factor 2 ¢ or 10 can be calculated from
several measurements Thus the half value dose for snfluenza A 15 120 000
rad for vaccima 1s 180 000 rad

In the case of the hepauts virus general considerations of size and
radiosensittsaty mdicate that high doses will be required Qur expenimental
dat1 suggest that at leasr 3 megarads will be needed to micuvate the con
centrations obtamed from a donor at the peak stage of infecuvity \With
the probability of lower tniual uter in the donor and with the present
pooling procedure a reduction 1n the required dose to 2 5 megarads or
less may be feasible

Irrabiation oF CovipLEx VIATFRIaLs AT Low TENPFRATURE
There now ex: ts abund it exidence that adverse side effects of wradn
tion on complex materials such as plasma and its several constituents can
be tremendously reduced by arradianion at low temperarure Thus while
the icraduation of lhiquid prothrombin and thrombin at o C. with a dose
of 500000 rads virtually destroys their actnny rradution at dry tce
temperature produces only 2 15 per cent reduction 1n actiuiry at  mega
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justing the thickness of the absorber to a smaller fraction of the torsl
electron range T' pical distributions of dose 1n depth for monoenergenc
electrons maident normally on an absorber are shown for v 5 5 and
s megavolt clectrons smpinging on water or umt denwity materal (Fig
ure z)

The track of exch high energy clectron s filled with evcration nd
tonization events which extract encrgy from the pnmary parucle and
produce the ch [ and biol 1 response For hugh energy electrons
about 8 1on pairs ere found on the averige per nucron of path in water
or similar material The 1onrzanon densitv mereases near the end of the
electron track That the tonization dose 1s a mavtmum at about one third
the penetration 1s owing primarth to electron scattering

Although \ ravs are produced by the stopping, of high speed electrons
the efficieney of \ rav production 1s too low to affect substantially the
local electron dose dutribution or to delner 1 stzuficane dose bevond
the clectron range VWith  nullion volt electrons mmpinging on water
less than 1 per cent of the electron energy appears as \ rays These pro-

EFFEGT OF VOLTAGE ON
100 ELECTRON PENETRATION
=% 5OMiltion Volt
8 Electrons
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Penetrotion in Grems per Sq ¢m or
in cms of Unit Density Material
Frote z Penctrauon and dose &strdumon in water or other umt densiy

matenal radiated by 1 5 25 and 50 mlon volt ol cirons These electrens
had first passed through o5 mm. of alumunum scattermg foil and 100 em

of mr
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room temperature There exists conwudersble evidence that the value of
albumun as an extender 1s not imparred by electron doses up to 4 mega
rads 1f the irradiation 1s performed at reduced temperature

Adverse changes by high doses on the more complex components of
plasma are to be expected and have been noted On Fracton I Dr Fred
Johnson of the Cutrer Laboratonies has found that electron doses of 2
megarads administered at drv 1ce temperature produced letle change in
the amount of clottable protemn and tn 1ts solubility with a 1o per cent
reduction m clottable protem at 4 megarads However the clotting nme
was found to be appreciabls increzsed and the qualiry of the clots was
poor Stmilarly red blood cells glyceralized and frozen for irradutton
with high energy electrons developed evidence of damage during a
5 day storage period at scebox temperature in prehmmary studies by Dr
Joseph P O \Malley of Harvard AMedical School and Dr Melun Ketchel
of the Protein Foundation It 15 not unhhely that further work will lead
to methods of protecting agamnst such excessive adserse effects

The combined chemmeal and radution mactivation of viruses has been
evamined recentls 1n co operanon with Dr Joseph P O Malley  at the
time a2 medical student at Harvard 1n associanon with Dr Robert Pen
nell of the Proten Foundation Dr John I Oncley of Harvard Medieal
School and Dr fohn Enders of the Children s \fcdical Center Boston
Massachusetts The combined use of material treated with beea propolae
tone and 1rradiated with hgh energy electrons indicated m a prehimnary
way at Jeast that these two modaliies m1v be used m combinatson for
Inactivation of viruses each to 1ts tolerance level for the matersal (Frgure
3} These studies have mdicated that if the virus titer 1s dropped by
beta propiolacrone alone by a factor of 10° and of the virus titer 1s dropped
by electron 1rr1dution alone by a factor of 10 then the combined use of
the two would gie a drop in titer of 10" Tusther studies are required
t0 confirm thts prebiminary evidence

Electron Dose B 12 Proputuctone* Sumples Treved}
m Megreps Treate 1 Snples only wath Flectrons
o 2% 100 14X 10
0 2 180
04 14 31
06 1 H
07 0 1

Int Ioc of T1ph as 10 per 1
1 tabuccof Tiph ew 14X t0per m!

(Ths tudywa meo-p ¢ nwthDr J 1 OMall yofth H  d Mcd cal chool )
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rads and a 30 per cent reduction at 4 megarads In Dr Wojeths studies
at the Harvard Laborators of Physical Chenustry 2 dose of - megarads
on thrombin frozen 4t drv 1ce temperature reduced its actnics by Jess
than 30 per cent and a dose of 4 megarads dumnnhed the acnun by
shehtly more than 4o per cent

Dr Douglas Surgenor of that hiborators summanzed the sersdinon of
frozen hquid stable plasma proten solutton (SPPS) wriduted w 1th elec
trons to a peak dose of  megarads as follows  frradngon at remperatures
below the freezing pomt of the solution has produced onh barely de
tectable changes in the protens of SPPS both with respect to physical
charactenstics and the specific pratein companents of the solution For
evample no changes were observed m the amn Iase  choline esterase
phosphatase or phsminogen les els follow g, irradiatson (See Figure 3)

Vith albumn studies of ultra jolet absorption spectra turbidity and
viscosity were carned out at clectron doses up to § nregarads with
Iiqud liqud with mhibitos added frozen hquid and b ophihized atbumn
The frozen hquid albumin gave the most fasorable results since subse
quent chtnges with mcubation at 57 C for 4 hours were apparently
Jess than with the other methods Lyephilization changed the ultrassolet
absorption peak appreciably  but miadiation following b ophilizatton dd
not praduce further appreciable chinges These studies were made with
the co operaton of the I T Department of Food Technology and
with Capt L R Newhouser and Dr L Rane of the Chelsea Nmal
Hospital

On plasma srradited with ckerrons to a dose of mevarads by the
research staff of the Upjohn Company only nnnor changes the electro
phoretic patrern with the least change m the albumn peak were seen for
tl e frozen and the Iy ophilized matert1l On the other hand gross changes
were abtamned when the plisma was irradiated even with lesser doses at

Flectran Dore i Alegareps

Semplec Iroment Somples at 70° C
Antil o res i + 3 » 4 f
ants N1TNS 94¢7 66 i, 0% 0%
Coombs Sera a1 9 79 o o O
ant B B9033-1 100 100 100 oo 6+ 16
antu M 7 97 o1 91 3 0 4
Averacof 13
Actibodies 9% 867 B 6365 4575 16%

(in cooperation s th De Robert Sha M3 sach ctts General Ho psal)

Frovge 3 Sur 2l of specific RBC antibodics 1t duated with hugh energy elcctrons
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2 megarads of electrons 1s 2 X 10® ergs per gram This electron dose thus
deltvers 20 nmes the energy that 1s now commonh used mn uleraviolet
radiation processing This energv ratio suggests the probably greater
adequacy of electron mactination This higher dose can be tolerared
because of the abiliey to srradate frozen and ly ophilized material

Suaniary

High energy electrons are capible of inacttvatmg viruses and de
stroyving bactenia

Irradution at dry ice temperature or tn the lyophilized state reduces
adverse effects on complex molecular structures

Four megarads mav be required to mactnate the hepatius virus from
a donor 1 highest state of infectnity Three megarads or less may be
adequate for the normal sitution of infected pooled plasma

The albwmn component of plasma 1s nearly unaffected by high electron
doses delivered to frozen or Iyophilized materal and 1s probably satis
factory as an evtender after such yrradeation

Safety tests on 1rradiated plasma and tissue materals give smpressive
assurance against toxicity.

Machine sources of high energy electrons can process the bulk quan
tiies 1y olved 1n the blood program

The comparatiie nadequicy of ultraviolet radmtion for hepatitis con
trol 1s llustrated both by ats relatneh low delnered energy and uts in
ability to irradince frozen materuls on a pracucal basis

The desirabaliey of further virus iactiation studies with high energy
electrons for the study of protectne measures for the more complex
structures and for erireat expeniments to demonstrate electron tnactiva
tion of hepantis infected plasma 1 emphasized
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Sarrmy Trsts 0N IRRADIATFD MATFRIAL

Substantial if not conclusine evidence has been accumulited which
mdicates thar plsma and other tssie matertal may be wsed with safen
after lugh doscs of electron energy

In co operation with Dr Sidnes Fine of the Beth Israel Hospital 1n
Boston 2 serres of tests on 1 total of s dogs were made m which dog
plasma irradrated m the frozen state with 4 million rads was meroduced
mto normal dogs on the hasis of about 5 cc of srraduared plasma per
kidogram No chnieal response ascribable o itradiation was observed

In other dog studies normal dog blood wis centnfuged and the
plasma was then wraduated at room rempertture by million vol elec
trons to a dose of megarads This was injected mnto nme normal dogs
in the amount of ¢ ml per kilogeam Tlus wjectton was repeated davs
later No side reactions were noted which distinguished the srradiated
material from normal dog phsma

In several cases prothrombm irridited to g megarads by electrons
has been used 1n humans s ncurosurgical procedures without noticeable
adverse effects

In addition to the studies on blood dernatues and viruses worh has
been carried out with over o surgical groups on the stenhzanon of
blood vessels and bone to be used for surgic1l procedures after banking
for extended periods * These procedures i ols e the teradition of frozen
tissue sections to 4 mavtmum dose of  megarads and hundreds of such
trradiated sections have been successfully used

Inrrey ApsorpTios wrTH ULTRAVIOLET AND
werh Frrctron IrransaTiov

It 15 of interest to compare the absorbed encrgy delnyerced to plisma and
other materials under the ty pical conditions of ulerasiolet 1rradiation and
under irradiation by some high energy 1onizer such as \ or gamma 1238
or high energy electrons

The thmn film of plasma — uswally o 1 mm thiel irraduated wich ulera
violet radiatton at ropm temperature — recers es 2 dose of absorbed energy
10 the energy spectrum below 3000 angstroms of about 107 ergs per gram
of materia} This represents thar component of the dehnered spectivm
which contamns virocidal activiey  wich the bulk of it probabhy centered
at the 2§37 angstrom hine of mercurs  This radsation sers es some purpose
1n comparing the absolute absorbed energy with that delnvercd by 2 dose
of 2 megarads of electron energy although 1 exhibits phy steal differences
from high energs ionizers in thar it s selectieely absorbed by certaid
atomic mgredients and in that its Jow quantum energsy (sbout 5 eleceron
volts) restricts 1 effectiveness as an 1omzer The absorbed energy W ith
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Many attempts have been made to devclop methads of stertlizing blood
or 1ts dernatnes without destroy ing their beneficral properues Present
techniques of sterilization ustng heat chemicals and ultraviolet Light al
though satisfactory i some cases mav result in blood or plisma which
1s denatured and unsafe for human use More mmportant howeter plasma
ubjected to conditions considered sufficient for sterilization by chemicals
or ultravsolet light mav sull contun highly resistant pathogens such as
serum hepattis (SH) virus For example Blanchard and his co workers !
have presented evrdence that ultras iolet ravs may be an effecttve method
for mactnatng SH virus n plasma  Although results of their studies
Were impressive numerous papers have appeared since reporting 2 3 4 5 6
cases of hepatutts after the use of ultraviolet irradiated plisma or serum
Moreover ultraviolet irradition does not appear to be applicable ac
present to whole blood which althou,h assocrated with 2 low er incidence
of hepatitis than ponled plasma appears to contribute a sigmificant number
of hepatitis virus mfections 7

Hartman snd his associates ® and Steele ® hve recommended the treat
ment of plasma or blood with nitrogen mustards particularly methy lns
(beta chloroeths 1) amme hydrochlonde It 15 difficult to evaluate this
vork at present since large scale studics have not been undertahen to
determine the possible tovic effects of these agents and the incidence of
serum hepatity following their use Allen and co workers 7 suggest that
Plasma should be stored m the haquid stare without preseriatives at
femperatures of 8o to g6 F for 3 months or longer They consider these
conditions unfay orable for the presenation of virus and mamntam thar
Serum hepatyess 15 rarely cncountered after storage i this manner Others 10

Supported by Grant No C- 64t Un ted States Public Health Service
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preparations were exposed to cobalt™ radiattons from 1 to 45 mullien
rep Frozen crude and partrally purified virus suspensions diluted 1 00,
Molar phosphate buffer to contamn the same number of LD 4 and whale
brain preparattons were wrraduated as desenibed Samples of 1irus were
removed after periods of trradition and virus titer was determuned by
tracerebral njecuon n muce

Results of a typical experiment are seen in Table 1 Crude suspensions
of SIE 1virus were more resistant to gamnm rav jnactisation than were
partills purified suspensions By way of comparson crude virus was re
duced one hundredfold afrer exposure to 1 o Tilhion rep while partualls
purified samples recen ing the same dosage were mactsated approvemately
ten tumes faster Partnally purified SLF virus was no longer infectious after
30 milhon rep while crude virus required an additional t o million rep
before susp lost their path v for muce

Results of Table 1 are presented griphrcalls 1 Figure 1 Pouats on these
curies are averages of virus dilution evpressed as loganithms of 1D o It
may be seen from this figure that the slopes of the curves for whole bram
and crude virus appear to be parallel and from this it mav be nferred
that the mactivation rates for SLE virus 1n erude suspension and whole
bramm are essentaliv the same

Punfied virus on the other hand was more susceptible to the lethal
effects of g1mm radiation and required 2 considerably srmller dose for
complete mactination These data suggest that punificanon of virus re
mosed some substance which protected the sirus particle from the lethal
effects of gamma ravs

The rates of mactnation for crude and partialls punfied virus sus
pensions for all viruses studied are seen m Figure VW hen the surviniing
yirus fractions or LD , are plotted on a loganthmic seale the points are
found to lie approvimatels on 4 straizht tme showing that wittun error of
the experiment the survning traction 1s an evponenttal funcuon of the
dose It should be pomted out that although error of assessment of irus

INACTIVATIO#GOF ST LOUIS ENC(E’PHAUHS VIRUS

GAMMA RADIA

IRRADIATE( RADIATION lMLS N Mlllm$
wirss rreokRanon | MG TS Tz0T 28 30138140
Wote_seAy 71 |s2|37|30]28 u 1s[1 o
CRRE ViR §0  Jso[30(2a[za1s[12]0 [0
PURIIED ViRiS 50 [w|zeir|iz[o0]0]0

RODNTIEN EQUVALENT PHYSCALS o ep reprse fs on rergy
AL FIGURES repeesent logarthm of LDsp
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have indicated that the SH virus can be mactivated 10 human albumn by
heating at 6o C for 10 hours

A complerely sansfactory procedure for the inactnvation of the eno-
logic agent of serum hepatius has not yver been found The need there
fore for obtamnmng berter methods of mactnatng siruses m blood or 1ts
dernansves indrcates the desirability of exploriag more efficient means of
virs mactnation

Since a suitable laboratory amimal for SH svirus 15 unavatlable these
studies deal with the effect of gamma radation on 6 other anumal viruses
n stro

Martrriats ano AMrTrops
Expeniments were designed to deternmnce the dosage necessans 10
mactnate siruses tested when irradiated in whole bramn or n suspension
Stnce prehminary studies suggested a relationship berw een stze of viruses
and their resstance to mactisation by 10nizing radiations Viruses selected
covered a range of partick size

Viruses Viruses used were the Lansing stran of poliom ehtis 22- 7
m; ' Hubbard stran of St [ ours encephalins (SIC)  o-30 mge ! Cah
fornn stran of western equine encephalomyehts (WIL) 53 ma 3 and
the Armstrong 1166 neurotrope stram of saccinn yirus § mp u

\ 1rus suspensions w cre prepared from infected brains of 3 to ¢ weeh
old Swiss mice Suspenstons were then centrifuged at low speed to obtain
crude virus (CV ) wich subsequent high speed centnfugation and Sextz
filtrition to obean partilly punfied virus (PPV) 1 Samples were if
rdiated from s to 4 hours during which ume they were hept frozen
with dry rce at approumately — 7 °C

Method of Irridiation All samples for a given expersment were espostd
to gamma radiation from a cobalt®® source until the required dosage 1
roentgen cquialent phystcals (rep) was attuned One rep 15 defined for
tissue 10 2r represents an energy absorption dose of 93 ergs per graM
Ferrous fernie dostmetry was used for calibratton The calibratton sol
non was placed m vials sinmlar to those used for virus preparations and
readings were based on ovidation of 15 4 micromales of ferrous 1ons per
liter per tooo rep After the required evposure samples were removed
and smmeduately tested for presence of virus by intracerebral ntration it
mice All LDsy tters were determmed by the method of Reed am
Muench ¢
Resurts

Intctr wwion of Viruses by Gummt Rudiwon As a first step toward
studving the cffect of gamma rays on amumml viruses samples of viros
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preparations were exposed to cobalt® radntions from 1 to 45 million
rep Frozen crude and partally punified virus suspenstons diuted i oo,
\olar phosphate buffer to contam the same number of LD , and whole
brain preparations were wraduated as described Samples of virus were
removed after pertods of irradiation and virus tirer was determuned by
intracerebral injection in mice

Results of a ty pical experiment are seen tn Table 1 Crude suspenstons
of 5LE virus were more resistant to gamma ray imctivation than were
partialhy punfied suspensions By was of comparison crude virus was re
duced one hundredfold after ¢yposure to 1o millon rep while parttly
punified samples recen ng the same dostge w ere inactiy ated approumately
ten times faster Partially punified ST E virus was no longer infectious atrer
30 millton rep while crude virus required an addittonal 1 0 mullion rep
before suspenstons lost their pathorentainy for mice

Results of Table 1 are presented graphicallv tn Nigure 1 Points on thesc
curves arc averages of virus deluctont expressed as logarithms of LD o It
may be seen from this figure that the slopes of the curves for whole brain
and crude virus appear to be paralle] and from this 1t mas be nfersed
that the mactnation rates for SLE sirus 1n crude suspension and whole
bram are essentially the same

Punfied virus on the other hand was more susceptible to the Jethal
effects of gammia radntion and required a constderabls smaller dose for
complete smactination These dara suggest that purificanon of virus re
moved some substance w hich protected the virus particle from the lethal
effects of gamma rays

The fates of mictivation for crude and parmalls punified virus sus
Pensions for all viruses studied are scen in Figure  When the survinng
virus fractions or I D, are plotted on a loganthmic scale the pomts are
found to he approvimately on a straight Iine showing that within errer of
the experiment the suriing fraction 1» an exponennal funcrion of the
dose It should be ported our that although error of assessment of virus

INACTIVATION QF ST LOUIS ENCEPHALITIS VIRUS
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INACTIVATION OF
ST LOUIS ENCEPHAUITIS VIRUS
USING GAMMA RADIATION
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Figure 1

actity v sometimes be rather large there appear to be no condtant
deviations from esponental sursival as distinet from random varutions

The relauonshup between virus size and dose of gamus radiation Te
quired for mactnation ts scen 1n Table  The dita show that crude virus
suspensions of SI T and polto virus required the syme dosage of radiation
before they were mactinated while vaccimia virus was rendered nontn
fechous by 1 sgntficanth smaller dose Dita obtuned with parualh
purified suspensions suggest that smaller virus particles require greater
doses of raduation for mactnation than do larger virus parucles It appears
that the differential in size betw cen SLE and polio varus 1s not sufficient to
mahe a differcnce in the dose of cobalt raduavon needed for mactnation

Of the partially punfied virus suspensions tested SLE and polio virus
with diameters of o-30 mu required 3 o mullion rep for complete 103C
tnanon while the intermediate WIEE virus required a shghtly smaller
dose Vaccima the largest virus wsed was mactnared with half the
radiation required for the sprallest viruses

Errect oF Ganiata Raviarion on Huniay Prasva
With the demonstration that gamma radiation 15 an effectne meeh
nactrvating certam anmmal Viruses  expertments v ere designed to
cermme the effect of lomzing radinion on human phsma Sieteen units
each contaming 500 ml of pooled plasmt were cxposed to 1arious levet
of radation Samples were 1rraduated at room temperature and tested for
tovcity by imgeracerebral and intrapentones! myection 1n mice and rabbuts
To determine the radiation dose necessary to mnxcrns ate SLE virus m
plasma o per cent su pensions of tirus mfected mice brains were pre

od of
de
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SURVIVAL CURVES OF GAMMA IRRADIATED VIRUSES
1N CRUDE AND PARTIALLY PURIFIED SUSPENSIONS

< LANSING POLIOMYELITIS o STL0UIS ENCEPHALITIS
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pared using plasma as a diluent St T ouss encephalitis virus was used as
the test organism since it approximates the size of SH virus  Tubes con
tating virus seeded plast were attached fo ther corresponding units
and 1rradrated at the same time The data in Table 3 indicate that levels of
radianion required to mactinate S L virus do not render the plasma tote
for mice ar eabbus Little or no change occurred m pH followtng 1
radiatton and no sediment or apparent physical change occurred n any
of the umits tested The intravenous adowantration of gamma irradiated
plasma mto 16 piosents einming from  to 6o 1ears of age produced 5o un
toward reactions  There was no elesation 1n temperature durning or after

\pprecaton  expressed to Dr A hnulca Jroand Dr S R ppaport Depart
ment of P d rres, and Dr B E Rarunde Doy rene £ Mediaine Cov of Hope

“:czl Center for therr asistance i the chinical 2 pects of ths portion of the
study
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RELATION BETWEEN VIRUS SIZE AND
INACTIVATION DOSE OF GAMMA RADIATION
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the administratron of plasma 1n anv of the specics tested It 15 mteresting
to note that even thousgh plasma recened approxiutely twice the amount
of radiation required for mactnation of S1 L virus 1t nexvertheless re
maned nontowc for pauents and laboratory armals Studies on 1T
raduted plasma subjected to paper electrophoresss and anthzed 1n the
Spinco Amalstrol indicate that the per cent of albumin decreases as It
radiation Increases

Frirer or Gavinia Rapratios on Potrosryreims Tvsuse CLosubiy
Studies by Janewas 17 suggest that antthemophilic fractions of human
plasma may sometimes transmit vteal hepatits This has raned the ques
tion as to whether other products of human plasma fractionation nowW
being used m the treatment of certan disetses M also contain SH virus
Hepatits has follow ed the admunstration of Cohns Eraction 1™ and the
use of human thrombin deriyed from pooled plasma prepared from Cohns
Fraction Hi ¢ Serum hepatiess has o been reported m children who re
cened Fraction IV prepared from pooled postpartum plrson wsed i the
treatment of theumatoid arthnins  Although recent studes ! have con
firmed earher mpressions that atburun and gamma globulin frac
wons are unhhely to play a role i the transmisston of homologous serm
hepatitis others * conclude that gamma globulin 15 probably not enttreh
free of icterogenic virus Aside from the possinlits that gamma globulm
may carry SH virus 1t was considered of interest to deternine the effect
of radiauion en antibodies found 1 polioms eliis mmune globuhn Con
centrated pohoms ehus mmune globuhin (Sharp and Dohme) contaming
approximately 165 mg of globuln per m! was titrated n Hel a ccll cut
pe I (Mahopev) and Tape II (MT 1) struns of poho
Tenfold senal dilutions of somune globulin wcre made
t D part

tures agunst Th
my clits viruses

The authors wish to express their g precratton to Dr Tamcla H Byat
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EFFECT OF COBALT™ RADIATION ON HUMAN PLASMA
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with balanced salt sofunon and seeded exther with roo TCID;o of Tipe |
or 150 TCID o Type II pohio virus Eight tubes were used for each
dilution and trters were recorded as the highest dilution of globulin which
neutralized the calculred dose of virus Results with prereradiated and
postirradiaced samples are seen 1n Table 4 It ts apparent that reasomblsy
high doses of radwtion had no detectable effect on the neutrahzing ca
pacits of globulin aganst the viruses tested  Paper electrophoresis an
alysis of srradiated samples indicated a decrease mn globulin concentrasion
with an increase 1 radicion It appears that either the reduction o
globulin 15 not sufficient to be detected by virus neutralization 1 tissue
culture or that the fraction of globulin reduced does not contain signifi
cant amounts of specthic neutrzhzin, anubodes for the viruses tested

UriLization or € avtaia RADIATION FOR THE STERILIZATION OF
Bose HontocrarTs

With the adsent of improved surgical techmiques 1n the expanding field
of orthopedic surgery the use of bone homografts 1s recenng mereasing
chateal application Althou h the ncidence of virus hepats following
transplantatton of nssue homogratts 1s not known serum hepatitis has been
repacted following the wse of refricerated bone ¢ The supplh of homa
grafts obtained usually from necropsy mav be contaminited with
bactenia or latent viruses Voreover the svnlability of eisucs to be used
for surgical transplant 1s bted and the supph of bone segments must be
presened for eventuil use The wrdespread use of freeze drving for the
mene of Infect us D eae Unversty of Calif emua Med cal Schocl ar Tes Angeles

forutrat n fele ol myer imnune gl buln anito Dy A T Rasmussen for hs
helptul 1gg ton Ju g the ¢ urme of d  proll m
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EFFECT OF COBALT °° RADIATION ON NEVTRALIZING
ANTIBODIES AGAINST POLIOMYELITIS VIRUS
N
IMMUNE GLOBULIN

VIRUS INEUTRALIZING TITER [MEGA Trg” GAMAA IRRADIATION
BEFORE RIADIATION [ 19 | 20 [ 38 [ 40
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preservation of blood dematives 1s now being extended to the presen
tion of shin bone and blood vesscls 5 Unfortunatels methods & tuch
preserie mssues to be used for homografts may alo preserse yIrmses The
unusual resstance of hepatis viruses to many procedures W hich macenate
common pathogens * © and the possibilis of altering the usefulness of
tissezes W hen measures adequate to mactn ate SH virus are applied present
many problems Lffective penetration of bone with s many cnals an
lacunae s difficult to attain by chemical sterilizing agents Smce gammd
ravs are known to be powerful penetrating sources of energy effectine 1n
killing a wide range of mucroorganisms e€\perments were designed 0
determine the effect of radiation on bones from virus infected rats

For thts study an infectious agent of small prrucle size was needed
which reached a high concentration 1n the blood of infected hosts and
yet was resistant to freezmng and drving The agents used were the Novy
wrus 1solated at the Unnersity of Michigan ® and the Webster straim of
eastern equine encephalorm ehtis (EEE) virus Both viruses are appro¥t
mately 30 to 40 mp in diameter '3 % and reach a relanvel high con
centration 1n the hematopoietic organs of young rats Tibtas from 1
fected amimals were removed mmmersed m distilled water and frozen
After Iy ophilization one of the tibras was ground in a mortar suspended
in saline and utrated for mfectnity by intracerebral injecton 10 nice
The second tibra was teradiated and then utrated as mdicated n Table §
Results show that despite a tenfold concentration of virus m bone from
Nosv infected rats borh viruses were mactnated at appm\unarcl\ 35
megarep The mtensiny of raduation required to mactnare viruses m bone
15 consistent with dosages described earhier for crude virus in suspension

[eraduated tibial segments transplanted into o rats resulted m gradual
disappearance of the homografts with the formation of new bone None ©
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MICE INJECTED INTRACEREBRALLY
WITH LYOPHILIZED IRRADIATED BONE SUSPENSIONS
FROM VIRUS INFECTED RATS
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the transplants became sclerotic or showed any evidence of sequestration
Hutologie examinanon of the graft sites at various intervals revealed
gradual replacement of the transplant by newly formed bone wichour
evidence of infection or foreign body reaction Since the beginmng of
these studies gammi irradiated bone has been used successfully m over
8o surgical procedures ar the Unnersimy of Michigan Hospital 3 More
recent reports® ¥ indicare that lugh mtensity electrons are useful
sterthizing many different ussues intended for surgical transplane

Discussion

The results of these studies indicate that gamma radution from cobalts®
1 an cffectne method of mactsatng cerran ammal siruses m vitro
Smiller viruses apparently require a reater intensity of radution for m
actnnation than do lirger viruses Although 1 would have been desirable
to determine the effect of gamma ra liation on hepatttis viruses m blood
and other brologcals the Lset of a susceptible laboratory spectes for SH
sirus has precluded sts use m these experiments Since a relatonship be
tween virus size and the dose of radunion required for sts actination does
et SIE virus which 1s approvumately the size of SH virus was sub
stututed for the cuologic agents of viral hepatiis 1 some expeniments
while EEE and Novy viruses which produce a sirema i rats were sub
ututed i others It should be emphasized thar sirus substitution was
bued only on size or the alubty of the infectious agents to produce
virenua with awareness of the possible dsfferences 1n environmental con
ditons necessarsy for their respectne mactnanon Fypenments m which
SLE sceded plasma was ased showed thae irraduated plasma could be ad
merustered intravenously without untoward reactions n pattents Electro
phoretic chanoey seen 1n plavma ndicate that as radiation ncreases the
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albumin fraction decreases The reasons for these and other chinges seen
n the electrophorenic patterns of irradinted plismne are unl nown

Although 1t 15 generilly accepted that imnwne globulin v unlikely to
plv 1 role 1n the transtussion of virus hepa s globubin was wed
these studies to derermne quantittnvels amy chinges which might have
occurred n biological actuny dunng readiation The neutralizing €
pacity of poliomn eliis immune globulin was appirent}y unatfected when
exposed to radiation 1n excess of levels required for inactation of the
viruses tested With prolonged exposure to radiation globulin appears t©o
have been reduced 1n concentration as detected by piper electraphoresis
and measured 1n the Spinco Analvtro]l No appirent change howesver was
detected 1n the neutrlizing capacins agaumst Tvpe T and Type 1T poho
myehos viruses These findings suggest that the observed reduction 1n
immune globulin mav well have been in fracttons which contuned hitle
or no antibods  or that fractions which were destroy ed contuned no spe
cific antibodics for the vrruses tested

Recent advances in orthopedic and vascular surgers have greathy m
creased the use of tissue homografts m human subjects The posabiliy
of passenger viruses must alwavs be consdered when tissues are (rans
plinted from donors to recipients Because of the miure of homografts
the specerum of sterilizing agents that can be used 1 necessarily limueed
Sterilization must be accomphished m the cue of bone grafts wichout
altering, 1ts ability to stmulite new bone fornntion 1 the host Results
using varus infected bone show that gamma radition 1 cffectne 10 10
actnarng At least two ammal viruses in Iy ophilized ubnl segments Darta
on levels of radition required to macti tte lirge concentrations of virus
1n rat bones are consistent with doses obtuned for viruses 1 whole bram
and 1n suspenston More mportant however gammi irradeaced bone
segments do not losc their usefulness as grafts ‘The mexdence of successful
homottansplantation of gamma irradiated bone m experimental anmals
and man has been remarkably hugh In most imseances the tranplnts ¥ efe
rephced by newly formed bone without evidence of sclerosrs sequestra
nion or foregn body reaction

Despite the encouraging results obtained thus far the preliminary na
ture of this study 1s emphasized The data suggest that gamm? radeation
from cobalt® mav prove to be 1w effecave method tn presenting the
transmnssion of virus hepatitis under certain conditions
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The Combmned Lffect of Thermal and
lomzmg Radwtion on Viruses®

ERNEST C POLLARD PuD
(New Haven Connecticut)

The problem of control of hepatitis virus hl e that of any other virus
15 fundamentally complicated V% here 1t 15 possible to characterze the
virus evperiment with it and directly devise wavs of mactiiaton ster
hzation production of attenuated strans and so on it 15 often unneces
sary to consider the propertics of viruses m general because partcular
methods may readilv lead to 2 solutton With hepatitis there 1s no such
luxury  although the very heaunful work described by Dr McLean and
Dr Gard gnes us real hope that the lean vears are coming te an end
Untl they do unt} laboratory svirus growth 1nd assay becomes practical
we have to look 1t what we hnow about viruses in general 1nd try to use
the slender evidence at hand to tell us what 1re the probable rewards of
any ane line of approach to virus control The work 1n our group at Yale
has been directed quite resolutels at studs g virus structure and psop
ertics and also at understanding the action of tonzing radiation and al
though we have done no worl at all with hepatitss I shall make no
further apology but proceed to discuss the two cffects of heat and 10mzing
radiation on viruses

StrecTuRr Anp Tuneriov oF VIRuses

In the pust few yvears reil progiess has been made w describing the
structure and function of viruse  This has been partly due to electron
nucroscopy to \ rav diffraction and to radwactine tracer methods but
1t has also been aided by the use of 1onizing radiation to mactinate spectfic
parts of the sirts and measure ther size and shape Ve have been em
ploving tlus techmgue for a number of vears and have been amang the
first to draw scheminc pictures of viruses which are inferential 1 char
acter but which must comev some 1des of the vanous parts and what
thes do T propose to show four pictures of riruses obtained i this way

The work 1srteihre a a sted yanls Ly the Atome nergy Commison
and the J bn A Hartford F v dati n
355
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and then discuss 1 general whar mught be expected from virus macu
ation

The first and m mim wavs deceptivels the simplest s tobacco mo
suc vrus Itisa long rod with an infectrous umt length of 3000 angstroms
and seenmnghy has 2 rather chin nsensitive coat with a pat which i
much more sensitnn e to ridiavon (Frgure 1) \ iy diffraction studies by
W atson have estabhished thae the outer I er 15 2 helical arrangement of
protemr molecules and recent work by Caspar and Rosilind Trankhin
have shown that the actual center 1 hollow [n some war not vet estab
Iished the nbonucleic acid 15 1rranged nstde the protemn helx

The second virus [ would like to conuder s T bactertophage It 152
DNA (desovs nbose nucleic acid) virus and it is just begmnmg to be
realized that bacterial viruses for ths very reason mas not be tvpical In
face we may possibly face the clisstfication of viruses as  genetic and

nucrosomal  according o whether they contam nuclerc acid as DNA or

RNA (nbose nucleic acid) Such bacteriophages hase an ehiborate mor
phology  The vital pare the DNA thread 1s somchow cotled mstde the
head of a protem structure which again 1s probably some hind of imter
locked molecular castng The tarl probably contains a unit responsibsle for
bictenal Adling and this umit mav well be 2 section of DN A which 15 not
in one long unit (Figure ) Our evidence indicates that 1bout go per cent
of the virus s sensitive part ss muvolved n thus function At the end 1s an 2t
tachment and enery unit which mav bear sowe relition to the receptor
destroving enrvme of mfAuenza virus The virus attaches by sts ta) and
upon incubation the entry unit opens 1 hole i the host and the remainder
of the virus proceeds by a Hind ot inear Brow mian movement to enter
the bacterium The shell s left outside

A third sirus 15 that of mfluenza (Frure 3) This figure represents
deducuons made from radntion studics by Dr Powell in collaboration

irsensitive coat Rodigtion sensihive part

e

R R T R R T T TRTTThTESy

STRUCTURE OF TOBACCO MOSAIC VIRUS DEQUCED FROM RADIATION
STUDIES

Frouse 1 A schemanc preture of tobacco mosue virus deduced from fadia
con s udies by the author and Dr A T 1) mond



Effect of Radianion on Vsruses 357

—~S olgeal

Coled pd ol thgu b
01 s

T-i 1955 VERSION

|—6act r 1 kitng

R R R

ﬁ&\“\\

|—-Attochme t and e 1y unt

Fitre 2 Schematic repre entan n of Ti tactenophage ta et on radiation
sudes A col d op thread prosum Ll of DNA resdes nwde a preten
coat  bich ha functonal umics as indicated

with Dr Jigger Dr Setlow and mnself I¢ s very much schemate and 15
mntended more to represent the various sizes of the component parts
Nevertheless 1t 1s of great interest that the beauuful section pictures
taken by Dr Morgn and Dr Rose 1t Columbia show a set of concentric
nings and also an over all s;ze which grees remarkably well with these
tindings

The fourth virus 1s that of Neweastle disease the N variety The data
are bised on mewsurements recently made by Dr D Wibon and ma self
Agamn there 1< an nsensiti e coat 1 which there are apparently imbedded
a set of about a dozen flat plire molecules These molecules are respon
sible for the hemol sin action There 15 also a set of rather smaller pured
molecules which cause the agg lunnation of red cells bimih there 15 an
tnner sensitive regron of nucleoproten which carries the genetie part and
akha the mterfermg il not vet studied (Figure )

The above pretures serve to fix one s mpressions as to what a sirus 4
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RNA?Y

INTERFERING UNIT
(PROTEIN )

RADIATION SENSITIVE PART OF VIRUS
{PRINCIPALLY PROTEIN )

RADIATION RESISTANT LIPID COAT

HEMAGGLUTINM ( PROTEIN]
? 5 oF ANTIGEN (mav b€ DISTRIBUTED I LIFID COAT)

Fieerr 3 Schemanc prcture «f influenza serus as drawn by De W T Powell
Department of Fachology Yale

Among the things that 1t does 15 to enter (in whole or m part) the host
cell to make s varous component pares (or order them made by the
cell) to assemble them nd to escape In this connection I cinnot help the
parenthetical remark that since the lack of an experimental host 15 our
major obstacle and that proof that we have discos ered such 1 host may be
hard the one significant ad in domng this 1s our possession of conalescent
antiscrum  Such antiserum will specifically combine not onls with com
pleted virus particles but also with specific virus protein Such protemn
will be made de 20 0 from ammo acids It might well be tht a study of
fabeled amino acids such as methionine and w hether they become meor
porated into 2 fraction which binds to convalescent antiserum might pro
vide the best evidence that a host was at least tolerating virus

ViIRes INacTi ATION

The mactnation of 2 virus 1s due to the loss of funcrion of ane of 1ts
umts In studies made on thermal mactnation dating back to quite early
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work 1t was realized that the nactivation of a virus and the denaturation
of a protem are rather similar Studies with 10nizing radranion and with
ultraviolet hight have served to emphasize this broad simuilanity  although
these last two radiations actually diverge rather sharpls from one another
when a quanutatne analvsis 15 attempted Thus the mactnation of a
virus requires {1y only a few while a rather large
number of photons need to be absorbed for mactnation by ultraviolet
hghe,

InFigure 5 a schematic picrure of a virus 1s given to iflustrate the prob
lem of nactnanon Three Linds of factors are shown the factor for
entrance the antigenic surface and the long cham associated with mfec
tion The smactrvation of any one of these functions will destroy  the
virus Both the entrance factor and the long chain are supposed to be
uruque while the antigeme surface 1s multiple To inactivate this last
many molecular umts have to be damaged while for exther of the other
functions a single protem or nucleoprotein has to be mactnated

When any lind of inactivation 15 observed 1t 15 the sum of all kinds of

HEMAGGLUTININ
HEMOLYSIN

RADIATION SENSITIVE UNIT
(INFEGTIVITY )

RADIATION RESISTANT COAT
TicRe 4 Representati n of Net astle dsease siru 1 sed on radianon data

then 1y the author and Dr 9 Wit n There 1 defintely & radan n
T8 untcoat vath 3 sed v e {protally coled up) RNA and pretemn center
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dimage which is seen unless specific experiment 1s carned out to scparate
the varous factors

Turrviar Inscrioamiov

Lacept in a few cises ke tobacco mosae virus (TAIV) abore 80° C.
and Ty phige 1bose 60° C where mechanical disruption of the sirus takes
plice the thermal imactnanon of 4 virus fits with the picture of enzvime
mactination or protain denaturation To try to explun how tlus takes
place consider Figure 6 1or the moment plese sgnore the track of an
1onizing particle and the positine ton and electron marks

The sheleton framework s a representation of the network of either 3
large proten molecule or a nuclere acid I 1s made up of strong
covalent bonds and vaniows grades of weaher bonds ke hy drogen bonds
or Vander\Vaals bonds It 15 assumed that the weaker bonds can often
bretk but if the whole structure remams rewsonably ntact they will also
e form Such temporary derangement has no deleterious effect Howeser
if two hydrogen bonds broke temporarhy 1n 1 umit Iike the night hond
chain the whole chin could bind up and 1 new set of hydrogen bonds
nught be formed which would bind the proten or nuclerc acid 1n 2 new
configuration Such a new configuratron m1s well be permanent or nearhy
so and it may also destros the biological action of the molecule breahing
a genenic rehtionship or lturing 1 specrfic reltion to 2 substrate

Thts mechinism for het inrctnaston was firse to my know Jedge pro
posed v Augenstine

It fits very well with the Ly ing theory According to this the prob

MULTIPLE ANTIGENIG
'SURFACE

LONG CHAIN
CONGERNED
WITH INFECTIVITY ENTRANCE
FACTOR

Trone s A generalized ammal virus sh v in rolen fashon three essential
qualities the outer coat the entrance facor and che c led gonetic threid

-~
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Post e tons

® Electons

X Beons

FicLre 6 The skel ton of a protem or nucl ic acid molecule shovn t llus-
trate the process of mactt ation Bonds broken at \ could weaken the whole
mtegrity £ the mol cule so that 1t dr frs apart and rejons m 2 wrong way

If 10 nzing radiati n causes seak spots shuch can mgrate them such thermal
action 15 greadly aided

ability thar enough bonds will be open 1 given by the statsstics of the
acenated state  which 1s the name Fynng gnes to the pome of no
Teturn on the way 1o the final denatured condinon  Chese stitistics are
gorerned by two factors the first the energy needed to breal bonds and
the second the energy readjustment caused by the hberation of bound
warer

At the rs] of seemmg obtruse and mathemaucal T intend to pursuc
these ideas for a moment because there 1s 2 chance that they may evplam
the seasonal varunon of the ncidence of hepatts To show briefly what
happens the tw o condutions of extreme w etness and complete dehy dration
of a mcromolecule <an be contrasted In the first place the mrenstices of
the network of Figure 6 arc full of water which 1 bound and not free to
rorate. This water serves to mahe the bonds structurally stronger N\ow
as the nghr hand chan opens 1t causes water to become free 1o start
rotation and to diminish the enermy of bonding Thus when the mactna
tion starts, it goes wich a rosh

In the drv state no warer » present or more correcth  such less
WAt 15 pre ent and the bonds are all weaher Tven so the transition to
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damage which 1s scen unless speaific expeniment 1s carned out to separate
the vanous factors

TrIrvAL TN acTi Ao

Ixeept i a few cases ke tobcco mosaic virus (TAMV) above 80° C
and T 5 phage above 60 C. where mechantcal disruption of the virus tzhes
place the thermal mactnation of 4 virus fits with the picture of enzvme
mactnanon or proten denaturaton To try to evplan how this thes
place constder Fizure 6 Tor the moment plesse ignore the trach of an
1onizing particle and the positne 10n and electron marks

The sheleton framework 15 a representation of the networh of either 2
large protemn molecule ar a nucleic scid It 15 made up of stren
coralent bonds and vanous grades of weaker bonds Ithe hy droeen bonds
or Vander\Vaah bonds It 15 assumed chat the weaker bonds can often
break but if the whole structure remains reasonably intace they wll 2o
re farm Such temporary derangement has no deleterious effect Howerer
1f two hydrogen bonds broke temporanih m 2 umie Iike the nght hand
chan the whole chun could bind up and a new sct of hydrogen bonds
mght be formed which would bind the protem or nucleic acrd m a nes
conbouration Such a new conficuration may well be permanent of nearh
so and it may abo destrov the biolomicil acton of the molceule breahine
a genctic relattonshep or altering 1 specific rehiton to a substrate

This mechamsm for heir inetnanon was first to on hnow ledge pro-
posed by Augensune

It fies very well with the Dyvring theory  According to this the prob-

LONG CHAIN

CONCERNED

WITH INFECTIVITY ENTRANCE
FACTOR

J anuml virus sh g m token fashion three essenoal

cur 5 A gencralize
buacur 5 ¢ the entrance factor and the ¢ iled gevetic threa

qushites the outer coat
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the range of temperature covered 1s from 8o to 150 C and the imactina
tion proceeds far more slow Iy as the temperature 1s rased This 15 because
m the dry state AHS and AS? are both much lower Usually 1t1s found that
AS? 15 zero or negative and AH? 1s about four times less in the dry stare

Srasovar Inciopsce o HrpaTiTis

The figures shown by Dr Paul and the fact that Dr W ood was able to
heat lns  Staren Island cocltails to §6 C indicate that (1} the early
summer months are low points m anfection and (2) wet hepatius can
stand §6 C certamly for some minates

If we are to use the thermal mactnation of virus while 1t 1s on the
testinal oral route to explan the sersonal mcrdence then clearly it must
be able to survive m the wet state The Delhr outbreal proves ths also
On the other hand if the drying process were done rather slowh so that
arus was kept m 1 moist but not wholly wet state 1t 15 concenable that
the lowering of AH¥ and AS? would take place ;n such a wav asto gne a
gradual widening of the temperature range of nactvation s0 as to cause
the virus to be sensitiv e in a semew et state. Thus in the spring the ambient
virus becomes Jess actine In the summer the dryving becomes rapid and the
virus passes to a state where 1t 15 admuttedls unstable bue only slowly so
In this way the virus remuns incact unul the wer winter season when 1t
can smke good headway m the populatton To complete this account it
can also be added that the strength of the hy drogen bonds may well depend
on pH As 1 drop evaporates the pH (unless 1t starts at 7) will mose to a
greater extreme  Thss could be an added factor producing the same effcct
as formerly mentioned

InactnaTton By lontzine Rabtatiov

A glance back at Figure 6 will grne some insight into one form of
mactination by ionizing radiation 1 refer to the effect produced when 1n
tomzation 15 caused to occur m the particular moleculir structure which
can be inactivated This s often called the direct  effect in contrast to an
effect produced in a hiqud medium and which can act chemrcally

When the wmzing particle trnverses the molecular structure 1t cn
release an electron from occavonal atoms There 1s no selection about this
process 1t occurs about eqully i amy 2tom However an electron mns
mg from an atom hs two factors of mportance to be consdered The
first 15 the facr that ather nearbs atoms have electrons which can rapudly
evchange with amy ane atom It s in fact this exchange which 1 the Inas
of the covalent bond So the denudation of amv one atom can rapidly be
remored at the expense of 4 neighbor unt! the region of po 1tne charge
s traveled many times throughout the micromolecule The second fac
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rotraion Wil not occur and thus the encrgy of boadmy, while weal has
no extra props so to speih and as 2 result the macen ition never proceeds
with the sune frenctie hste a5 when the release of water occurs: All this
appears very meely m a formult due to Fanng e s as follows

sy _an
N 1 Y Ri
jm—— c

h

where Ly 1s the reaction rate L 1s Boltzmann s constant ‘T 1s the abeolute
temperature h » Planch s constint ¢ 15 the bise of natural loganthm
A% 15 the entropy ehinge to reach the aceated staee AL s the meerml
energy change to reach the actnaeed state and R s the gas constant
In the wet state A% and AlI* are both hrge and imactiyacon sapidly
mereases with temperature s shown n 1 typreal case in [ogure 7 v here
the mctnation of wet Ty phige with temperature 1 shown Tor dry Tr
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Tuee 7 The therml imctnation of Ty bacteriophage as ol served by
Aartonie Reaume and the author The wh le me1 orsbt “range of scositisity
15 confined to 15 C This correspen s to 2 value of All% of gsono cilinies
pee mole and ASx of 207 calonies per mole yer depree In the Iy sure
A5 drops to zero and All% 0 175 0 The resuling range « f temperature
over which mactnavon ctn be olwried 1 far greater
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Reaume and Powell shows that the cross section which measures the
sensstinits of the i ertase molecule to deuterons vanes markedly with
temperature as can be seen m Figure 8 Notice particularly that the cross
section mises very greathy in the regron where the mactnation of the
muertase would just be begmning At the highest pomnt given a few per
cent tactination due to temperature alone would be expected m the
case of mvertase The synergistic effect of radranon and heat 1s thus
clearly seen

Turning to the effect on 2 virus [igure ¢ which 1s taken from the work
of the author and Adams shows the effect of heat on the amount of
mactination of T due to a single dose of \ ravs It can be seen chat the
sensitnvey ancreases marl edly and even so there 1s very httle nactivation
by heat alone at the pomt where the molecule 15 the most sensitnve

Itis therefore seen that itas perfectly possible under favorable circum
stances a factor of 3 in increased sensitvty could be obtained by irradsat
ing at a shighth higher temperature The prelimmary results which have
been obtamed by Dr Murray on the vanation of the mactnation of
hepatitis virus with temperature would indicate that quite a low tempera
ture mught suffice for this purpose 1f mdeed 1rraduition at say g0 de
grees would suffice to increase the sensinvity to 1omzing radiation it might
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tor 1s the great wedl ening of any bond when the shared clectron 15
removed

Thus after irradinon regions of weahness travel rapidly throughout
the molecule, and 1f at the moment of passing 4 section 18 momenttrthy
reads to move to a sccond form 15 we deseribed above the radvton will
wrexth d this process Often the w ethening 15 sufficient to cause radution
action alone to produce all the dinnge necessary 1o remose the tuological
function W here this 1 the case the inretivauon of the molecule so thit
it no longer fulfills 1ts biological function will tale plice when the
1onization s occurred anywhere wielin the structure Such an all or
notlnng phenomenon s well known in ridiobrology  but it 1s 1kso possble
that the moleeule be hirge enough so thie one 1onization wall not complete
the imictnnon In piroculir i the case of a virus 1t & possible that
ridintion relersed in an ummportane part can put a hitle energy mfe 2
more important region bug this mas be snsufficient to ciwse the et
tion of that regon Under those circumstances the evstence of boady
alreads weakened by hew mas be suffictent to cause the inactivtion of
the structure To illustrate this we can consuder the effect of oning
ridition nd hee on the ensyme mverrse Work done by the author
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ivertase which ¢ held at differenc emy erures while eing bombarte ! by
ourerons Durng the time of heatiog cven 1t che highest temperatures no
more than a few per cent of imertse 1 inernate pureh  thermally
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GENERAL DISCUSSION

Raren W Bravrr, PuD (San Franensco Cahforma) From the work of
our friend Alexander 1 England we have had 2 fair amount of 1nforma
tion on the oxvgen effect of raduation sensitnats of s arous macromole
cules I beliese 1 did not hear anv discussion of that 1n relation to the
hepauns virus. Since these effects are quite differential on different
macromolecules, it seems to me that m modifving ovyvgen tensions from
high to low 1n respect to Alexanders data this would be down i the
subatmaspheric pressure regions and it mught be possible to enhance the
differential effects that one would khe to get without hiling off ones
protems

Ernest C. Porrarn P D (New Haven Connecticut)} [ would hlke to
comment on Dr Braver s remarks Dr Alexander also has very nice inde
pendent cridence for thus thermal effeet which 1s quite good I usually
have the cffect of stopping ant discussion when §speak and [ should have
been put on the program first It 1s the exponentuls that are worrs ing
people

T would lthe to open a lutle discussion on what » known about the
thermal inactivation of the virus There are quite some contradictery
factors commng m [ might enumerate them

First of all as Dr Allen has observed m about 6 months at room
temperature the sirus 1s apparently nactvated Second 1s the observation
that 2t 6o C. for ten hours the serum 15 appirently all night to use On the
other hand the \Willawbrook patients who were gnen  Staten Island
cochtath  (and this had been prepared for some lenath of time ar 56 )
behaved approprittely In other words the vires 15 not mctivated at 56
m one case wherers it s mactinared both at 60 and at room temperature

Tt scemn to me that there ts an mconsistencs  and perhaps someone
mght remark on it For example [ would like to hnow how long the 5¢
exposure for the Staten Island cochtal tooh place That might be
informame

Roarrt Waro MDD (New York New York) That was 56 for half an
hour Dr Pollard A1+ 1t m1y hnve been a dafferent virus Perhaps it was
a hepatites virus rather than a serum viruy

Josten Stones Jr M D (Phulwdelphia Peanss vanin) 1 <hould be nter
ested i askang Dr 1olhrd bow much evpensence he his had with the
lenith of incubat n jon 1 atter treatment by heat

In the hundred «t ¢p1lome Lhave een ¢ f ordinary eprdenue hepatis
the length of mcubat o that Dr Ward and Dr Hoxelund have desenibed
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very well be possible to reramn not only the albumins but the globulins 1
reasonable condition while at the same time removing the activy of
the virus stself

Clearly further experimentation 15 required along these lines butit does
seem to offer one of several favorable asenues of approach

SunARY

Some schematic drawings of viruses based on radution and electron
microscapic studies have been gnen The muluple character of the mac
tination of viruses has been stressed and consideration gren to the effect
of heat alone on the mactnvation of viruses

The vanation 1 sensitivaty with humidits has been noted and it has
been suggested that this may well be a bass for the seasonal varution of
the inadence of infectious hepauns

A theors of the effect of 1omzing radition and heat on virus nacma
tion has been outhined and 1t 1s suggested specifically that the 1rradiation
of serum at temperatures a little it above jo degrees might give 8 consid
crably improved removal of the virus wieh very Ittle damage to the
proteins
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milhon rad The unit rep has also been used and the rad and rep are very
close together The rep refers to an energy absarpuon of about 83 crgs
pes gram and the former about 100 etgs per gram They are almeost equua,
lent units

1 have found Dr Pollard s explanations most mteresting and of course
the direction of his explanttion was that 1f one elevated the temperarure
and took on the adiantage of the thermal weaknesses to assist radition
destruction one might end up with a differential adsantige i favor of
destroving the virus At least the raduanon dose required to destrov the
virus might be reduced and this mught be differentsally advantageous
Actuallh we are contrasting the destruction or imctiaton of 1 small
structure with the destrucnon of a large proten motecute and my impres
s1on would be that the combination of heat with raduation would 1n fact
be disadvantageous

The differential action might well go the other wav In fact I think
perhaps one of the most important Wavs of preserving complex molecular
structures that has been found 1n 21l studies on the action of radntion on
pratein molecules and orgrmusms his been the reduction rather than the
mncrease 1n temperature  That 1s to sav a threefold reduction of requred
dose by the use of an ncrease 10 temperature 15 not as mfluential 1 pre
serving the medum as Yets say radiation at this mantaned dose down to
dn ice temperature

Of course thisis onhy prelimimanly bome out by expeniment but T think
there 1s a fair amount of evidence to suggest that 1n general this would
be true,

Russrtr T Joroan MDD (Duarte Californa) T think that in the
consideranion of mictination by 1omzme radition ene must alwavs con
suder the punty of the preparition that 1s heng tested 1 believe that
extremely important and even extremehy minute amounts of extrineous
protein can have a rather large difference 1 the doses required to naco
vare certmn particles

[t 1s extremely impartant also to conuder in certan instances the
medium n which the bacterta were propagated YWe have some prelim
mary studics using spores 1n which the medimm seems to hive a significant
bearing on the doses required for inactination

Mo 1 think when we consider the mactnation of any partcle we
must abo bear i mind s size

Tuwovas Treves MDD (Ann Arbor \lichizan) Dr Pollard 1 vour
sketch of the universal virus on the outline s ou had the mluple antigenic
factors Is there any enidence which vou have that indicates that one of
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1s extremely unusual We have never seen this €\cept In some specimens
that have been obramned from plisma In ordmary outbreahs of hepautss
I'have not seen an meubition period of this tvpe and I wonder how mam
viruses have boen treated at this temperature to determine the meubauon
penod

Dr Partaro The wnswer s farasThnow 1s that there 1s none Actualhy
s faras I ean tell this whole aspect of what happens to the virus due to
hupndits and temperature condinons has not been studied from the
eprdemological vien pant I am mereh putting in my two bus that 1t
might be worth looking ar

Jomv R Paur MD (New Haven Connecticut) T don ¢t know whether
Dr Havens isn the qudience but he has had some evperience which deals
sith Dr Stokes s question — 1t least m heatmy, 1 strain of infective hepa
titis virus A m hss experimental work of some twelse v ears ago 10 which
1 recened the same treatment as Dr Pollard referred to as the Willow
braok cochtarl  and there the meubrton pertod was not shoreened

[ elnk the treatment was the same Perhaps Dr Ward will correce me
if 1 am nor absolutely aceurte

I have been interested m this new pe of approach for inactivating
biological agents wnd I have been w ondering to some extent how far the
worh with bictern1 has gone Thus 1s the hardest ty pe of approach to work
with @ virus but here 1re 1l these agents for destros ng acuse nfecrious
materal and 1t would seem that one mught starr with that vnless 1t
completels beside the point

Joun G Tatan DSe (Boston Massachuserts) T would be happy to
make a brief remark on the effect of radnnon on bacterra

Bicteria n face have been more thoroughly studied than iruses and
part of the reason for the intcrest in the study of bactena has been
because of the mtesest in both producing, sterile pharmaceunical products
and 1n the preservation of food

Ithunl 1t 15 now quite well established ehat all v pes of bactena can be
destroved and again each one has a well defined lethal dose required
depending upon its concentration 1t 1s also dependent upon the medmm
It s relatively independent of the temperature of radiaton and Dr
Pollards very fine curve which showed thar from room temperature
down to drv ice the sensien ity to radition remaned constant seems 10
be true for virtualhy all bactera

The spore formers 1re the toughest to destroy and in very high con
cuntrayion o the order of 1 or 1o milhon orgamsms per ml Bredllus
subtehs for example —which 1s a tough one — mighe require about 3
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Chenneal Sterthzation of Wihole Blood and
Plasua with Beta-Propiolactone”

GLRAID A LoGRIPPO MDD and CIARLNCE L. RUPE, MID
(Detrawt \lictugan)

Tn an attempe to sansfactonily stenlize whole blood and plasma over 600
chemucals were evaluated for thair virvaidal actinaty 10 atro These agents
can be dnvided into 3 general groups (1) chemical agents (2) physico-
chemical agents and (3) combations of these ! 2

Since the hepavtss virus was not available 1 the Jaboratory as a test
obyject viruses were selected which preduce viremia in ammals are re
sistant to mmactination differ 1n chenneal compositson and are infective by
a pertpheral route Tw o viruses meeting these requirements were the A
strain of mouse encephaloms ocardins (MM) and the eastern equine en
cephaloms ehitis virus (IIT) A third virus v mphocy tic choriomeningitts
(LCM) was selected because 1t 1s mumately assoctated with the ersth
rocvee and could be used to demomstrate the mechinism of drug action
with certam compounds The 3 different virus test objects used 1 these
stuches were (I) 20 per cent virus infected tissue o per cent scrum
sabne solution reduced to 1o per cent virus suspension by addinon of
equl parts of drug solunon (§1) 10 per cent virus infected tissue in 9o
per cent ACD whole blood 1nd 1o per cent virus infected tissue i go
per cent ACD phsma and (U11) whale blood and plasma obtaned from
virus infected ammals dunng the stage of viremma

In the prel y of ct

the agent was given eveny
opportunits to exhubit 1ts virucidal action by using a virus test object
(Number [ histed above) contanme only 10 per cent extrancous protemns
when equal quannities of virus suspenston and drug solutions were mived

Although 23 agents were found completels effectine agamst 1 of the
viruses onhy those acents which were totally effectne against 2 or mare
wire s were sclected for further study In test obyects 1T and 111 onhy 1
part of drug solution was mived with ¢ parts of virus nfected plasma or
whole bload Under these conditions the virueide was required to demon

Asated by granm frm the Atom  Inend Commiovn Depanment of
D fense Department of the \rmy Clem al Gorp and the Reses ch and Devel p-
ment D 11 6 Office of the Surge 2 Cen e 1 1D parnent «f the Army

m
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these 1s more susceptible or can be sclectnely nacen ated and others Jeft
behind or are they all very much of the same resistance or susceptibihty

Dz Portsarn The question 1s whether there 1s ans difference i the senst
tnuty of the antigenic surfice molecules I would very much like to
answer that

The truth 15 that there are very few viruses for which these can be
separated rerdilh ind not enough work has been done on those thit can
be We are phinning to do some such work There 15 a difference m the
sensitany of the hemorgglunmin and the hemolysin and we think these
are surftce factors
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Chenneal Sterthization of Whole Blood and
Plasina with Beta-Propiolactone®

GERALD A LoGRIPPO A D and CI ARENCL L. RUPL, MD
(Detrost Michican)

Tn an attempt to satisfactonly stenilize whole blood and plisma over fon
chemeals were evaluated for their viruerdal activsny invitro These agents
can be dinided mto 3 general groups (1) chetmcal agents (2) phivsico
chenucal agents and (3) combinations of these ' 2

Since the hepautis virus was not avalable n the laboratory as a test
objeet vruses were selected which produce viremia in ammals are re
sistant to imactnation differ in chermcal composition and are mfectne by
a penipheral route Tw o viruses meeting these requirements were the MM
stran of mouse encephalomy ocardiis {MM) and the eastern equmne en
cephalomy elits virus (TFE) A third virus 1ymphacy tic choriomeningitis
(LCM) was selected because 1t 1s momately assoenited with the ervth
rocyvte and could be used to demonstrate the mechamsm of drug acrion
with certain compounds The 3 different virus test objects used 1n these
studies were (I) 2o per cent virus nfected tissuc m o per ceat serum
saline solution reduced to 1o per cent virus suspension v addion of
equal parts of drug solution (1) 10 per cent virus infected tissue 1n go
per cent ACD whole blood and 10 per cemt virus infected tsue i go
per cent ACD plasma and (1) whole blood and plasma obraned from
vieus mfected animals during the stage of viremia

In the prel v g of Is the agent was given eveny
opportunity to exhibit s urucxdal action by usimg a virus test object
(Number I histed above) contaming only 10 per cent extrancous proteins
when equal quantities of virus suspension and drug solutions w ere tuxed
Although 23 agents were found completehh effectne aganst 1 of the
viruses only those agents which were totally effective agunst  or more
viruses were selected for further study In test objects 11 and 111 only 1
part of drug solunon was nuxed with g parts of virus-infected plasma or
whole blood Under these conditions the virucide was required to demon

Assisted by grants from the Atormc Frergy C mmssion Department of
Defense Department of the Army Chem cal Corp and the Research and Devel p-
ment D ssion Office of the Surgeon General Dep tmene of the \rmy

3
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strate ats abtlity to mactivate all detectable virus in the presence of high
concentrations of etrancous proteins

Of the 600 compounds tested n the prelimnary screenmy, with 10 per
cent serum onlh 16 compounds d ated complete nactiation of

or more viruses These are shoun n Table 1 Of these 16 compounds
only the last § were effective 1n go per cent plasma and out of the 5 onlv
berr proprolactone (BPL) and sulfur mustard completels nactsated or
more viruses in go per cent whole blood Unfortunateh both of these
agents produce complete hemoly sis 1n whole blood at the mimmat effectve
virucidal concentranions BPL w s the drug of chotce for plasma steriliza
tion for the followmng reasons (1) It 1s water sotuble (2) 1t » less baz
ardous to handle (3) 1t demrades spontaneoush to relamels nontovc
substances (4) 1t 1 less deleterious ta plasma protems and ers throcy tes
at the virucidtl concentrations and (5) there 1s a wider margin of safen
between sirucrdal concentrations and tovsaaty levels for mtravenous

Tasie 1
DIEGRET OF \IRUCIDAl ACINVITY OF LFFFCTIVF AGENTS
AGAINST 10 PIR CFNT FEE AND 10 PIR CENT
MM-VIRUS SUSPLNSIONS
Inculaton 3, C per ™ hrs
Drug Comentratum (mg per 1) and
Diegree of Vsrss Iten wion *
10% Serum 90 Plasma - 90% W hale Bl i

CHEVICAI ACENT MDOYt (MFIOt (MEID)
Gh esdol 50000-C*  10000-P
Dimeths § amino-methy | 6-methoxy
4-chromanone HC 10000-C 10 000-P
2 2 dimethy | ethy lneimine 25000-C 25 000-P
I thy lnamne 2 500-C 2500-Q
N phenylethyleneamne 2500-C 2500-Q
Fthy] aceny lene dicarbosy late 5000-C 5 000-P
1 7 3 4-diepoxybutane 10000-C 5 000-P
Hi droquinone 25 000-C 25 0bo-P
p-Quinone 2000-C 2000-P
N-chloro-p-qutnone ?000-C 2000 P
Todme i KI « 500-C 2500 P
Bun lene oxde 3 G 32 500-C 32 500-P
Fth lene oide 20000-C 70000 C 20 000-F
Paraformaldehy de 5000C 5000-C 5000 P
fur mustard (propylenc gly col) 3 000-C 2000-C 2000-C
Sulf Sroprinc £y 20000C 300G 2000C

Bera propsolactone
= Quesvomatle B = Partal € = Complete
+ Aimimal drug conce tration
} Vimmal effective vireedal concemrat n
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Taste 2
DAES POSSISSING NO VIRUCIDAL ACTIVITY BY PIIOTODYNAMIC

ACTION AGAINST LLE, MM AND ICM VIRLSES
SCCDED IN 90 PLR CENT ACD PLASMA

Color Mavannm
Class Infex Name Rewction Absorprion
Awniler
1 Thiazol 813 Totan Yellow Aad 5665
. Anthroqumone 10 7 Ahzarm Aad
3 Quinone ymincs Kresyleche \ solet (Cresyl Basie 585
Voled) Nadl An 630
877 Pnlluant Cresyl Blue Basic 6318 (579 5)
875 Neutral Red Basic (weak) 576
841 Safrann D BRasic 530
878 Azocarmmne G Acd (540 5) 501
(167%)
4 Phenyl 07 Anline Bluc Acd 600
methanes 657 Malachire Green (Oxalare) Basic (weak) 616 (430)
Rosanihne (HCD asic 547
(Maoenra 1)
680 Mcthy] Y olet (\Mrxrure)  Basic 583
692 Aad Fuchen (Mesture)  Aad 545
677 Pasic Fuchsin Basic 539
68+ Methyl Green (Double  Base 6338
green
706 Methyl Blue Acd 607
5 \anthenes Arabrine
Mereurochrome 2°0
766  Fluorescen Acd 490
768 Fosin Y Acd 516
90  Aeofiavin (Trypaflsin)  Basic
6 Natural dyes 1180 Indigo Carmine Acd
1246 Hematoxvhn
? Alscellancous 38  Congo Red Aad 497
dyes 70 Chrysodin Y Basic 461
477 Trypan Plue Acid
248 Sudan 11l Acd (weak) 641 (590)
133 Janus Green Basic 5927
27 Orange C Aad 485
7 Prenc Aad Aad 360

5 Naphthol Green B

admmustration In addiion BPL has a wide virucidal spectrum having
mactnared all of the viruses agamnst which 1t was tested (a total of g i a1l)

A different namely a phyvsiochemical approach to virus mactnation
was artempted by making vse of the photods namic action of dyes 3 Here
Virus inactivation 1s more specific simce mactrsation oceurs only on those
protem particles on which the dve binds An advantage to thus approach
15 the small amount of dve required for sterilization tn comparison to
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strate yts ability to mactivate all detectable vyrus in the presence of high
concentritions of extrancous proteins

Of the 600 compounds tested n the preliminany screcung with 1o per
cent serum only 16 it Iv demonstrited pl inactination of
2 or more viruses These are shown i Table 1 Of these 16 compounds
onh the last 5 were effective 1n go per cent plasma and out of the 5 only
beta propiolactone (BPL) and sulfur mustard completely mactnvated  of
more viruses m 9o per cent whole hlood Unfortunmateh both of these
agents produce complete hemols sis 1n w hole blood at the minmmal effectne
virucidal concentrations BPL was the drug of choice for plasma stenhza
tion for the followmg reasons (1) It s water soluble (2) 1t 15 Joss haz
ardous to handle (3) 1t degrades spontancoushy to relitinely nontovie
substances (4) 1t 1s bess deleterious to plasma protens and ers throcytes
at the viruerdal concentrations and (5) there ss a wider margin of safety
berween virucidal concentrations and tovicaty levels for ntravenous

Tascr 1
DIGRIT OF VIRUCIDAL ACTIVITY OF FTIICTIVE AGINTS
ACAINST 10 PIR CINT THl AND 10 PLR CLNT
MAM-VIRUS SUSPLNSIONS
Ineutanen 31 C per 7 firs
Drug Coneentrusm (mg per 13 and
Degree of Virus Inxctearon
100 Sermn 907 Huomt 907 W nle 1

CHFMICAT ACENT Aot 1oy (MLIG

Glyardal 50000-C*  10000-P
Duncthy | amino-meehy [ 6 methovy

4 chromanone FIC| 10000-C 10 000-P
2 2 dimcthvl cthyknamme 25000-C 25 000-F
I thy kenesmune 2500-C 2 500-Q
N phenylethy kneine 2500-C 2500-Q
1thy | accey lene drcarboy late 5000-C 5 000.P
1 2 3 d-dicpovybutane 10 000-C 5 000-P
Hy droquimone 25 000-C 25 000-P
Quinone 2000-C 2000-P
chloro-p-quinone 2000-C 2000-P
Todine i RI 2 500-C 2500P

Butylene oxude 32500 C 32 500-C 32 500-P

Lt lune oude 20000 C 20000C 20 000-P

Paraformaldchy de 5000-C 5000C 5000 P

rd (propy lene gly col) 3000-C 2000C 2000C

Sulfar mustard (propy Jene gly R piioN ppuiag 1000

Beta propiolactone
+Q = Questionatle P = Partal = Caomplcte

4 M) drug, concentration
£ Muimal effecesse wirvoidal concentranon
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Teeee 2

DAES POSSESSING NO VIRUCIDAL ACTINVITY BY PHOTODYNAMIC
CTION AGAINST LIL MM AND 1CM VIRUSES
SLEDLD IV 90 PIR CLNT ACD PI ASMA

Color Mrvmmom
Class Iniex Name Rexction Al erption
Nunber
1 Thiazol 813 Tivan Yellow Aad 566 5
2 Ambroqunone 107 Ahzann Aad
3 Quinene munes Recsy lecht \ solet (Cress) Basie 58%
A 1oler) it An 630
8 Bnlliant Cresy1 Blue Basic 6318(595)
85 Ncutral Red Basic (weak) 5’
831 Safrann D Basic
88 Azocarmine G Acd (sw 1) 501
-m )
4 Phem) 707 Anilinc Blue Aad
methanes 657 Malachite Creen (Oxalate) Basic (weakh) 6I6 (430)
Racantline (LIC1) Basic 5
(Maecenta 1)
650 Methyl Vaoler (Mixure)  Basic 583
L34 Aed Tuchsin (\ixrure) A 545
67 lasic Fuchsin Basic 539
684 Mcthyl Creen (Double  Basie 6338
green
106 Mcthy] Blue Aad 607
5 \anthenes Atat rine
Mercurochrome 2 0
766  Fluotescon Acd 490
768 Losin Y Aad 516
790 Aenflavin (Trypaflavn)  Basic
6 Natura) dyes 1180 Ind go Carmine Acd
1246 Hematoxy hin
7 Miscellaneous 30 Con oRcd Acd 497
dyes 20 Chrysodin Y Basic 461
477 Trypan Bluc Aad
248 Sudan HI Acd (weak) (ﬂl (590)
133 Janus C reen Basic 9.7
27 Oranwe Acd 485

7 Piene \ad Acd 360
5 Naphtho) Creen B

admimstratton In addwson BPL his 2 wide viruaidal spectrum having
mnactnvated all of the vsruses against which 1t was tested (a total of ¢ 1 all)

A different namel a physiochemical approach to virus nactnation
was atiempted by making use of the photods namic action of dves? Here
sirus inactivation 1s more speaific since mactivation occurs only on those
protexn particles on which the dve binds An advantage to this approach
15 the small amount of dive requred for sterlizanon n comparison to
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Tanc 3
DALS POSSLSSING VIRUCIDAl ACTIVITY BY PHOTODYNAMIC
ACTION®

Degree of Virns

Crlor Name Marvnton Imets aton't
Infex Alsorpion
Nemler MV TCM FFF

92 Afethy lenc Blue Poly chrome 667 N € €
922 Methy lene Blue Chlonide 667 N ¢ C
972 Methy lene Blue Mcdicinal 667 N ¢ €
03 Azure 1t 681
922 Mix Gremsa and Methy Iene Blue 667 N € C
23 Ciemisa Mix Azure B predon

nating 652 N ¢ C
923 Mcthy lene Azure A 638 N Cc C
220 Thioma (Bluc) 602 N Cc C
925 Toludine Blue O 635 N Cc C

* Routinely screened at dye concentration of 10 mg per | agamst 10 per gent yirus
su pensicns 1n 90 per cens ACI plasma
=Nne G Complote

compounds which utilhze chemical action onh The procedure for the
routine testng of the photods namic action of dy es agunst viruses sceded
m plema follows A 5 ml volume ot dsc virus phsma miture 15 pheed
01 6o ml round bottle and stowly rotated for 1 hour an 1 mechacal
rotator at the rate of 1+ rpm while beng ireadinted with 1 1o watt
tungsten filament bul at 1 foot disence The rotaror 1 1 ept in m ce baeh
which muneans the plisma misture 1t 4 to ¢ C during ieradinon All
dves were tested 1t vo me per hiter drag concentration ag, unst 16 per eent
virus seeded 1n go per cent acrd artrate detrose (ACD) plasma because
Iugher concentrations usutlly interfere with hght absorption and photo
reaction

Tierey eight dves were tested for therr abuliny to nactnare 3 viruses
(ITE MA and ICN) These are hsted i Table 2 The dyves selected
represent 7 differene classes and were chosen because they have demon
strated photodynime activies i biological systems other than virus
seeded plasmt These agents 1lso represent fat soluble fluarescent acud
neutrt! mnd bsic vaneties of dves The 31 agents on this table demon
strated no virucidal actinaty agunst the 3 test viruses used However a
group of thrzine dv es under the class of quinoncinunes (hsted 1 Table 3)
were found to be very effectine virveides agaunst the LCM wnd FIT
viruses although they showed 7o virucidal action agunst the MM virus

Since the 8 dyes are either derivatives or mivtures of methy lene blue or
tolwdine blue these 2 dves were chosen for further studies Table 4
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Taete &
PHOTODYNAMIC ACTION OF MPTHILEND BIUL
ELF \ srus Seeded i Human ACD Blood

Varus
100-Wart Tun sten Tone Ter
Faloment Tt It butl () (Do) *
MethyJene Hue (10me per heer)
lasma
1 \irus control 30 76
Dye 15 00
3 Ihe 30 oo
Whole Hod
4\ rus control 60 72
5 Dhe 30 26
6 Die «© 22 (hemolysis)

Negauve ] ofd1 non

demonstrates the virucidal actinty of methylene blue tested agmnse FTT
irus seeded 0 human ACD blood Methy lene blue will reduce the virus
actnity s plasma to nondetectable quantities 10 15 mMinutes whereas in
whole bloed 1t has not completely inactivated the virus at the end of 6o
munutes By thus tyme there 15 marked hemolysis of the erythrocytes
Tolwdime blue on the other hand 1s equally effectnne in plasma and will
mactnate the virus completely i whole blood m 30 mmutes (Table 5)
This 1s true of arearaly mfect  as well as wruficrly seeded whole blood
In this system the margm of sifety between stertlization and hemolysis 15
too narrow  Although stenhization 15 obtained 1n 30 munutes hemolysis
begins m 30 minutes and 15 vers marl ed i 6o

Since tolurdine blue proved less deletenious to the ervthrocytes and
effective 1 naturilly infected blood 1t was also tested against the LCA
virus whieh s Lknown to be intmately associated with the erythrocytes
when the blocd 15 rahen from infected ammals Table 6 demonstrates the
effect ot tclmdime blue on plima washed bload cells and whole blood
obtume1 from safected guines pigs during the height of yvirena In plasma
the virw wa reduced tn nondetectable quantities in - o minutes w hereas
with w1 hed bloat cells and whole blood (o mmutes does not reduce
the virus gmrhaantly md 240 minutes 15 requiced to reduce the virus
< mpletels

Vhe phot hynamne dves are relztively nontovic at the drug concentra
e required d the procedare is sumple and ripid However they have
beun tound cffecuve agamst only 2 out of 5 viruses tested In addstion
stenhization s practical only wich plasma and even here the treated plasma
s turbid md the fibrmogen tends to clot on storage Worl with the
photods namic dy es 15 being continued particularly 10 the sterlization of
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Taser 3
DYES POSSISSING VIRUCIDAL ACTIVITY BY PHOTODYNAMIC
ACTION*

ree of Virus
Color Nane Maxnmem Inwn anont
Index Absorpuion
Niwler MV ICM EFE

972 Methy lene Blue Poly chrome 667 N ¢ C
922 Methy lene Blue (hloride 667 N C C
922 Methy lene Blue Medicinal 667 N € ¢
923 Azure 11 652
972 Atix Gremsaand Methy lene Blue 667 N C ¢
923 Gremsa \ix Azurc B predomt

nating 652 N C C
923 Methy ene Azure A 638 N C C
920 Thiomm (Blue) 602 N C C
925 Tolwdine Blue O 635 N € ¢

*Routinely screencd at dye concentranion of 10 mg per | aeamst 10 per ceat virus
suspenstons in 90 per cent ACD plasma
tN = None € = Complete

compounds which utthze chemical action only The procedure for the
routine testing of the photods namic action of dves against viruses seeded
m plasma follows A s ml volume of dve virus plisma muture 1 placed
1 a oo ml round bottle and slow Is rotated for 1 hour on 2 mechameal
rotator at the rate of 1 rpm while beng irradited with a 100 wart
rungsten filament bulb at 1 foot distance The rotator 1s hept 1 an 1ce bath
which mamntams the plasma muture at 4 to 9 C dunmg teradation All
ds¢s were tested at to mg per liter drug concentrition agnst 1o per cent
virus seeded 1n go per cent actd citrate devtrose (ACD) plasma because
hugher concentrations usually interfere with hght absorprion and photo-
rerwcuon

Thirty exght dyes were tested for their abiiry to inactivate 3 viruses
(EEL, MM and LCM) These are histed m Table The dses selected
represent 7 different classes and were chosen because thes have demon
strated photedynamic actaty i biological systems other than virus
seeded plasma These agents also represent fat soluble flvorescent acid
neutral and basic vanieties of dves The 31 agents on thic table demon
strated 1o virucidal actmaty againse the 3 test viruses used However 2
group of thazine dves under the class of qumoneimnes (listed in Table 3)
were found to be very effectne virucides agamnst the LCM and EEE
siruses although they showed 70 virucidal action against the A virus

Since the 8 ds es are erther dernvatises or mivtures of meths lene blue or
roludine blue these  dves were chosen for further studies Table 4
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Although the combmation of BPL and sulfur mustard 1s additne the
necessary concentrations for complete mactination of the MA 1irus offer
no advantare as tovc les els of sulfur mustard are sull required The com
binanon of BPL and ultraviolet irradinion has been most promising and
appears to be one of the answers to the stenlizaton of plasnat 4 07

Unfortunatels the present method for sterihzation of whole blood 15
not as satsfactorsy as that for plasma since the wrucidal concentratians
produce hemolvsis Figure 1 allustrates this problem Four of the most
promising virucides arc shown here with the concentrations required to
mactinate 3 different viruses seeded 1n whole blood The atrows point out
the concentrations at which hemoly sis begins as compared to the sirucxdal
concentrations for the respective viruses The wide varations between the
irucidal and hemols e concentrations of each chemical agent for cach
virus make st clear that no predictions can be made concerning the hepa
utis agent until 1t 1tself 15 srudied

Ahhongh BPL 15 mcluded m Tigure 1 some of nts umrue propertes
suggested that 1t might be possible with this drug, to avord hemolisis and
achieve stenlization 1f the ery throcy tes were separated from the plasm
and the tw o stenlized independentlv. There are § properties of BPL which
suggested a solution

(1) The concentration of BPL re quired for virus steriization 1s low ered
when the total protemn content 1s decreased This 1s Mustrated m Figure 2

VIRUCIDAL DRUG COMCENTRATIONS IN ACD WHOLE BLOOD
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Taser §

PHOTODYNAMIC ACTION OF TOLUIDINE BLUE

ELT \ irus Seeded i Human ACD Blood

T
100-B art Lienosten Tome Ter
Felamene 1ol Bidly (ot} LD
Tolurdine Blue (10 me per heer)
Plasma
1 \irus control 30 75
2 Dye 15 oo
3 Dye 30 00
Whole blond
4 \srys control 30 72
5 Dye 0 oo

* Negatuse log, of dilurton

TasLe 6
PHOTODYNAMIC ACTION OF TO!UIDINL BLUE
LCN M irus from Infected Guinea Pigs

Vorus
200 W ozt Feonresten Fenee Tuer
Falantent 1 oht Bl ) (LDD)*
“Tohudme blue (10 mg per hrer)
1 Plasm
() Y irus cenirot 20 43
) Dhe 20 00
2 Viashed Blood Cells in N Saline
) Varu control 60 28
(b) he 60 09 (Hemolys1s)
3 Wik Blood
(2) \ 1rus control 40 46
(b) e 60 1. (Hemolys1s)
() Ihe 120 06 (Hemoh sis)
) e 240 00 (Humal si5)

Negative | o of d luton

whole blood Howerer of the chemical and phy siochemical agents tested
1o date BPL continues to be the drug, of choice

In an attempt to enhnce structdl actrvaty of BPI below hemohzing
concentratrons 1nd thus make 1t switable for whole blood stershzation
combinatians of BPL with a2 number of agents were tested These were
qurrogen mustard  sultur mustard ethylene oude  cthylenemmime N
chloro p qumontmine  ultravioler wrradiauon  and tolmdine blue with

hnmchcmu.al action The virus used i the combrnatron tests was the one
most resistant to the respectne agenr VY ith the excepnon of sulfur mus
tard and ultraviolet irradution no additne or sy nergistic effeet w as noted



Clomneal Sterhization—R t1 [ ropiolactom 317

Although the combination of BPL and sulfur mustard 15 addune the
necessary concentrations for complete nactivation of the MM virus offer
no advantage as toxic levels of sulfur mustard are sl required The com
bination of BPL and ultraviolet irradution has been most promising and
appears to be one of the answ ers to the stenhzation of plismit 4567

Unforrunately the present method for stenbization of whole blood 15
not as satsfactory as that for plisma since the virucudal concentrations
produce hemohsis Figure 1 1llustrates thas problem Four of the most
pronusing virucides are shown here with the concentritions required to
mactnate 3 different viruses seeded 1n whole blood The artows point out
the concentrations at W hich hemoly sis begins as compared to the virucidal
concentrations for the respective viruses The wide varanions betw cen the
virucrdal and hemoly e concentrations of each chemieal agent for eich
virus male 1t clear that no pred can be made g the hepa
titis agent until 1t seself 1s studied

Although BPL 15 included n Figure 1 some of its unique properties
suggested that 1t might be possible with this drug to a1 01d hemolysis and
achieve stertlzation of the ersthrocytes were separated from the plisma
and the two stenlized independently There are 5 properties of BPL wlnch
suggested a solution

(1) The concentrition of BPL required for irus sterdization 1s lovuered
wben the total protemn content 1s decreased Thus s llustrated in Figure 2

VIRUCIDAL DRUG CONCENTRATIONS IN ACD WHOLE BLOOD
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ahk Viras Ters { tog 10)
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Fice 2 The effect of vanng protem concentrauons on the virucrdal acnion
of beta propiolactone (BPL) Lach point <n the curie sndicates the drug
concentraten at Which the virus uter 13 reduced 1o nondetectable quantities

where the per cent plasma s plotted aganst the drug concentrimion
required for total incenaoon of I CM I\ and | LI viruses W hen the
wirus titer 15 hept constane and the total protemn content vaned the BPL
concentration required for complete virus mactis 2tion v wes directly with
the amount of protein present 1e the lower the protein content the less
the amount of druy, required
(2) Figure 3 demonstrates the second properts te itle concontrition
of BPL roquired for trus stentliaation 1 lo.cred when the  ieus titer 15
dmmnished Here the plasma protein contenr was hept comstane and the
surus uter varted by tenfold dilutions from 10~ to 10- This pomt can
be best illustrated at the drug concentration of 1000 my, per lter where
a virus titer of 107% shows complete maction of 4 logs whereas at 1™
and to~! (which are 5 and 6 virus logs respectinely) the virus is not
completels mactisated In other words the Jower the virus titer the Jower
the drug concentration required to reduce the virus to nondetecrable
quantities
(3) T/e bydrolysis of BPL as mewsured by totdd ntrarsble acid lags
bebind the rate of irus macts ttion (Figure 4) The virus urer 55 plotred
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Ploure 4 Complete varus wnactnat n 15 accomplished before the half 1 e of
eta prop olactone 2§ to 32 moutes at 37 C {not indicated on the figure)
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aeunst the tune required for mctnaton wiile the tota! actdity 15 indt
ctted on the right Three concentrations of BPL are shown here (1000
eoo and 3000 mg per hter) Complete virus mactinaton 15 obtaned
before the half hic of the druz { 8to 3 nunutesat 37 C) when adequate
concentrations of BPI are used Since the struses are mactnaced before
the bulk of the acid 15 formed the ervthrocvtes could be removed at
approumatehy the half hfe of BPL wthout meerferig with stenlization
and mvording the deleteniows effects of evcess aeid
(4) This 1s possible becrse BEL snrcts ned  truses are wrevernble
(Figure 5) The sold line marhed with arrows indicates the rate of MM
urus macenaton while the highter sold fne shows the inetic rate of
hvdrolvsis of BPI Sodium thiosulfate will combing with BPL mole per
mole and stop Virus inactisation At the tme intersals mdicated by the
:n-m\\s Aliquots of the phsma virus drug mnture were removed and
thiosulfate added to t pletely with the total amount
of BPL present These ahquots were then assaved for virus acuvin at
3 and 4 hours indicated by the dorted hines The neutrshzation of BPL
by thiosulfate 15 clearhy shown in aliquots 1 and  The irreversibiliny of
Virus nactivation 15 demonstrated by the fact that n no ahquot did the
s1rus titer rise sigmficantly W hat 1 more important from the standpoint
of stenlization 15 the fact that after the quarter life of BPL the addition

1TY OF MM VIRUS INACTIVATI
12000 mgf BPLINIMA MM V1 #Se 4 ISR ACDR m 135D

s 15 0 45 69 %0 130 180
TIME IN MINUTES (B 10)

The srreversibiliny 15 demonstrated by the effect of sodwm thio

FIGLRE §
3 neutrahang agent upon the wirucidal action of bets propiolactone

sulfate
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of sodiam cuosulfate does not dissociate the bound BPL nor prevent
sterjhzanion s 1s demonstrated i afiquot Lurves 3 4 and 3
(4) The tinal propeens of BEL which we need vo consider 15 that the
warucidal effect of BEL s mdeper dent of pH e els Thigure 6 demonstrates
this propesty It can be seadiv seen thae repardless of whether BPL
reacts through a2 pH range of g 2 to 6 8 or 6 8 10 4 9 there is no significant
change 1n the rate of virus mactvaunon The pH of the mednim ean thus
be adyu ted to that which s feast deleterions to the ey theoevees
One of the problems m using BPL s the acid products of hydroly ses
The standard ACD solunion used 1 the collection of blood 1s also aesdic
Dr Strumm s aitrate dexerose lactose (CDL) solution which is atkhaline
not only proved ro be 3 berter reactmg medum for BPL bur also
creased the osmotc resueance of the treated enythrocytes and subsian
valls lowered the per ecat hemolysis on 21 dus of storage (Tigure )
Ho veter even weth the wer of COU solunion voo g pex ltex of the
drug tannot be exceeded without producing hemalysis This concentra
non 15 sl not sufficient for the stenfizanon of whole blood By tling
advantage of the propernies of BPL and by treatg the erythrocy tes
separdtely a steniltzing concentranon {1e 4000 mg per hrer of BPL) can
be used withoue producing hemolysis of the treaement 15 conducted at

38
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ADVANTAGES OF CDL OVER ACD SOLUTIONS [N THE CHEMICAL STERILIZATION OF
ERYTHROCYTES

Acid-Clirate Dextrose (ACD) : Citr te Demrose Lact e (CDL)

26 1% g
Key

¥ [Jhon tee ted Enprocytes
o

BPL Treated Erythrocytes
L
¥
s

DAYS DAYS

Fruxe  In vutro effcct of beta prep lacrone ( 00 me per liter) on hemolvsis,

4 C. and the ervthrocs tes remos ed before the half hfe of the drue The
apphearion of these prnciples 1s demonstrated 1n Freure 8 It can be seen
that, when equal volumes of pached e\ throcy tes and BPL at 2 concentra
tion of §ooo mg per liter are mived, the drue concentration 1s reduced to
4000 mg per hiter the plisma proteins are decreased and the virus urer
dumnished This drug concentration 1s required 1f the virus actan s to
be reduced to zero before the half Iife of BPL which 1s 16 hours at 3 G
By removing the en throcites by the half hie and resuspending them m
an equal volume of CDL solution the drug concentration 1s further re
duced to  oco mg per hrer which is below the hemohvtic concentration
Having treated the er throcvtes with virucrdal concentranaons of BPL
and having obtamned satisfactons 1n s1tro results, 1t remained o extend the
work fo 1 vivo survival studies n man
In the preparanion of the enthrocyvtes for transfusion, 1 volume of
pached cells ( 5o to 300 ml ) was combmed with 1 solume of CDL solu-
tion contaiming Booo mg per hter BPL This mature was mamtamed at
4 C. for 8 hours the cells were then sedimented the supernatant flwd
removed and equal volumes of CDL solunton agam added The mnture
was then allowed to remamn at ¢ C. for 48 hours m order to obtam hy
droh sis of ressdual BPL Just before transfusion the supernatant fld was
draun off the cells brought to room temperature and the packed
ervthrociytes (appr h 50 ml) ad ed to the recipient.
The results are shown in Fieure ¢ The Ashbv count method for 1n
o survinal of er throcytes was used These deternunations were made
by Dr John Rebuck Division of Hemarologs - Although of the 4 trans-
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fusions show rapid disappesrance of the cellsin 4 to 48 hours the rematn
mg  show fair survnal rates up to 14 days m o The poor results m
recprene WP could not be re evaluated with an untreated transfusion as
e expired 3w ecks later with an extensise carcimoma of long duranion
Recipient M B was a case of renal tuberculoss and the mmal count
showed rapid disappearance without a factory transfusion peak A
total of 4 transfusions 15 too few from which to draw any conclusions at
this ime More chmical daca must be accumulated using the principle of
treating ery throcy tes with BP! and remosal before the half Ife

Suantary

After testing 2 large number of agents BPL (beta propafactone) was
shown to be the most pronustng virucide for chemical stertlization of bio-
lagical matersal at the present time® # 10 211 13 |t has mactnated the g
Jaboratory +iruses thus far used as test obyects and 1t s lughly effecmeas
a virucide 1n the presence of large amouns of extrancous protom BPL can
be used to stershze plasma but the combmanion of the drug with ultra
siolet trradiation 15 even more promuing W hale blood cannot be satsfac
tonily treated with BPI bur by taking adsvantage of some of 1ts properties
and by treating, the ery throc tes separately 1t was possible to use virucida
concentrations of BPL wthout producing significant hemols sis

The tn srvo sunvnal studses though not as encouraging warrant con
unued clinical evalyanon The fact that clintcal trial s now possible affords
the means of determining the efficacy of BPL agamst the hepatits virus
as 1t ests 1 blood collected for chinteal use
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fustons show rapad disappearance of the cells in 24 to 48 hours the remamn
mg z show fair survsval rates up to 14 davs 1 vnvo The poor results m
recipient WP could not be re evaluated with an untreated transfusion as
he expired 3 weehs Jater with an evtensive carcinoma of Jong duraten
Reciprent M B was a case of renal tuberculosis and the nitia] count
showed ripid disappearance without a sausfactory transfusion peah 4
total of 4 transfustons 1 too few from which to draw any conclusions 2t
this tme  More clinrcal data nrust be accamulated using the priciple of
treating ery throcy tes with BPL and remoyal before the half Iife

Svanary

After tesung a large number of agents BPL (beta proprolactone) wa<
shown to be the most promising virueide for chemacal stenlization of bio
logical material at the present time® ® 10 11 1 13 [t has jnactn ated the 9
laboratory +iruses thus far used as test objects and 1t 1s hughly effectneas
a virucrde m the presence of large amounts of extrancous protems BPL can
be used to stertlize plasma but the combination of the drug with ultza
violet 1rradiation 1s even more promising Wholc blood cannot be sausfac
tortly treated with BPL but by taling advantage of some of its praperties
and by treating the ers throch tes separately 1t was possible to use virucdat
concentrattons of BPL without producmg sigmficant hemolysis

The 1n v1vo survnnal studres though not as encouraging watrant ot
tinued chnical evaluanon The fact that chinical trial 1s now possible affords
the means of determiang the efficacy of BPL against the hepatitis varus
as 1t eusts 1 blood collected for chnical use
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The Toxicology of Beta-Propiolactone*

ANNETTA R RELLY PuD FRANK W HARTMAN MD
and CLARENCE L. RUPE, M D

{Detrow Michugan)

The presious speaker has discussed cerrain charactenistics of the bio
Yogical acenaty of beta propotactone (BP1 ) winch male it an mngwing
and promusing virucide lts potenualities as a stenlizing agent for blood
plasma artenia) homografts bone transplants vaccines and foods have
necessitated a entcal toveiny, evaluation of the compound which is sull in
progress This study has disclosed certan charactenstics of BPL with re
spect to 1ts aqueous reactions and the properties of 1ts end products which
combine to make st almost rdeally sunted toxicologically as a stenbaing
agent for biologicals

CueriisTry of BrTa ProPrOLACTONF

BPL 152 table hqud which reacts readily with hvdroxs1? carboxy 12
sulfhy dryl ¥ amino * and phenolic groups 3 all of which are associated with
protens It hy drolyzes rapidhy and completely 1n squeous solutions and
disappears much more rapidly m plasma than i water (Figure 1)

The chemustry of BPL myvolves ning opening at the alhvl or acvF oxygen
bond (Figure 2) Opening at the alks 1 bond generally invobves 1ome re
actions which occur most readily n water and result m the formation of
beta substuituted propronic acids (Figure z Reaction 1) 8 7 In reactions
with © g per cent sodum chionde approamtely 3 per cent of the added
BPL 1 conerted fo g chloropropionic acid In plasima smaller amounts
are formed amounting to onls 2 to to per cent of the total added

Opening of the rmg at the acv] oxvgen bond produces dernvatives of
hydracry hic acid (Figure 2 Reaction 2) 7 * At least 70 per cent of the
mutial BPL added to plisma can be accounted for by the formation of
hydracry lic acd

Although pure BPL 5 stable for relaunelv long perioads 1t 15 readilv
polymenzed when catalyzed by acids bases and certam sals® In an
aqueous mediom the palymer molecules formed contam beta hy droxy

This mvestigaton W as sted by grants f om the Atomic Tnergs C mmission the
‘\) ft:‘:ﬂxrﬁ;‘lmmnnt on and the Research and De ¢l pment D 1100 D partm nt

3s?
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°
1) CHACHCa0 + NaCl ——) Ci=CH, CHC O Ko
o

Feropcl o ¢ sad mBen p p ate
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2) CNI.CNI_C O + HOH —) Nﬂ‘CNZ-CNz'C N
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20)  HO-CH=CH-COOH + X CHZCH~C 0 ——
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Mdocyle cd

——— HO—CHzCHy C=D-O(CH-CHCOO) H

hydacylc ocd p fym

Fierre 2 Reacuons of beta propiolactone during hs drolysis i aqueons solu
‘nons

[ainsarararucers

2 o2 So- No 1 HA [Polym }
“ - s
I~ o = No 2HA[Mo m }

Fitre 3 Reproduction of a chr matogram demonstraung separation of 4
polymers from a 8 p © cent aqucous solunn of hydracrylic ac

The extent to which polymer formaton occurs was found to be di
recthy related to the concentration of BPL undergomg hydrolysis (Figure
4) Only solutions more dilute than 1 Gm per cent (where one mole of
BPL 1s reacting with more than 390 moles of water) are essentally free of
polvmers Since the highest BPL ¢ emploved 1n stenl
plasma 15 only 06 per cent 1t 15 unlihely that hydracryhic acid poly mers
form to any significant extent 1n such plasma
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Frctre 1 Hydrolysis rates of beea proprotacrone (4000 g per htee) m % ater
and plasma at 37 C

end groups exclusnely The fst step appears to be the tormation of
hy dracry hic acid (Figure 2 Reaction 2) which then reacts with another
molecule of BPL to form a dimer regenerating the carboxs ! end group
Contmuation of this pracess produces higher molecular v eight pob mers
(Figure z Reaction A)

Detection 1solation and quanutation of hydricrvlic 2eid poly
solutton was plished by ch graphic and cf 1 technig
The chromatogram reproduced m I 1gure 3 shows the moromer and three
poly mers ssolated from a solution of hyvdracrs hie acid utratng, 8 Gm
per cent The monomer 15 the spot labeled 1\ aad 1ts concentration »a
found to be as titrated However the actual total hy dracry hie actd con
centranon when polvmers were included was considerablv tugher —
75 Gm per ceat The relane R(s of the polymers and the probable
Wdentification of dimer trimer and tetramer are indiated n Figure 3

mers 1n
LS
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1 Tue Acure Tovicrry oF BPL avo Irs Drcranstiov Propucts
Undegraded BPL The comparative species tovcits of undegraded BPL s
summanzed m Figure § Intravenous LDges range from 345 mg per hg
in the mouse *! to go mg per hg 1n the dog 11 33

Degradation products Huvdrolysis of BPL produces 2 marked reduction
i toviciry The intravenous LD o s of the BPL degradation products show
hule species vamation (Digure 5) ranging from 17 to 19 Gm per Ry
for sodum B-chlorepropionate and from 20 to 24 Gm per hg for
sodum hyvdracrylate the major degradation product '

The acute toucities of the end products are affected by the state of
hydraven of the animal forced hyvdration allowing animals to tolerate
LD 4, and dehydration causing a sigruficant increase 11 tovicity

The degradation products are only one half as toxic orally as intrave
rouslv therr LD os beng spprounutely 5 Gm per kg (Table 1)
Hhdracrilic acid 15 closely relared structuralls to the natural metabolite
lactic acid differing only 1n the position of the hy droxy ! group (Table 1)
It 15 interesting to nore that the 1 D s of the end products and lactic acad
are quite comparable (Table 1)

Single near lethal intravenous doses of both degradation products pro

COVPARATIVE SPECIES TOXICITIES OF B PROPIOLACTONE
AND JTS DECRADATION PRODLCTS
MOUSE
#assIT oo ¢

£
cunea IG Lo

2000 2500

0 7500
L85 - NG /KC.

s §
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300} '™ EFFECT OF BPL CONCENTRATION ON THE % OF WA POLYMERS
FORMED DURING HYCROLYSIS

~pPLCo o 1o {Gma %}

MOLES H,0 REACTED WITH I NOLE BFL

I} Il Il
o 20 307 40 30 3] 70 80 90
WA POLYMERS (% T 1 ( HA}

FicLu 4

Torworocy or Brra PRoi101 ACTONE
The first phase of the toxictry evalvation of BPL was concerned with
assessing the acute and chronre tovicities of the undegraded compound
and 1ts end products in four anmal spectes The degradatron products
were studied both by 2d ng, the pure I ds and bv obsers
ing the effects of massive chronic nfusions of treated plasma
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BPL (aqucous solution) Chromic mtravenous admimstration of unde
graded BPL produces marhed cumulative toxicity 1n all animal specses
Weght loss and necrosis of the kidney tubules and hver are the major
findings 13 14

Degradation products (agueous solutions) The degradation products
show hetle tendency toward cumulition 1 any species The only cumula

tive effects obsersed have concerned the platelets of the mouse and
rabbie? The lower half of Figure 6 tllustrates that large single equmolar
doses of hydracrslic and 8 chloropropionic acids are each capable of
producing an over all decrease m rabbat platelet count even when counts
are corrected for blood volume changes Hyvdracryhe acid 1s the more
potent 1n this respect However differences between the o compounds
appear with multiple intravenous smjections of the same doses (Figure 7)

Studses of platelet morphologs with the electron microscope indicate that
B chloropropionate causes a rapid disintegration and disappearance of the
aging platelet generation and although new cells are entering the ciren

lanon there 1s a small steady dechine m count after each ijectson if the
compound 15 bemng adnunsstered dah The 1nttnal mjections of hydra

PER CENT OF INITIAL CONT:

PLATELETS

172343676 9101t2 34564718 9202 222352425
HOURS

Fiovse 6 Comparison in the rabb t of effects on pl telet counts prod ced by
farge s ngle equimolsr doscs of each F the two degradaton products
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Taste 1

COMPARISON OF I\ AND ORAl TOMCITY OF
BPI DIGRADATION PRODUCTS

Vouse LD
Compoun? Oral—mmg kg 1V —mg /kg
CH.CI-CH~—COOH 4850 & 117 1900 20
$chloroproptonic sed (n CcPa)
CH.0H—CH,—CQO01 5250 338 24008
g-hy drox 6pmpnomc md (HY)
CH~CHOH—CO 30204610 2200

a hydrot proptomic acrd (LACTIC)
Range of lirerature figures

duce changes which appear to be due primanih to the hypertomerty of
the injected solutions Diuresss tharst marked flurd and electrolsre dis
turbances and electrocardrogram changes associated with hy pen olemi
are observed acutelv In the dog and rablut transient depresston of the
numbers of circulating Iy mphocs tes and monocs tes are obseried with a
compensatory increase m neutrophiles and a shghtly elevated total count
With lethal doses of g chloropropronic acid disintegration of 1y mph node
germinal centers has been observed if the ammmal survives at least 18
hours 12

II Tue Curonic Tostarry o BPL anp Its Decraparion PropucTs
Table 2 summarizes the procedures and tests upon w hich assessments of
the chronic smmal and human tovicity of the degradation products and
treated plasma have been based
TapLr 2

LABORATORY TISTS FORMING BASIS OF
CHRONIC TONICITY LV ALUATION

Test Anpmad - Human Test A Human

Complete hemogram x x T’Tml turbidiy
Platelet count < x loce x x
Sedimentation rate x A G x <
Hematocrit x Cephalin cholesterol
Bleeding ume x x
Clotung tune x Blood urca mutrogen <
Clot retraction A NPN <
ILRG x x Urea clearance x x

eight x Blood sugar x
m x‘v‘mE x Serum Na* h+ CI= x
Unnalysis x x Unine Na* h* CI- t
“Tissue pathology at Urine pH x

* x

autopsy of sacrifice
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as  per cent of the dier doses of 4 Gm per hg or 75 per cent of the oral
LDjo were mgested datly for nine months without significant tovicity

Degradation products (adwmmstered to anmrils in BPL trexted phismi)
Becuse of the probable formation of protein addition products which
could not be studied indin1dualls the final and most crucial test of tovicity
came from the chromc administration of BPI treated plasma mn vanous
ammal species 101 1418 and man 11 ! 1438 As far as phtelet tovety 15
concetned the major effects obser ed are due to hndracry late since s
present in plasma at a level approximately 30 times that of the chloro
dernatne

A summary of some of the massiy e dosages of BPI treated plasma w buch
have been admimistered to ammals (Table 3) and man (Table 4 and
Table §) without encountering toxictty should promote a better apprecia
tion of the small amounts of breahdown products present and allow a
more accurate estimation of the potential tovicity

It should be noted (Table 3) that even when muce receised in g davs 2
volume of plasma (treated at 60 Gm per lirer) which would be equiva
lent on a weight basis to 38 T n the humwn the dosage of sodum
8 chloropropionate admunsstered was only 65 mg per hg this amount
15 equal to only 3 per cent of the LD 4 of the compound Although an
LD 4 of hydracry late was admunsstered 1n this plasma over a g-day period
1o evidence of tovitity was encountered

Rabbits recerved n g davs the human equialent of 16 liters of plasma
treated with 40 Gm per Diter of BPL The dosage of the chloro dernva
tve was neghgible (Table 3) 2nd the hydracrylate amounted to only 70
mg per kg per day

Full grown dogs recened dah  for zo days the human equnalent of
sooml of homologous plasma (treated with 4 Cm per liter of BPL) The
amounts of degrad. products ad; d were relaely small
(Table 3)

Litter mate puppies recersed the human equuialent of 250 ml of treated
homologous plasma per day from 3 to ¢ months of age without detectable
tovieity (Table 3) Slopes of the growth curies of treated and control
animals were 1dentical (Figure 8)

D

products ads d to mm m BPL treated plasma As
S00m a5 ammal tovieiny, data indicated an adequate margin of safery
chinical admunstration of BPL treated plasma was imtiated For the past
five and one half years the tovicologic evaluation of the degradation
products m man has been 1n progress 't 1 1 18 In che absence of hnowl
edge of the LDyop of BPI for the tirus of serum hepatitis 1t has been
necessary to v estigate the human tovicity over 2 wide range of treatment



394 Prezention — Clonncal and 1 bysical Agents
:

G120 TV wEeTo tou o andosts
DYNTEN

Sned  amuwe h
L

x

20 L e et - 208
- )
2

13 - K
co s Tt

BLOOD PLATELETS ~ PER CENT OF |

Tes—
1234

s L 1 1

S 6 7 B 5 10 1 12131 (5671819202 22
DAYS

Ticure , Comparsson 1n the rabbre ¢f the effects on plateler counts produced

by multple dnly equimslar doses of the two degradation products

crylate also cause distntegration and removal of old cells but soon each
successtve imjection appears to have less effect on platelet numbers be
cause the cumulatne effects are being mashed by stmuleancous platelet
fragmentation Tinally 1f mjections continue some rabbits show massié
platelet disintegration accompanted by an anaphs lactic type response
presumabls caused by the massne release of histamme from the dsinte
grating platelets Nether compound siymificantly affects bleeding tume
cloeting ttme or clot retraction because platelet numbers remain adequate

B chloropropiomte doses equnalent to 75 per cene of the LD o have
been administered to mice dubv for 38 davs without effect on platelet
numbers Houever the role of the spleen 1 remos ing njured cells can be
demonstrated 1n that splenectomized mice on the same dosage schedule
showed a signtficant increase over control plarclet counts and over the
counts of splencctomzed mice recen ing saline Doses of g chloropropion
ate below one fifth of the LD , have no demonscrable plateler effects 1o
the rabbir

In the mouse daily doses of hydracr late equivalent to 75 per cent of
the LD o admmnistered for 38 davs produced a 4o per cent ris¢ i plate
let count One half of the LD o was without effect In the rabbit one third
of the LD o of hydraery late produced plateler effects but one fourth of

the LD o did not
In chrowc feeding experiments 1 which by dracry late was admimstered
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concentrations Plasma BPL treatment levels ranging from oo to 6000 mg
per liter have been evaluated and n addition during the past year plasma
treated with BPL 1n combunation with ultraviolet rrradiation has been fol

lowed clincally (Table 4)

A total of 414 patients have recened 1153 transfusions of treated
plasma or 2 volume of 290 liters (Table 4} A high percentage of the
recipients were children and 85 per cent of the infustons were treated
with BPL concentrations of 3 § Gm per liter or higher No evidence of
acute or chronic tovicity or cases of serum hepatitis has been encountered
Admimistration of plasma treated with the BPL uktraviolet combimation
has been uney entful

Prouimuty to tovic levels of degradanon products can only be detected
by studyving the maximum volumes of plasma admunistered with respect
to the dosages of these maternls present (Table 5) The maumum total
plasma dosage admmustered 1n a single hospital admission was 360 ml per
hg (treated at 5500 mg per hiter of BPL) which was given over a so-day
pertod to an mfant 11 weeks of age (Table 5) Thus also represented the
maximum total dosage of degradation products admini tered — 1386 mg
per hg of hydracrylate and 39 mg per kg of 8 chloropropionate How
ever the highest dulv dosage of the degradation products was recened
by atwo 1nd one half year old nephrotic who wasgiven 271 mg per kg
per dav of hydracrylate and 7 8 mg per hg per day of 8 chloropropion
ate for daysin plasma treared with 4500 mg per liter of BPL (Table 5)

Although large total doses of hvdracrylate have heen administered
cquinalent to almost 70 per cent of the animal LD 4, 1t 15 evident that the
maumum 24 hour dosage m man has not yet reached 15 per cent of that
figure No platelet effects have been observed mn the human or dog

Tt1s not really feasible to calculate a Therapeutic Index for BPL treated
plasma because the effectne virucidal concentration aganst the hepantis
virus 1s not known However 1if one assumes an effective treatment level
of 3500 mg per liter 2 liters of plasma should be able to be admunistered
toa 7o hg man within a 12 hour period with an excellent Therapeutic
Index of 21 (Table 6)

NI Tuc In Vivo Fate or it BPL Decrapation Probucts
With the gradual elevation or the BPL treatment level and the ad
minsstration of treated plasma in patients with possible pre evisting liver
or hidney damage 1t became essential to s estigate the degradation prod
ucts m terms of their distribution n the body and their sites of detovica
tion and modes of excrerion

Urtnary excretion of t1e BPL degridaton products VY hen the excretion
of sodwm g chloropropionate was studied 1t was discovered that there 15
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Tane 3

MULTIPLE BFTA-PROPIOI ACTONF TREATID
PLASMA TRANSIUSIONS IN ANMALS

Human Brt 8 Clidaro- he Aad
Plasmy E%:: alent Treatment propumue Hydraeryhe Aol
Dosage sage Led g kg mg /by mg /hg A1y
Mouse.
900 cc /hg
(15 davs) 63 L 1500mg /L 27 945 6
600ce ke
(11 davs) 46 2000 26 840 76
660cc Ay
(11 days) 46 4000 53 1680 153
540ce /hg
9 days) 38 6000 65 2768 254
Rassr
450¢c /hg
(1mo) 32 2000 18 630 21
225¢c kg
9 days) 16 4000 18 630 70
Doc
1Hce hg
(20days) 10 6000 17 605 30
S0tcc hg
(168davs) 33 3500 35 1235 7
(Puppies)
TasLe 4
BETA-PROPIOLACTONE TRI'ATED PLASMA
TRANSFUSIONS IN MAN
March 17 1951-July 9 1956
P, 1 olume
BPL Toul Mo of  Average Pl } O
Treatment Plasma No of Trans Per Trms Fer
Level Adnumstered  Patients Justons Juston Ptient
mg /lter liters ml ml
850—1000 984 6 148 665 147
2000-2500 161 13 37 435 1719
3500 335 58 217 154 ;;;
uv 241 31 87 217
35004?-00 560 m 393 143 49
$500 445 87 197 221 st
6000 170 9 74 230 436

Jotals 2896 4 1153
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I3 ADMINISTRATION OF PLASMA TO
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an n1no conversion of this compound to hydeacry late Within 10 hours
approxumately 6o per cent of a large intrayenous dose of sodium B chloro-
Ppropionate is excreted but one half of it onlv after undergotng conver
ston to hydracry hte (Figure o)

Excretion plays an mportant role 1 the fate of large ttrasenous doses
of sodum hy dracry late (Figure 10) Excretion of one third of the LD o
in the dog 1s very ripid 4 per cent of the total dose appearing i the
urine within - hours Excretion 1s essennally complete at ro hours and ac
counts for approvimately 77 per cent of the admumstered dose (Figure
10) At such lugh dosages metabolic trinsformation cannot account for
more than 10 to o per cent of the admimstered dose

Comparative rates of hydracrs late excretion were studied n 2 species
along with the effect of dosige size on excretion race The excretion rates
of 4 different intrasenous doses m the dog rangng, from 259 to yo0 Mg
per Kg are shown m Figure 11 Plasma decay curves for one dog (num
ber 26) are plotted following administration of both a large and small
dose on separate occastons  Also included are the excreton and plasma
concentration curves of a threc fourths LD o of hydracrylate m the
mouse

In the dog 1t was found that regardless of dosage approximately o per
cent of the dose of hnvdracr late was excreted m tvo and one half hours
(Figure 11) The percentages of the tocal dose accounted for by e\crctlxlor;
range from 58 to 77 per cent with lower toal recoveries for the smalle:
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Tastr 6
MARGIN OF SAITTY
BiI Caleudrtel
Treument T lerspeutic
Plagms V olume Ird Weroht Intex
2hiters/12 he perind 4500mg /1 70Lkg man

"
{Bascd on dov LDsd

dosages The it} exeretron rate 1s much more rapid m the mouse thin
the dog and 5o per cent w1s everered i the firt hour 7

Renal clearance studics were performed an the dog by the usual con
stant infusion techmques The everetion pittern of hvdraen hie aod wis
found to closcly resemble tha of wrea Irs moleculr weight and diffusion
constant lie beeween urea and creinme At flow rares below 1 s ml per
Al per munute the by drace late clearance 1s approvimately proportronal
fo the squarc root of the flow 1 ych larger unine flows the rate of evere
ton 1s directly proportiontl to the phisma In draces lte concentration At
2 unine flow of 10 ml per M per mtnute the clearance i the dor &
48 ml per M per mmute while wrea 1 41 and creatimne 84 Howeser
hvdraers hie aeid clearances ean rexch figures as high 1s go becomng equal
to the creatimine clearance wherets uret never approaches the glomerutir
filtration rate

Tusue distribution of hydracrylue Blood and tusue distribution studses
were carrted out m muce wicnficiag ks at <anous nten als followne
an mirnenous hyvdracr e doswue equnalent to three fourths of the
LD Time concentration curves were abruned simulrineousts for blond
lidnev  bran spleen and Iner (Figure 1) In each case the blood
hydracey late 15 represented by 2 hine 1nd the respective tissue by a dot
All ussue drug levels reproduce i general che slope of the blood decay
cune However the compound tends to concentrate m the 1idney at
lexels hugher than those m hlood Results were aho evpressed as tissue
blood concentration ratos m order to determme w hether 1 gren ussue
tended to differentially remove and concentrate the agenr It will be seen
(Figure 13) that thraughout the cntire excrettan period of hy dracrs lare
hidoey levels mnvarabh exceed the simultaneowshy deternuned blood con
centrations '7 A constant bver blood i dracey hie ratto 15 established
within 4 minutes after injection che bver conceneration being onhy o6
that of bload

The blood and tissue distribution of sodium hy dracrs lace 1n the monse
15 summanzed 1 terms of percentage of che total dose admumnistered  The
distributton curves for unme blood and wssues are plotted for the first 3
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FFFECT OF SODIUM HYDRACPYLATI ON SUPVIVAL TIME
FOLIOWING PHATIRAL NMPHRICTOMY IN THE MOUSE

Mean Sur 1 al ¢V e
Craup Tome = D Letecen
Stundvrd Freer Ve e L
Bilateral
“Nephrectomy 166 Hrs
+ 1) 1483
Salne ™
Bilateral
Nephrecromy
1715 2539
Sod Hy dracry late (£318)
DOST 3000 ne, hg
(owee LD )
(2hrs po cop)

(1) Beta propsolactene hydrolyzes ripidly and completely mn aqueous
solutions

(2) The end products of ws hydrolysis are structuralhy related to
lactic acid are of low toucity and show lutle species vamaton

(3) The major degradation product hyvdracryvlic acid 15 both metabo
lized by the liner and excreted With large intravenous doses raprd ex
cretion can account for as much as 8o per cent of the total dose Large
doses have a dwretic effect and with high urine flow rates the excretion
rate 15 directly proportiomal to the plasma drug concentration These
factors account for the strihing lacl of cumuhtion displayed by this com
pound

(4) It has also been demonstrated that there 15 an additional margn of
safety 1 the fact that the liver 15 capable of metabolizing increased
amounts of hydracr lite 1n the presence of renal msufficiency

During the past five and onc half years a total of 414 patients have re
cenved 1153 transfustons of beta propiolictone treated plasma or a total of
200 liters No evidence of acute or chronc tovicity sensitization or cases
of serum hepatins have been encountered

RI FLRCNCES

t Greshun T L Jamsen ] E Shaver F W Gregory ] T and Beears
WL BPruplolac(une V' Reacucns with alcohol | Am Clem Soc
70 1003 1948

2 Gream T L Jansen J T and Shaver T' W B Propiolactone 1V Re
actions wuth salts 1wt b ad ] 4w Clem Soc 70 1003 1938
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postinyeetton hours (Tigure 14) In this figure each point on the tissue
curve 15 accompanied by 1 small reference circle whose segments indicate
the percentige composiion of the pont mn terms of the 3 tisues com
prsing 1t The 1idney seqment 15 black byer white and muscle fatched
Immediatels after admnustration 86 per cent of the total dose can be re
covered m the blood 1idney hnver and shelet1l muscle tissues which com
prisc only 55 per cent of the bods weight of the mouse At this pomnt the
tissues contain 6o per cent of the total dosage 47 per cent of which 1510
muscle (Iigure 14) Unnany excretton begins immediately and continues
unul 65 per cene of the fotal dose has been ehnunated Throughout the
enurc period muscle contuns the greatest pereentage of the total dose
because of 1ts larger maw The Iiver becomes relatnels more important
toward the end of the pertod when excretion 1s nearng completion The
upper dotted hine of the graph indicites a fiml recovery of 6y per cent of
the total dose from the three tssues blood and urme Higher il e
corveres are obtained when the whole homogenized mouse 15 employ ed
bue difficultics are encountered from hich blan! s 1n the chenncal analysis

Metabolism of bydricrylate With one third of the LD  of hydracry late
we have seen (Tigures 10 t1) that the dog excreres approvimately 80 per
cent of the tot1l dose At such dosages meetbolic transformation cunot
account for more than o per cent of the adnunistered hydracry late
However metbolm appears to be much more important than exeretion
1n the fate of small doses Studics of urine hydracrylate concenfrations
during long term oral feeding in mice revealed that at Jow blood levels
only 2 to 5 per cent of the dose 15 excreted Approximately 1o per €ent of
the small dosrges adnunutered to man n treied plasma are exereted
Trven with lirge mtravenous doses we have seen that the dog excretes
Jess of the total dosc s the dose 1 lowered (Migure 11) In addigon sur
wunal umes of bilaterally nephrectomized mice recenng lethal doses of
hydraceylate do not differ significnthy from operated stline controls
(Table 7) Tlhis suggested that some other orgn was mvolved in the fate
of this agent w hich was capable of assunung more than s wsual share of
the burden m the piesence of remi! insuffiviency The hver was more dt

recth, implicated by the fact that the I D , dose of hydracrs hite 1 siemfi

cantly reduced i the presence of evperimental v er dumage ™ In ad Jion

(mcubatron of this degradacion product with mouse hyver shices results m a
30 per cent dmappearance of drug i 8 hours

Staniary
Certain charactenisucs of the aqueous reactions of bera propiolactone
and the propernes of 1ts end products cambme to mal e this compound
(deally smited toucolagrcally as a srenhizing gent for tnoloicals
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Combined Beta-Propiolactone and
Ultraviolet Irradiation for Plasina
Sterihization*

TRANK W HARTMAN MD and CERALD A ToCRIPPO D

(Detroit Michizan)

The use of more than one agent n anv method of stenlization 15 based
on sound experimental and pracucal experience The combination of
phenols with heavy metals the 1pplication of two or more antibioncs and
the use of various physical azents with chenucals constitute but a few
well estabh hed examples of the added cffectveness of the multiple ap
proach mn sterhzation

The application of such combined methads 1s especially appropriate in
sitnations where selectiye action on the mfectious agent and minumal effect
on the materal to be stenihized such as shin bacternl and viral vaceines
tissue graft and blood or plasma s desired

In the instance of blood plasma it 15 important not only to destroy the
nfechious agents and aro1d denaturization but 4t the same time to obtam
an end product ewsentially free ot towicity As far 1s chemical agents are
concerned the margin between the virucidal concentration and tovicits
will be narrow or absent unless they are degraded rapidly and completely
o much less active substances during the process of stertlization

Of the oo compounds screened ' 1n the last five v cars in the course of
our im estigatsons only 6 per cent were effectine with one or more viruses
and only 1 per cent were effectin ¢ agunst 1 batters of rest viruses m blood
serum

When the most promising chenucab were evaluated  with 4l the
cnteria considered using hmphocs tic choromeningitis eastern cquine
encephaloms elitis and the MM seram of encephalomy ocarditss as the bat
ten of test viruses 1t was found that there was no umformuts in activ ity
Such varuability indicates that each virus must have 1ts inactination de
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TAILING EFFECT OF BPL AND UV USED SINGLY AND EFFECT
. OF BPL AND UV USED IN COMBINATION
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52 marked ctaling effect obsersed in the attempt to reduce the virus
2ty to nondetectable quantties when each agent 1s used alone A
concentration of soo mg per iter of BPL combined with 2 millmatis
PeT 5q centimeter of ultraviolet srradation (using the Dull apparatus)
reduced the virus actiity to the base lne zero w hercas BPL alone re
quired a concentration of 3500 mg per liter and ultray 1olet alone required
greater than 8 millwates pee sq centimerer When BPI and ultrasioler
are combined the latter concentrations can be used without simuficant]y
alterng the plasma protems This ncreases markedls the margm of
safety since the sirueidal concentration of the combinition which wilt
reduce the virus actiity to the base e zero 1 7 times lower than that
of BPI alone and 3 to 4 umes low er than that of ultraviolet alone

Clectrophoretic patterns of human ACD plasma were made before
(Figure ) and after (Tigure 1) treatment wich the aboye concentrations
of BPL (3500 me per Jicer) and ultraviolet irradigtion (3 sterlamps
G36T6 1 the Dill apparatus) The fibrmogen peak remams well de
fined and the albumin and globulm patrerns are not sigmficant)y aleered
This scems to indicatc that the treatment of plasma with combined BPI
and ulernvsoler has additis e and often sy nergistc virucida) action wichout
meresed alteration of the protem constituents

Stenhzation of large volumes of plasma artificially infected wath I\
Hrus and Aerof icter acrog n s bacteria was attempted The purpose of
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tenmuned sndodwallh malang the we of human solunteers essentidl to
obtun conclusne data regirding the hepatios viruses

Te has been d 1 thae beta-propratictone (BPI ) 1s the least tovie
of all the mast effectine chemcals and further 1t 15 rapadhy and completely
hvdrolized  Beta propolacrone was first syntheszed by Johannson in
1915 usny, the sihuer salt of beta wdo propronee actd bur hechorts and
Otto attempted o ke it 1n 188, hung 1a 1941 found a method of
svnthests of BPL from hetene and formala and asagned the prtent t0
B b Goodsich Company Swnce thar time the macertal has been studred
and produced by Dr Gresham and hes assactates i ghe research center of
the Goadnich Campamy In 1950 BPL was furnished to us by Parke Divs
and Compiny far evalustion i aur sereeane Al subsequent BPL was
obtamed through the courtesy of Dr Gresham and fus compans

Thus chemucal s 1 calarless stable hguid n 1ts concentrated form bur
quite unstable i aqueons solutions It 16 best hept ot — 0° to —30 1
plastee or neutroglass sealed containers It has a spectfic gravies of 1149
and 15 soluble tm water at 5 C It reacrs readih with by droxs! amimo
cathaxvil sulfhvdn! and phenohic groups

In pure form BPL s cwstic and rove but st hyvdrolvzes m hours
at 37°C to sodium beta propionate and sodnim hy dracry hate both of
wlich are rehtncy nontoic = Due to this fact the toxtcies of BPL
proper does not have to be considered 1n the sterilizition of plasma

The process of virus inactnation with BPL 15 rapid and complere when
hydrolysis 1s finsshed if the chemucal 1s used in proper concentranon
proper temperature The acidity of plasmy to which BPL 15 added raprddy
incresses therefore the repeated or continuous addition of sodmum hy drov
1de s uttlized to manrun the pH berween 6 8 and 7 4 for the best pres
envanon of the protemns

Although plasma treated with o 6 per cent BPL concentration 1s not
1OXIC to mMan upon mtravenous dmuustratian this concentration 35 1§
umes thit necessary to mactivite che fmost resistint aboratory virus
(eastern equine encephalomy ebiats) and ¢ wmes that necessary to 10
actiate the most semsitre virus (lymphoes tie choriomemngitss) when
these agears arc seeded m plasma However m order to muntam the
ety of the plasma protems a concentraton of o 45 per cent P
should not be exceeded Siace this concentration 15 onhy shghth m excess
of that necessary to mnactiate the most sturds Jaborators viruses it m¥
nat be sufficient to inactivate the trace quantriies of hepanm virus that
mav be theorenealls pre ene Car these reasons, the combmanon of BPL
and wltravsolet weadutinn prevtously reported 4 has been extensnely
studied and the techmque for the crearment of hirge volumes elborared

The sharp contrast between BPL and ultraviolct used singly 1nd the
svnergstic effect at the combmation 1 demonstrated m Figure 1 There
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TAILING EFFECT OF BPL AND UV USED SINGLY AND EFFECT
OF BPL AND UV USED IN COMBINATION
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1s amathed taling effect observed m the attempt to reduce the virus
acin to nondetectable quintiies when each agent 15 used alone A
concentration of 500 mg per liter of PP combuned with  millwates
Per sq centimeter of ultraviolet trradition (usmg the Dull apparatus)
reduced the vyrus actmiany to the base ime zero whereas BPL alone re
g;‘:::s:(;‘;““;“"ﬂ]unn of 3500 mg per liter and ultraviolet alone requiced
e COn\hm:d 'rl:u llmms per sq centimeter W hen BPI and ultraviolet
dlerine e o, ¢ Latter concentrations can be used without significant]y
safets since ‘fl";“ml protems  This increases markedly the margin of
reduce the “ms\lrucndnl concentration of the combumition which wall
TPL dlone :ndm“m to the base line zero 15 7 tmes lower than that
Flectrophorenc 3 ‘a“n4 times lower than that of ulerasioler alone
(Tgure 2) and 2([:‘; (;lrns of human ACD plasma were made before
of BPL (3500 mg crz;l:c 3) treatment with the above concentrations
CH6T6 1 e & PCr ner) and ultraviolet wwradianon (4 stenlamps

fined and the ﬂ}‘:’;&lﬂpmram) The fibnnogen peak remams well de
This secrms 19 mdm:‘ zr;\d globulin patterns are not sigmficanthy altered
and wltras ot pee :d; that the treatment of plasma with combined BPL
ncreased atergg fxme and often sy nergisuc virucidal action without

Stenlration p f]\ of the proten constituents
\Irus and Aeml“;\:gc volumes of plasma artficially mfected with VAL
B T derogenes bacteria was attempted The purnose of
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termmed mdiadoally maling the wse of human yolunreers essennd) to
obram conclune data recarding the hepatitss viruses

J¢ has been determined that bera-proprolicrone (BP1) 1 the Jeast tove
of all the most effectrs e chemrcals and further 1t 1s raprdhy and completeh
v drolized  Beta propolictone was firse synehesized by Johannson m
1915 using the sihver salt of beta oda propiomic acid bue Bechurts and
Otto attempted to mike 1e m 1885 hung m 1941 found a method of
svnthesis of BPI from ketene and formalin and assizned vhe patent ©
B F Goodrich Company  Since that ume the maternl has been studied
and produced by Dr Cresham and Ius associates m the research center of
the Goodrich Company Int r9y0 BPI was furnwhed to us by Parke Davs
and Compmm for evaluation in our screening All subsequent BPL was
obramed through the courtesy of Dr Cresham and his compam

Ths chemteal s a colardess stable hqued i 1ts concentrated form by
quite unstable 1n aqueous sofuttons It 1s best hept at — o° to —30 18
plastic or neutroc lass scaled contauners Tt has 2 specific graviny of 1149
and 15 soluble m water at 5° C. It reacts readth vath hydrow} ammo
carbows] sulfhvdni and phenolic groups

In pure farm BPL 1w caustie and toxie but 1t hvdrolvzes m
at 37°C to sodum beta proponate and sodtum hidracndare both of
which are relatnely nontovic = Duc to this face the toucin of BPL
proper does nat have to be constdered 1n the stertlization of plismt

The process of virus mactivtion with BPL 15 raptd and complete when
hydrolysis 15 finnhed if the chemical ss used 1n proper concentranon 3t
proper temperature: The aciditn of plasma to which BPL 15 added repidh
increases therefore the repeated or continuous 1dditron of sodim hy drot
sde 15 uethzed 1o mamtan the pH beniveen 68 and 7 4 for the best pres
ervauon of the proteins

Although plasma treated with 06 per cent BPl concentration 1 no%
tovic to man upon ntracenous adnumstracton this concentraton 15 15
umes that necessary to mactisate the most reststant hboratory rus
(eastern equine c¢ncephalormychitis) and 1 times thar necessany o @
actnuate the most sensinve vrus (b mphoct ic chorromentagits) when
these acents are seeded in plasma However 1 order to mamtaint the
mtegrirs of the plasma protems a concentrinon of o 45 per cent B!
should not be exceeded Since this concentration 1s enh shighthy 10 exeess
of that necessary to mactinate the most sturdy Itborttors viruses 1€ mm
not be suffictent to mnacen ate the trace quantities of hepaniis 1irus that
mav be theorencall present Tor these reasons the combination of BPL
and ultraviolet rrradtation previously reported 2 has been extensi el
studied and the techmque for the treatment of Irge vofumes eliborated

The sharp contrast between BPL and ultravioler used singhy and the
f the combination 1s demonstrated 1n Figure 1+ There

hours

svnergistc effect o
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this study was to demonstrate that large volumes of hewals fected
plasma could be sterihized by the techmque presenth being used to process
our plasma for chmical use Exght hiters of human plasma were seeded with
1 per cent suspension of M\ virus (mouse infected brain twssue) and 3
million organisms (Aerobicter aerogemes) per milliliter of plasma and
tregted with BPL and ultraviolet 1rradiation in combmation This expert
ment stmulites production volumes of plisma m which the chance of
incomplete stertlization 1s ncreased due to the problems involved These
are (1) madequate miang of BPL mixeures and () varation i ulera
viofer mwtensity over long periods of irradtation a» well as adequate
penetration of protemn particles n thick films
The results of this experiment are seen m Table 1

TasLE 1

8 LITERS OF PLASMIA SLEDED WITH MAl VIRUS
AND AEROBACTEP AEROGENES STERILIZED
BY TREATMENT WITH BLTA-PROPIOLACTONE (BPL)
AND ULTRAVIOLET (UV) IRRADIATION COMBINATION

) Results
Condution of Pirsm Trewment Vius Twier | Bacersal Connt
LD ) per Millilter
1 Non treated control 65
2 BPL (3500 mg per Liter) before UV o2

(r'hr at 69 C)
3 BPL plus UV srradianion +
2) Immeduately after irradinon at

9 oo

b) Total volume brought to 37 C oo

4 ¢ hours after treatment oo
$5 7 days after treatment oo
6 28 days after treatment v

Reetprocal of negative log of virus dilunon
tIntensity of arradiation (3 stenlamps G36T6 in a Dill Apparatus) 13-
13 9 millwatts per sq em

BPL at a concentration of 3500 mg per hter at 6 to 9 C for ¢ hour
reduced the virus titer and the bacternl count to small quantities betore
uleraviolee irradiation was grven Tt muse be emphasized that 1t this tem
perature and for this duration of treatment only 10 to o per cent of
the potential value of the drug his been used After ultraviolet irradia
ton 70 to 8o per cent of the drug 1 still present to produce addztronal
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this study was to demonstrate that lirge volumes of heavilv infected
plasma could be sterthzed by the technique presentls being used to process
our plasma for clinical use Etght hters of human plasna were seeded with
1 per cent suspension of A3 1irus (mouse infected bran tissue) and 3
million organsms (Aerobicter acrogenes) per mlliliter of plasma and
treated with LPL and ultraviolee irradiation 1n combmation This expen

ment smmulates production volunies of plasma n which the chince of
complete sterthzatson 1s increased due to the problems imolved These
are (1) madequate miving of BPI mintures and (2) varation 1n ultra

siolet mtensiy over long periods of irradration as well as mdequate
penctration of proremn particles in thick films

The results of this experimenc are scen in Table 1

TasLe t

8 LITFRS OF PIASMA SELDLCD WITH MM VIRLS
AND AEROBACTER AERQGENES STLRILIZED
By TRCATAIENT WITH BLTA-PROPIQLACTONE (BIL)
AND ULTRAVIOLET (UV) IRRADIATION COMBINATION

Resalts
Virus Tuter | Bactersal Count
D) per Milldseer
I -
t Nen treated control 65 X a0t
# BPL (3500 mg per lier) before UV oz 6% 10
C)

(1 hr av 69

3 BPL plus U\ 1rradianion +
a) Immediately after irradanon at

Condition of Plasmt Trevment

9 oo oo

b) Total volume brought to 37 C oo oo

4 24 houns after treatment oo oo
§ 7 days afer treatment oo oo
6 28 davs afeer treatment o b

Reciprocal ¢ f negative dog of virus dilttion
tlatenwty of ieradiation (3 sterilamps G:36T6 1n a Dull Apparatus) 11 3—
119 millmatts per sq cm

BPL at 1 concentratton of 1500 mg per hter at 6 to g C for 1 hour
reduced the virus titer and the bactertal count to small quantues betore
ultraviolet irradistion was gnen It must be emphasized that at this rem
perature and for this duration of treatment only 10 to o per cent of
the potential salue of the drug has been used After ultrayiolet srradny
o8 510 80 per cent of the drug 1 stll present to produce addteional
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effect upon posuible trice quintimes of the pathogens present However
as can be scen in Table 1 (Number 3} the plasma s sterile at the pomt
mn the procedure The addittonal 50 to so per cent of undearaded TPL
can then serve as an added margin of safery for reacting, with underectable
quantitics of virus particles #f necessary This 1s accomplished when the
plasma 15 brought to 37° C. and the BPL residual 1s full hy drolvzed
Sevenes two to 96 hours at 4° C would be required to attam the equna
lent desrec of reaction and hvdrobvsts However the more rapid rate of
reaction 15 recommended for the purpose of neusralizing the acd produets
of by drols ws s they form and thus muntan a rance in pH level beneen
638 and 7 3 Thes renders the procedure not onhy safer byt more economt
caland feasible 1n production processing In Tible 1 (Numbers 4 5 and 6)
we can see that sterilizatton 15 complete and virus rercnation cannot be
demonstrated when assaved at 4 hours and afeer 7 and 28 dovs of
storage

The svnergistic effect of BPI and ultras olet combination ean be dem
onstrated by the mactnation of Escl erschia colt phage (T strain) sceded
m plisma The additne or svnergitic effect of two vruadil ageats »
often difficult to demonstrate when small quantines of each agent are
capable of inactnating the bulk of the sirus particles to almost nonde
tectable quinuities Although the anmual viruses respond m this manner
to BPL concentrations and ultravsolet irradraton when wed separateh
the railing effect  of these agents m producing complete stenlization
has been useful for demonstrating their potential value when used i com
broation However the problem of nonderectable trace quantinies of vires
particles remams 2 hazard when the test anmmal for virus assav 15 (90
sensitive enough for such derecron Certan bacteral viruses on the
other hand can be detected even when only one virus parucle persists
as in Ty phage for the organsm F colr This rwctton 1s emphastzed when
the phque count per umit volume 15 made before and after the virus
seeded plasma s treated i the following wavs (1) with varyng ineens
ties of ultravioler rradition () with mereasing concentrations of bPL
and (3) with the low est concentrations of each agent used in combmation
Data in Table show the svnergistic action of BPL and ultravsolet 1
combmation on T3 phage The toral effece with the combination 15 2p
prcclnbl\ grearer chan the addiene effect of each agent used separitels

Reactnation mav occur with certam viruses upon storage but this 1§
nat so with the T; phage Table  also shows chat afcer 8 das s of stara™e
the total vtrus count decreased mdicating additronal 1nactnation of the
virus particles m both the treated and unrrested maten1] rather than
reactnation This ss also true of the two anmml viruses stucied 1n this
mamner namels the eastern equine encephalom ehitis virus and the M

Airus
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Taste 2
LFFFCT OF BFTA-PROPIOLACTONL (BPI) AND ULTRA
VIOLET IRRADIATION ON E €OI (T) PHACE SEEDFD

IN 90 PLR CTNT ACD PI ASMA W\ HFN TREATED
SEPARATLLY AND IN COMBINATION

Ultrs 1 let Plijue Count per
Frrainition BPL \Lallidu=r
Nemlerof  Midliottis Concentrtion 2dws 78 dovs
serdumps persp em g per lser sorage stora e
None — None 10X ?X10
1 3t None 1X10  ”Xx10
2 64 None IX0 INI108
3 78 None X105/ 10¢
None — 500 1x10 2X10
None — 1000 3% 10 16
None - 1500 6% 10 00
None - 2000 50 00
Nane - 500 00 00
None — 3000 00 00
1 26 500 2x10° 40
1 27 1000 10 00

Larce Voruare Strriitzation or Hunian ACD Prasya By

BrTa ProprotactonF anp Urtravioter In ConisrvaTion
Procedure In the processing of production volumes (8 to o liters) of
Plsma using the PPL and ulktravioler trearment the procedure has not
been altered from the standard (National Institutes of Health) speaifica
tons establshed for the ultraviolet method The major problem m the
combned treatment consisted of expermments to ascertan  (t) when m
the ultrastoler method to best add the BPL ( ) how to adequately mix
the drug volume into the large plasma volume before BPL would hvdro
l‘fc 0 any appreciable amount and (3) how to best control the rate of
LPL hvdrolvsis so that the acid products could be neutralized within
2 Marrow range of pH variation (68 to 7 4)

16 was found that 1t w best to add BPL after pooling and clarthicaton
of the plasma and before wltrm solet irradiation In arder to add the drug
with minimal hydrolvsis the plr m1 15 kept at refrigerator temperature
(41 16 C) Tr1s then placed on a mechamcal shaker to produce gentle
‘5 ishing Before BPL can be added 1t 15 necessaty to rane the pH of the

CD plasma from 68 to 78 Thus 15 done by the addion of sterlle
:ﬂ:Tf;\l sodim hy drovide throuyh a closed system Ths nse :n pH
e cient 1o take care of the actd products of BPL hvdrolvsis while

BP‘I"“g 1s being added and the miture treated by ultrasoler irraduanion

s then added 1n the cold during sphish shaling Since the half hfe
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of BPL hvdrolysis 1s 16 to o hours at 4° C. this perimts ample tune for
thorough drug phsart miung and passige of the plama through the
ulernolet apparatus before BPI by drolvzes to any apprecisble amount
(not more than to to o per cenr) Durme ultravioler ereatment BPL
plasim miture 15 hept cold in 1ce contuners \s shown 1o Table 1 both
v uter and bactenal counts are reduced o relanvely sl quantines
before ultraviolet treatment

After ultrmviolet irraduanion the plasma 1s collected directh i 2 stenile
bottle wihtch 15 then pliced on the mechamical shiker This eollcenon
bortle has the following attachments (1) a thermometer () 2 speeit
needle for slow 1ddimon of norml sodum hedroude and (3) 2 spetiat
tube and pumping arrangement for constant plama flow through the pH
meter {a closed and stertle s «tem)

After all of the plasma has been collected and splach muuing beeun,
the nuxture has a temperarure of 1 to 14 deurees C. and 2 pH 1lue of
6 6t0 6 9. Toncrese the rate of BPI hydroh «is and enhance ies v srucrdat
actuuny two nfrared imps are w ed to rane the temperature to 3,
As the temperature s rised the rate of hydrolvais mereases and the il
of the miture » lowered proportionatel Sadmm by drovide must be
added at 1 mte paralie] to the BPI hdrolyais 1n order to muntam the
indicated range of pH varuon

When the ealculated mount of sodmm hyvdroude equis tlent to he
total amount of BPL, has been added and the temperature has reached
37 C (approumatels  to 3 hours for § hters of plima) the plsma »
bottled m units of o ml volumes These are stored 1wt gto 6 C Srenliny
.nd prro_en tests are completed before the pl ma 1 wed chmeally

Table wives vsummiry of the effect of BPI and ultratialer rrement
an the plima protems The source of plima s from our hospieal blood
bank and consists ot leftover matern! tollowng the admimserstion ©
pached enthrocs tes

Tn the sty lots of plima treaeed for elimictl use the volume 3 aned from
5y to b lirers and the duration of storage before trearment ringed from
1 to 8 months Wath the exception of lot 1 all lots were treated with
1500 me per heer of BPL nd 3 ultravsolet stenhuups (C36T6 m the D
U\ apparatus) as descnbed above The effect on the plwm protens
15 reflected 1n the percentige ot hbonogen albuma nd globuln frictonsy
found n the electrophoretic pattern There appears to be some correhtion
1n the duration ot plasma storce and the nbilits or diippearanee of the
fibnnogen pattern In lors 4« and 6 the fibrnogen peak was man
ramed after treatment m 3 of the 4 lots procesed In the plima which
had been stored before trewment tor 6 te & months (lots ¢ and 3y the
fibrmogen appeared low betore treatment and absent after treatment
This p.\mcuhrl\ evdent 1 lor 3
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Thser 3

EFFICT OF BITA-PROPIOL ACTONI (BPI) AND UI'TRAVIOITT
(UV) TRLATMENT IN COMBINATION ON PEASMA PROTEINS

Hismy  Duris n Tord  Paper Fectraph resis 1 nterns
Lot Volume of Stera e Irotems L ercentige of Totd I mrens
No (i) (momhsy  BII + UV {em®) Fibrm gen Wlwomn €1 lin

1 55 6 None 53 143 44 33
500+ 11 47 00 ™3 4
2 710 2 None 52 154 04 140
35004105 50 200 w6 314
P80 8 N o 53 64 HE 490
3500 + 11 48 00 #0570
4 80 1 None 53 190 H+ 366
3500 + 13 50 89 406 50§
576 2 None 59 174 390 4
3500+ 10 52 [y AL 586
6 73 1 None 56 16 489 349
3500 4 107 51 0. 436 1.

BPLt ¢ pressdinn perlrcra dUV mmall  tspers) an

The final product 1s clear and amber stores well at refrigeritor tem
perature nd can aho be Ivophilized and readily reconsuituted The fact
that 3500 mig per licer of BPL m combinanon with standsrd ultri tolet
irradiation i m marked excess of that pecessary to mictnate the sturdiest
of the hiboratory viru ey (entern eqmine encephaloms elite) and sull
mamenn the integrity of the fibninogen electrophorctic pattern sug sty
that this combination would be the most promming for the macti ation
«f the hepatins 11rus 1n human plasma

The combunation method for plasm stenlizanon was msututed 1n our
bload bank 1n Tanusrs 19,¢ This method repliced the procedure using
60 m, per fiter BPL alonc Oter a 6 month period 31 patients re
certed 87 transfustons treated with 3500 mg per hret BPL plus ultry
violt irradution The recipients in thes scrtes averaged 1€ vears in age
ranging from 1 duv to 6¢ vewrs The total volume per panent ayveraged
8com! The mavimun total volume was 8,00 ml adminstered 10 to davs
Interms of ml perhy per 4 hour dose the mimimum was ml per hg
and the mavimum w 25 3 ml perlg The latrer patsent recenned  soo ml
of phisma in an effort to contral shouk assocuted with 1 gangrenous leg

Aeautopsy 4 hours [iter no tovictts agerdneable to BPL was found
u}:c,{"f ? vear old nule with urennt ps ohs dronephrosss and by popro
oy J:L:I\Cd 935 ml per ke of phsmuin 4 1o day penod There
oge ﬁndm“ ¢ touc manife tations and at autopsy there were no histo

treated ph‘ﬂs 1o sugyest any tosiany of the rther hige amounts of

ma recened mothe 1 dns prior to death The renntning
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patients m this serics have been observed for § months or more with no
evidence of chronte toviciy or hepaugis

Obriously the number of cases and the duration of study prevent am

conclusions at this ume Unnl the combined method can be tested on
known infected hepattis plasma and evaluated in human solunteers we
shall continue to apprane the procedure chmeally m the manner de
scnibed above
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DESIGNATID DISCUSSION

Guserr Datoory VD (Albamy New York) I would thak there
would be nians here who would be somew hat surprised that we gave so
much attention to stenbzing methods We begsn the dav 8 session by
talling about meshods that we hnow are effectne Certunh there
great value and alsa safety 1 the blood fractons that bue come owr of
the elegant and complere nork at the Department of Py sical Chenustry
at Hanard Osher methods are af o effectnie m controffing serum hepa
titss 10 medical pracuce

1 theught of that i heanng Dr Gibson and what he had been able
to accomphsh 1 hnow of small blood banks where hepantis usualls 15
controlied because they are so carcful about thewr donors Dr Strumus
blood bank 1 Bryn Maw s 15 one hhe that He has the pedigree of all hus
danors and he doss not hate cases of hepauts Ve have o} p heard of
roosmt storage which s effectine

The answer of course s that what 15 wanted and wanted especnliv
by the atrned services and Gl Defense and other people 15 2 magic
bullet and that 15 something winch an be used vader the special require
ments of the military  or s wme of disaster of that can be used more
carelessh That 1 what the effort has been tovward finding nameh a
mmagic budler

Torrunately we are blessed because we hanve both the chemsts and the
physcists mterested now I see they are to join forces and gine ps 2
combuned treatment whick also looks very promsing

The doubts T have on thar pomt zrose onb, when I san Dr Pollards
mterprecation of a phage which o me looked ble the kind of snfernal
machine +ou see 1n 0 old laboratory at Ceneral Plectnie eveepr it had
¢ wares on it The organse ehemust i any habaratory  when she drans
phage always mahes 2 ook e a carbon fing with 2 il on the end and
when § draw it or alwass Jooks Bhe 5 spermatozoon Dr Pollard showld
1now thit the Gy man to see phage suid it fooked Bihe a spermatocs te
A any rue that is the problem

We are looking for something more effective than the methods we
kive and that can be worked but not under all thos, sstaanons bess 2
pricucal problem m ehae semse and 8 15 afso pracucal now oo because
the real obstick 15 the question of actuath determuning how effcctne
shaete methods e m the cise of seruns hepatitis — m other woeds the
testime, Frervone nowanng for 2 seasonable sofurion to that problem

Tdant ste how we can proceed without it [ Pollaed rased the pone
hsueld m the ducowmion
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GINIRAL  DISCUSSION

Autes Tastor PuD (Detroie Michugn) 1 wauld bike to add 2 word
to Dr IoGrippas ind Dr Hartna s presentauons on the combmed use
of a chermel and ultravalet nactnation method Over the past to
vears at Parke Das we have been putting such a combingtion to pric
ueal we The accumulittne mrctivation of formaha ulirnolet on polie
myelitts virus Was tested The cantrol prepirion 1 was diduted and
aerated an bottles and the method of 1533y 1 plaque formmtion Phgu s
were read on the third day nd agun on the seventh dn

Smple dilutton docs not produce 1oy delis 10 plaque formation Al
of the plaques potentially avashble m o s mucernd ace visthle on the third
d1y You get essentsally a ravo of 3 However where two merements of
ultrastoles were used and thus 1s twa 7 watt merements of uleravolet used
i successtan the uter deapped about . logs per mcrement of ultraviole
Here again vou sce that there is very htle change s the plague fatio
following the ultrivrolet trearment

If tvo 1 hour increments of formatdehy de mactn stion are wsed the
aters drop to thout the same degree but there 1 4 marhed delay 1 the
<vtopathogemic effect of this virus Only 15 phques are shown on the
third day and only 168 an the seventh day The ratro 15 11 compared to
1 for contro} mntersal

If you use combmations of ultratoler and formalm youn get a shuhth
higher value than y ou do for the control or the whtraviolt alone Formalin
wed first followed by uhrassolet Li s 1,am 1a nternicdiate ratto some
what hucher than the other The mmportant thin,, here 1s thar one tpe
of inactnaton ~ ultraviolet ~ 15 1 physical method Y uu 2re putting the
ultraviolet through 2 virus particle and the type of mictivation bang
produced I ehsnh b been very well discussed h Dr Pollard There s
malecular destructron within the virus parercle whereas the formabn or
the chemical treaument has te worl by diffusion as 3 ou will see 2 little
larer

These numal siruses e essentalh cell ke m nature and this & the
only wayv they can et Dr Fusene Tumm and bus group it Parhe Dats
hiane been ey ing alon., combination evperiments wach betr propiohe
tone and ultravolet m comunctton with this The rosults of the beta
propt Jlactone mactn ation alone Are silar to the formaln alone results
Flawaerer these 1sa tery defintte sug. cstion that there w18 a sy nergnhc
effect when the betr propwlactone and the ufrmaoler were used to
gether The whraviolet imctivaton 1 wacling chrouch molecular dis
rupuion The wleraviolet thsorprron curve of untreated poliony elrus virus
55 th v of 2 tpreal nucloprorein The same vanss after treatment with
sufficient wlcravialet trradntion s completcly mactivated but vet retmny
anpgenieity The mayar peah at around 260 my shifts toward the shorte
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wave lengths and there 15 2 matl ed 1ncretse 1n absorption m the region
of the mnn absorption

Farher Dr Pollard suggested the use of 1rradiation and thermal mact
vation 1 combination he suggested that the amount of radiation could
be reduced when combined with heat He also presented a picture of an
ammal virus—an sdeal anmmal virus — s drawn from his expersments

Perhaps I should not have the temerity to sy so bur I think that an
electron mucrograph of poliomy chitis virus 15 an indication of the actual
vtrus which we see 1n cssentially the same form that Dr Pollard has
deduced from his irradiation expertments The dense central core we
know 1s compased of nucleoproten and has eleceron stopping power
In this very hghtlv shadow ed preparation s ou can see the penipheral areas
of the virus collapsed around this central core We feel that not only this
virus but ammal virmses 1 gencral can be constdered to be submucro-
scoptc cells and very definirely (as the evidence accumulates) com
bination methads of mactivation wall prove more effective than any one
method alone

WaLrrk N Macr PuD (East Lanwng Alichizan) 1 would hke to asl
Dr LoCrippo iof he has tried using beta propiolactone to sterihze serum
prior to 1ts use m tusue eulture

Grrap A ToGriito M D (Detroie Mictugan) We have been using
bet1 proprolictone to sterilize all our serum m the ussue culture labora
tory Ve now have the Hel 1 cells on the twentieth subline with beta
propiolactone treated serum using virucidal concentrations of o3 per
cent beta propolactone However when vou use 10 per cent of the
treated serum n the growth medum the degradation products are
lovercd to ooy per cent You cimnot exceed ooy per cent of the
degridition products without toxic effects on the HeLa cells

L hen we want to use serum above 10 per cent 1n the growth medium
then we use o1 per cent bety proprolactone plus ultraviolet irridiation
for serum treatment 1\ ¢ €0 2o up to 3o per cent serum in the growth
mediwm and still keep below o o3 per cent of the degradition products
The Detrot 6 hne of cells 1s now i the esghth passage and so are Chang
hver cells

e find that beta proptohictone treated serums work very well As
a matter of fact they work so well thit we are now able to use the pooled
serums coming out of our serolory liborators  which amounts to as
much as 1000 to Boo ml per week Taccumulite abiout 5 to 6 hiters of this
serum and then treat v by the eombined physical chermical (beta pro
prolactone and ultravtolet) method Such serum pools represent marertal
from at least 000 patients and it s really tovic for tissue culture How
vier s lone as we hilter it and trear it with bera propiolactone we can
use it 1 our tissue culture procedures



418 Prevention—Cl emcal and 11 ysictl Agents

CENIRAI  DISCUSSION

Attry Tavror PuD (Detroie Micligan) 1 would bhe to add & word
to Dr LoGrippos and Dr Hartmns presentattons on the combined vse
of a chemical and wltrasoler mactivanon method Over the past twe
years at Parhe Davis we have been putting such a combination to prac
tical use The accumulative mactnvauon of formlin uleravioler on polio-
myehtis virus was tested The control prepration #1 was diluted and
otrated m boteles and the method of assay 1s plaque formation Plaques
werg read on the third das and agam on the seventh day

Smple dilutton docs not produce any delay m plaque formation All
of the plaques potentially aymlible 1n this maternl are viable on the third
dav You get essenualls 3 ravo of 1 However where two mcrements of
ultraviolet were used and this 1s two 7 watt increments of uleratiolet used
m succession the nter dropped sbout  logs per increment of ultrasiolet
Here agam vou see that there 1s very lietle change in the phque rate
following the ultraviolet trearment

If two 1 hour mcrements of formaldehy de 1nactivation are used the
uters drop to about the same degree but there 1s a marl ¢d delay n the
cyvtopathogenic effect of this virus Only 15 plhques are shown on the
third day and onls 168 on the seventh day The rano 1s 11 compared to
1 for control matenal

If vou use combmations of ultravioler and formaln you get 2 shghtly
Tugher value than vou do for the control or the ultrwolet 4lone Formaln
used first followed by ulerivioler gives 1gin an intermedtite ratio some
what higher thin the other The important thing here 1s that one tvpe
of mactn 1tion — ultiaviolet — 15 2 phy sical method You are putting the
ultraviolet throngh a virus particle and the type of mactrvanon being
produced [ chunl  has been very well discussed by Dr Pollard There 15
molecular destruction within the virus pirticle whereis the formalin or
the chemucal treatment has to worl by diffusion as vou will see a lmtle
Jater

These ammal viruses are essentially cell fihe 1n nacure and this 1s the
only way they can act Dr LCugene Timm and hus group at Parke Dasss
have been carrvin, along combmatton experiments with beta proprolac
tone and uleraviolet 1 conjunction with this The resules of the beta
proprolactone inactiiation alone are similar to the formalm alone results
Houwever there s avers defintte suggestion that there was a sy pergistic
effect when the beta propolactone nd the ulerivioler were used to
The ultravioler mactnation is worl g through molecuhr dis
The ultraviolet absorprion curve of untreated poltomy eheis virus
15 thae of a typical nucleoprotetn The sime virus after treatment with
sufficient ultraviolet irradiation 15 conziplercl‘ nn]c(;wrcd b‘:i[ r‘l et ;cr::::
antigenicity The major peak at around 260 mg shufts toward the shol

gether
ruption
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ware Jengths and there 1s a marl cd ncrease 1 absorption m the region
of the mun absorption

Tarker Dr Pollard sug_ested the use of irradiation and thermal mactt
saton n combmation he suggested that the amount of radiation could
be reduced when combied with heat He also presented a picture of an
ammal virus — an 1deal anuml virus — 15 drawn from s experiments

Perhaps T should not have the tementy to sav so but T think that an
electron micrograph of poliomy ehitis virus 15 an mdication of the actual
wirus which we see m esseneialh the same form that Dr Pollard has
deduced from Iis srradution experiments The dense central core we
know 15 composed of nucleoprotemn and has eleceron stopping power
In thus very bighthy shadow ed preparation vou ean sce the pepheral areas
of the s1rus collipsed around thss central core We feel that not only this
virus but ammal viruses m general can be considered to be submicro
scopic cells and very definitely (as the eridence accumulates) com
buration methads of mactination walt prove mote effectine than any one
method alone

WaLtrr N Mack PuD (Fast Lansing Michigan) T would hike to ask
Dr LoGrippo if he has tried using beta propiolactone to stenlize serum
PrIor to 1ts usc 1n tissuc culture

Grrawp A 1oCripio M D (Detroir Alichugan) We have been using
hera propiolactone ta stertlize all our serum in the tssue culture labora
tory Ve now have the Hela cells on the twentieth subline wich beta
proprolactone treated serum using, virucidal concentrations of o3 per
cent beta propiolactone However when vou use 5o per cent of the
wetted serum m the growth mediom  the de ridation products are
lowered to 003 per cent You cannot exceed oo per cent of the
degridanon products without tosic effects on the Hel a cells

When we want to use serum 1bove 10 per cent 1n the growth medim
then we use ot per cent heta propolactone plus ultrayvioler 1wrradiation
for serum tretment Ve ¢an go up to 3o per cent serum in the growth
medium and sull 1eep below 014 per cent of the degradanon products
“The Detroit 6 line of cells s now 1n the e hth passage and so are Chang
Iner cells

Ve find that beta propolactone treated serums work very well As
a matter of fact they work vo well that we are now able to use the pooled
serums comme, out of our scrologs laboratory  wiich amounts to as
much 15 1000 to 1800 ml per week T accumulite about 5 to 6 hters of this
serum and then treat it by the combmed phystcal chemical (beta pro
prolactone and ultraviolet) method Such scrum pools Tepresent matenal
from at le t 5000 patients 1nd 1t s realh tovic for wssue culture How
ever as long as we filter 1t and treat 1t with beta propolactone we can
useat i our twsuc culture procedures
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Tentative Classification of Some Current
Types of Liver Danage on the Basis of
Electrophoretic Serum Analysis

C VIOLIIER MD
{Basle Swirzerland)

Flectrophoretic patterns of scrum protem i hver discases are not
spearfic but they rexeal characterstic changes in protesn structure which
can be used for differental diagnosss

As references I would Like to menton the classical reviews n Laghsh
by Cutmin and Luetscher m German by Schuler and Emmech m
French by TCauvert and m leabin by Vurelh

Our studies 1n this field started wicth the hepatitis epidemic 1 1946
The results of these mcstcations were published 1n 1947 by Staub m
1939 and m tgy0 by Stauh and mu self

These are gnen o toto in Table 1 and Table  The first table repre
senty the results obtuned m 164 pitients using the sl Tiscls cell and
Alichaelis s buffer at pH 76

As can be seen from Table 1 the bemgn cases of hepautis are divaded
mto cases with negatne nd positine Takata reactions The Takata reac
tion mtroduced by Staub m 19 8 was the arst flocculation test used m
lver diagnosis and 18 todn stll of great value m recogmizing sesere
hepantts Though this rerction 15 not frequently mentioned 1 Anglo
Savon hterature 1t has been wed n the medical chinie of che Unnversity
of Bule Swizetland for the pist § v cars and 1s referred to i the follow
e discussion Years of ¢ypenence have shown that when the Takara
rerction 15 posiene the hepanus 1 wualls of 1 more severe tvpe There
fore n a lirge number of cases beasen hepatiis demonstrates 2 constant
negune Tahart rewtion Prevalenth postne Talata reacnons were
found enlh m g to 3y per cent or approvimatels mn one third of the
benign cases

However both groups show the same changes i the clectrophoretic
patterns mmeh 1 reduction m the albumin concentration with an in
crewse in bera and gunnn Llobuline The two groups differ only 1 the
degree of proten dvsfunction that of the Takata positive group being

43
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Survey on the Serum Proten D tnibution in a Group of 117 Panemts  1th
Discases of the Liser or Bile Ducts (Longsworths buffer pH 86)

whereas Weils 1crerus shows all the signs of an acute mfecton 1e
albumin decrease with simultaneous nse of alpht globulin Furthermore
1t should be stated that the effect of cardiac msufficiency on the Iner 15
neglgible according ro the electrophoretic diagram

In this summary on hiver parenchymal damage I had to generahze for
the sil ¢ of brevity Tt must be remembered however that certan cases
will deviate from the rule

With regard to the albunun and fibrinogen decrease observed con
searels o hver discases the perfusion experiments of Vhiler and co
workers are sufficientls known in this country so as not to require men
ton Albumin and fibrinog.en seem to be synthesved exclusively by the
Iner 1ty thas not surprivng that severe funcrional disturbances of the
Inver result i a decrease m serum albumm and fibrmogen

The cause of the merese of cammn globubin 1 chronic Iver damage
cannot be explaned s easth The reasans have been soucht m he effect
of mmunzaton allergs  1nd hormonal influence (ACTH or adrenal
cortex) as well as in the hupfer cells In our studses the ncrease n
gamma globulin was observed I Iy with the 1 of
round cells in the porta} field

The increase m alpha and beta globulin m cases of obstrucnie jaundice
1s stull unexplamed Creenspan and Mandel have tried o use glucoproten
detertnations for differential diagnoss betw een obstructne 1nd paren
cvmal jaundie We sell do not have enough experience with thrs
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Surves on the Serum Protein Distubution n & € roup of 183 Panents with
Discases of the Luver or Bile Ducts (AMichachs 5 buffer pH 78)

more pronounced In recovery phase both groups show a tenduncy @
return to normal

Table 2 represents the results of electrophoresis in 17 panents using
the large cell and Longsworth's buffer at pH 86 Here 1t was possible 10
separate an alpha: and alpha globulin

In this table benign cases of hepatitis are subdirded n the same mant
ner cases with negative or positive Takata rerction The same disturbance
1n the blood protem pattern cn be seen 1n the two groups 1¢ albumin
decrease with nise 1n beta and gamma globulins

Furthermore you ¢1n see from Table  thae the Jow cst albumm values
are found m cirrhosis chronic heparrtis and i er tumors as well as tumors
of the biliary tract In the latter however the gamma globulin is nornalor
shightly mecreased whereas the alpha and beta globulin show a strong
rise This finding has been used tor differennial dragnoss

A high concentration of the H componens betwecn beta and gamma
globulin was first noticed i tcute or subacute lner atrophy s well as
n advanced cirrhosis and chronic hepanes Later 1t was occasionally
noticed i other persons who were not suffering from a Iner condition
In these cases however the H component was never mare than 3 to 4 pes

cent of the total proteins
Infectrous mononucleosis behaves ke a nuld case of bemgn hepatitis
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dugnosts of liver diseases 1s manly based on results obtamned by the use
of the Tisels apparatus

Pracricat AspreTs

For practical purposes the problems that can be solied by electro
phoretic analvsis are subdivided mto three groups

(1) Dsfferenttal diagnosis between benign and mahgnant hepatins 1e
betw een 1cterus catarrhalis and icterus gravis

(2) Differental diagnosis between obstructive jaundice and hepatius
1e surgical and medical icterus

(3) Different:al dignosis between cirrhosis and lver tumors (metas
tasis) 1e differential dugnosis of the enlarged Iver

‘The answer to problem (1) which evers physician must consider
when facing Iiver parenchy mal damage s found i Figure 4 and Figure
5 These graphs represent 10t cases of hepatiis from the 1946 epidemic
which have been divided mto the following two groups

Bemgn cases presenting the picture of an icterus catarrhals with

d lner d mereise m 1on rate and fi

and normal serum protem concentration

of_the_Serum Protems for the Differentiaton
between berign and matignant Hepatts (1946)

Albumn £ Globuln B Gld tn

L Dy, Lo,
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Exianaton cabenon < Mchaels butter pH 78
magrant cases
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sime changes are scen 1n the protemogram and hpidogram The thy mol
turbrdity was negatne whereas scrum 1ron was marhedly ncreased but
returned to normal upon recovery

The third case Figure 3 was a 78 year old male with severe hepatiuis
The thymol turbidity rose to 25 urts and sank upon recovers parallel
to serum 1ron Here too the Iiprdogram 15 marhedly ncreased 1 the first
stages of the disease and returned to normal

These eximples show the possibilities of paper electrophorests with the
use of special staning methods as an mid i differential diagnosis How
ever 1 obtaming quanttatne mformation on the globulm distribution
the moving boundiry method 15 to be prefcrred Therefore the fcllomng

discussion on the practical aspect of electrop! mn the
ot 8ind S qom F P ot no-and Thymol  Honge Z 50y
% % 1o dog by whdy
252 ++ 142
15 9 56
142 +++ 146
8105
152 ++ 128
151058
Ltk Emyen

Fiouke 3
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the total proten concentration a decreased A/G quonent and a strong
;zosm\e Takata reaction as well 35 2 delayed sedtmentation rate low
brinogen values and d 4 hrombin time

We will now venfy these data by discussing a few tyvpical cases of
bemgn and malignane hepatins

The first case Figure 6 deals with a 33 vear old womn who entered
the chmic with seterus of 4 weeks duraton showing definite signs of
parenchymal damage 1¢ posicne flocculation tests (Hanger thy mol
ZnS0; turbidines and Tahata reactton) and an albumun concentration
of 42 per cent with 2 rse 1n gamma globulin and m the H component
A moderate hy poproteinemis was manfested together wizh a low fibrino
gen concentration With datly infu rons of vitamins and levulose the
hver tests eventually returned to normal Thirty one weehs afrer onser
of eterus, the albummn concentration rose to sz per cent the Tahata
reaction was indefinite but the csterases returned to normal One vear
after the beginting of jaundice the flocculation test and especnally the
T:l}m feaction and the electrophorenic pattern were nearl normal
lu“'g‘]";7 Tepresents a case of hver atrophy which 1s charactenized by

lPha and beta globuln peaks and the appesrance of the H com
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Milignant cases presenting the preture of scterus grns charactenzed
by liver atrophs  with wsotes edema delaved sedimentagion e de
creased fibrinogen and total protem concentrations usually resulting m
death

The height of the bars in these graphs shows the obseryed frequency
of che values in per cent The albumm concentration m the benign cases
les around 3 Cm per cent whereas i the mabgnant cases we usmlh
find a concentration berucen  and 3 Gm per cent And 3 per cent of
malinant hepatits demonstrated an alpha globubin concentranon lower
than 0 4 Cm per cent whereas m the majony of the beman cases the
alpha globulin concentration was above 06 Gm per cent As tor the
beta globultm in the malignant cases s concentration nsualls was under
085 Gm per cent The bemgn cases dumonstrated a concentration of
a8stor Gm percent

The H componene was found i 6, per cent of the malinant cases
whereas m che benign cases 1t appeared in only 17 per cent

The concentratton of gamma globulm m the nlignant cases 1 usually
lugher than in bemgn hepitts This 1 espectally true m pattents who
hase a long standmg mahgnant scterns The A/G quotient is veny low
mahgnant cases frequenthy under o7

The nest graph Trgure 5 shows the chemical differentiinion betvween
mabgnant and bonin hepausts The malnant cases show a decrease

( Chernicsl of the Flawng_ Pyoters for the
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Electrophoret e Examnaton of the Serum Protens for the Differentaton
between Hepatts and Obstructve Jaundce
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ponent The patient 1 34 v ear old woman who hzd borne four children
died within 3 weehs after the appearance of the icterus This occureed
3 months after she had successfulls nursed her husband suffering from
benign hepatitis Ve find here hy popr: a delay ed sed 100
rate a fow fibnnogen concentranion and h pottbummemta

In answer to the second problem () differential diagnosis betw cen
obstruetnve jaundice and hepatias will be attempted on the basis of the
third sertes of graphs Qbstructne jaundice 1s represenced i black and
hepattis 1n white As you c1n see an Figure 8 the albumin concentration
111 obstructive jaundice 1s more often under 3 G per cent than it 1s 10
hepatitss  The reason for thts finding 1s that the obstructrve jaundice also
mcludes cases with obstructton due to tumors The declne i albumm in
these cases 15 due to tumor cachewa and not to hver damage

However the merease wn both alpha, 2nd alpht globulta has differ
eatsal dragnrostic value msofar as 1 benign hepatitis the alpha globulin
remans stable The differences are not so pronounced in the case of betz
globultn but a very high beta globulin peal 15 a sy mprom tor obstrucnon
in the brhary tract The H component cannot be used m differentiation
betyeen obstructine jaundice and hepants as ats merdence 15 approxt
matels the same n both groups

The gamma globuln 15 of value 1 that 2 low concentravion 1s charac
tenstic for obstructne jaundice and a4 high concentranon 15 more fre

quenthy observed in hepautis
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Figure 11 shows a 37 year old woman from the South of France with
chronic hepautis Six weeks before entering the hospital she developed
jaundice On examination the Iner was not enfarged but all flocculation
tests were definitely positine the sedimentation rate was increased and the
electrophoretic pattern was sumiar to that of cirrhosis However laparo
scopic examination showed no signs of liver cirrhosis After 6 weeks of
hospital treatment consisting of vitarmns and Jevulose nfusions the
patient showed improvement Four months after the begimning of jaun
dice the first ambulant checkup showed a shght nse i the albummn but
the floccul tests d unch d The second ambulant recheck
7 months after the onset of jaundice gave @ defimte improvement n the
flocculation tests further mcrease m the albumin and a decrease 1 the
gamma globulin The return to normal of the alpha peak 15 clearly
demonstrated 1n these dagrams

Finally I would like to mention a rare case of agammaglobulmemia
(Figure 12) a 16 year old boy wicth perscarditss endocarditis and purn
lent pleunisy after secondary mfecuion followmng vancella Under ant
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Chemical Iner tests (Figure g) further support our electrophoretic
observations The thymol and ZnSO, turbidity and the Tahata reaction
are mare often negatne m obstructive jaundice and postie an hepatits
Sedimentation rate and fibnnogen cancentration are both increased i
obstructve jaundice whereas only 2 very low prothrombin concentra
tion which rises on mjection of vitamin K can be used to recognize
obstructn e jaundice

[n problem (3) differential diagnosis of the enfarged hver can, m the
magonty of the cases be answered on the bass of the alpha and gamma
globuhn behavior As can be scen from Frgure 10 hver metastasis of
primars Iner wumors are charmactenzed by an ncrease m the alphs
globulin and the gamma globulin fraction usuafly remamns normal Only
after a Jong pertod of 1llness does the gamma globuhn fraction rse and
1n these cases occasionally 1t gives a pattern which 15 sumlar to Iver
cirthoss In Iner currhosis however the alpha globulin is usually normal
and the gamma glabulin concentratan 5 wcceased from the start. The
biochemtcal tests toe 1€ thymel ZaSO, and Takata are more frequently
negative m hver tumors than m crchoss

A few evamples will be grven to demonsteate the changes m protusn
distribution due to chronic Iner damage

of the Serun Protens for the O
between Chrorwe_Hepabbs (Liver Cirhoss) and. Turmor. tastas
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Direcuans for the Use of the Electrophorcuc Blood Protem Parern for the
Diagrosi of Liver D seases

and beta globulin the appearance of the H component and 2 marked
merease in the gamma globuln fracnon A low total protem and fibrino-
gen concentration plus a delay ed sed rate are ch 1stic of
this tvpe of Iner damage

Clrome I er damrrge which includes fatty degeneration 1n the early
stiges of arrhoss portal currhosis and chromic hepanus discloses a
further decline 1n the albumm with a marked ncrease i the H com
ponent and gamma globuln In comparison to the Iner atrophy  however
the total proremn value 35 normal and the fibrinogen and the sedimentation
rate are increased

Tle obstructt e yundice shows a decrease m the albumin content
espectally in cases where the obstruction v c1used by a tumor There 15
alo a marhed increase in the alpha and beta globulin with normal gamma
globulin concentration Fibrinogen and sedmentation rate are rarsed Of
interest are the negamne Takata reaction wnd the low 1alues in the ZnSO,
wrbidiny or clearing effect of the 7nSO, reaction according to Heepe

Lier tumors a5 well as pnmary and sccondary metastases result 1n a
dehinute decrease 1n the albumun concentration with a pronounced rise m
the alpha clabubin

In the case of & er cysts the clectrophoretic blood protein pattern ob
taned 15 norml
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biouc treatment a chronie condition devcloped which persisted for a
penod of  vears Hipoproteinemta with edema which followed could
not be relicved m spite of blood and plisma mfusions Four davs after
the last electrophoresis the pathologist found unevpectedh on post
mortem examimation subchrome hier atrophn  Of great mterest m this
case was the fact chat here 1s chronic Iner atrophy without any tvpical
changes 1n the blood protein pattern 1€ without the increase i the
gamma globulin

Concrusiov

In conclusion T should like to demonstrate how one can use electro
phoretic blood proten patrerns for the differential duagnosis of hver
discase

Irom Table 3 we can make the following statements

Tlere ersible actite It er dunyge as found n virus hepatitis and mfec
nous mononucleosss 1s characterized by a moderate decrease m albumin
content with a moderate mncrewse m beta and gamma globulin  The
fibrinogen and sedumentatton rates are mereased

The trre erstble acute i er damrice as found i Iner atrophy shows a
definite decrease 1 the albumun content with a reducuon of the alpha
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The Use of Flocculation Tests i the
Dufferential Diagnosis of Hepattis

NOEL F MACLAGAN MD
(London England)

In common with the other members of the Briush delegauon 1 should
Iike first of all to express my thanks to the Henrv Ford Hospital for
mviting me to come here Also as another speaher has pointed out I
should hke to sav that T did not choose the utle of my communication
While T shall do myv best with e T feel that it will be difficult to tell the
members of this svmposium much that they do not already know about
the vse of fl it tests n the d i d of hepatitis Per
haps the best thing I can do 1s to give you some of my personal expen
ences i this field and also an account of some new work that we have
been domg at Westnunster Hospital with the Takata Ara test

Figure 1 gines you a representatne picture of the results one may
expect with a ty pical flocculation test i jaundiced patients the jaundice
beng classified into three groups obstructne jaundice acute hepatitis
and subacute and chronic hepatns 1 think these results with the thymol
turbidins test are symlar to those found with many flocculation tests
although there are marked differences between the various tests and one
of the most mportant pomnts 1s the more or less umformly negatne
tesults obtained n cases of obstructive jaundice There 1s a lugh propor
tion of positine results i acute hepatis and a rather lower proportion
of positive results in the subacute and chronic cases

The case of acute hepatitis perhaps requires a httle qualification since
m this series it consisted mainly of acute eprdeme infectious hepatits and
I think there are mdicanions that the serum hepatitis probably gues a
lower proportion of positne results This has not been very well docu
mented except n the case of postarsphenamimne jaundice which was
probably svrnge rransmitted m which onlv about 60 per cent of positive
results have been recorded 2 I thunk that Dr Neefe has found a similar
low proportion of posine resules 1 uncomplicated serum hepatiis

The umformhy negative results 1n obstructve jaundice have been diffi
cult to explan They certamnly do not indicate the absence of Iiver damage

439
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In lrer abscess we find a decrease in the albumm with a sharp merease
m the alpha globulin as n infection with necrosis
In hver congestion due to cardure 'y the electroph
pattern shows oniv shght changes so that a siight degree of Iner damage
mav be assumed on the basis of the blood protetn examination
The time allotted prevents me from ging further examples bat 1 hope
that [ hate demanstrated wich sufficient clanry how the changes m the
electrophoretic blood protein pattern fit our cursent classification of Ier
drseases
To conclude 1 should mention that the clectrophoretic pattern 5
parhognomomc m only 2 few diseases such as plasmocytoma nephrosis
and The ct isuc changes found i the blood
protemn patrern are not specific for Iner disease but they permit con
clusions as to dragnosis and prognosis
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TaeLr 1

LFFTCT OF ADDINC URINI MUCOPROTIINS TO TWO
SIRUMS GIVING POSITIVE FIOCCULATION REACTIONS

Amount of ‘ Toeculatien Test
rine | 1 ol
Mucoproremn ollor
it Thym 8 Thelt "ot | 7080 | (VS04
mg /100ml | 1" ‘ “ | Galt
Infctions
Hepans 0 8 | 4k | 4 | 9 3
Sram
©5m, 100mly 100 6 | 2+ | 2+ 8 25
Fracticn Aq
Added 500 2 1] ] 6 2
Rheumarord [ H 4 3+ 8 6
Arthrins
rum
(190me 100 mt) 110 4 1+ 1+ 8 6
Fract 1 A,
A lded 586 2 o 0 3 4

were obtuned with a unme mucoprotein fraction serum mucoprotetns
react sunilarly

Tt 15 valuable to know when these flocculation tests become positive 1
hepatiis Undoubredh the best data are by Neefe and Reinhold (1946)
who were able to study a group of pruents with experimental infections
hepatitis n whom thes could follow all the tests from the beginning of
the disease 1 each case They found that the flocculition tests became
positrie around che fourch to the scventl dav of the discase Therefore
1 the early mcubtion stage of hepatitts one should not rely on these tests
Thev may be negatnve then and may become positine later On the other
hand Neefe and Remhol showed thit in the recovery stage of hepatiis
the flocculation tests remuned posine as a rule longer than any other of
the tests used 1nd on the nerage the thymol floccuhition test semamed
positine for the longest nme It was usually still posttine some ;0 or o
dus after the onset of the hepatitts In recovermg hepatinis therefore
the flocculation tests seem to hne 4 special siunshicance

The choice of flocculation tests depends to some extent on personal
preference but Figure  gives some datr which may help 1 reaching 2
decision This shows some £ pical resules on 2 group of patients suffering
from hepatitis obstructne yaundice and muscetlincous dworders  this
last group was somew hit itlated by a large proportion of cases of rhen
matod arthaats, which were being mvestic ted at that time Rheumatoid
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Fiotre 1 Thymol turbidity test i 217 cases of paundice

sn obstructive raundice nor the absence of 1 nse m gammo globuln in
thiy condiion which frequenthy oceurs in cses complicated by cholan
gitts These considerations have suggested to mans workers the presence
of some mhibitory substance in the serum m obstructne jaundice D1
Ducet w1s first to show that the serums from obstructise jaundice did
hrve an inhtbitors effect We have added a little to thus recenth 1n some
studies on the urine nd scrum mucopratens which were carned out 1
another connection * VY e found that the pinents with hugh serum muco-
protemns on the whole hd negatine flocculation tests and the cases with
positive flocculation tests on the whole had low serum mucoprotems
This relationshtp suggested the experment of adding mucoproten to
serums with positine flacculation tests which gave the resules shown in
Table s

Two typical serums were used one from 2 c1se of mfective hepanns
and one from 1 case of rheumaroid arthritis On adding pathologicallh
posstble amounts of mucoprotem it can be seen from Table 1 that with
thy mol and collordal gold the results were reduced fo almost zero whie
much lews effect was produced on the zmc sulfate and ammonium
sulfate test These findmgs gne a possible evplamation of the negatine
results tn abstructive paundice since the serum mucoprotem is known to
be wcreased m this condstron Incidentally  although the results shown
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It 1s however mmportant to make the pomt that i the intermediate
area here you find all types of jaundice Therefore 1f one finds an alka
hne phasphatase between 13 and 35 unuts and a negatve thymol floccula
tion test the results are not of much use in differential diagnosts One
fifth of the cases fell into this equiocal group

In the remaimng few minutes I would like to give you a prehminary
report on some work that we have been domg on the Takata Ara test
As Dr Voillier has menttoned this 1s a very popular test in Europe and
Dr Angelo Bendand: from lItaly who was working with me this year
was particularly anvious to do some work on ths test We felt first of all
1t should be brought up to date bv using a phosphate buffer to standardize
the pH and under these conditions we were surprised to find that the
sonic strength needed to be about 1 o or ligher to get a good differentia
tion between normal and hepatiis serum  Under these conditions  there
15 an optimal distinction betw een the normal and hepatitss serum at about

PH 123 and the amount of mercuric chloride required vanes directly
with the pH
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Fleure 3 Results with thymol fisc ulanion test and serum alhaline phosphatase
M 300 cases of yaund ce
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Fictre 2 Companson of flocculanron tests i jaundice and other condinions %

arthrins 15 one of those diseases which also gues posine focculanion
tests 1n quite 2 proportion of cases and this fact serves to emphasize the
nonspecific nature of the tests

It can be seen from Figure 2 that the zinc sulfate and the thymol
turbidits are nor very far apart and the serum colloidal gold 15 not very
dissimifar but gives a rather higher proportion of nonspeaific results
There 1s however a considerable difference if one uses thy mol floccula
tion instead of thymol turbsdies  This was first pomted out by Dr Neefe
and Dr Renhold and 1 thimk 1t 15 an nmportant contribution to the study
of jaundice In the differential diagnosts of yaundece it can be seen that
the thymol flocculation test grves a much sharper differennation than
does the thymol turbidity  or anv other rests shown

The flocculanion tests are particularly suitable for combimnation with
a serum alkalne phosphatase because these two tests go m opposite
directions  The serum alkalne phosphatase 1s neary alwavs hph m ob-
strucen e jaundice whereas the flocculation tests are usuallv peganse
thuis condinon By combining the two one gets a prcture rather Iike a
two way chromatogram In Figure 1 are plotred the results of the two
tests m 200 pedigree cases of gqundice The top left hand area shovs that
the cases with high alkalme phosphatases (over 35 units) and negatne
thyma! flocculatron tests were umformly obstrucuse All chose with
strongly thvmol flocculation were nonobstructrve and all with phos
phatases below 15 Ring Armstrong units were nonobstructive This
accounts for four fifths of the cases
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of hepatic cirrhosis many provided by the hindness of Dr Sherlock o
of these gave positine results and 18 were classed as strongly positne
{more than 6 units)

All the other cascs with Iner pathology tested also gave positie
results and these were alse scen 1n a proporton of the miscellineous
group of cases shown m Table 3 It appears therefore that this new test
would not be useful tn differennal dragnosis These nonhepatic positive
results were partls due to the inclusion of 2 lirge group of cases of
ulceratine colits a disease n which many workers have described Iner
damage The mercunc chlonde test shows some corrclation with the zine
sulface test but appeirs to be somew hat more sensitive since onhy 16 of
the 23 cases of cirrhosis referred to above were posttive with zinc sulfate

In conclusion the new mercuric chloride turbidity test although of
hmited alue i the differential diagnosis of jaundice appears to be a
rather sensitive detector for the type of serum protem disturbance which
oceurs 1n hepane cirrhosis The same dnturbinee cin however occur i
other dsscases and the nonspecific nature of che test niust be recognized

RETERENCE S

Anderson A ] Lockey E and Machigan N F Some biological properties
of the unnary mucroprotems Broclem | 6o xli 195

Maclagan N\ [ Discussion of hepatitis following yellow fever vaccmna
uons Iroc Poyal Soc Med 37 460 1934

Maclagan N F Tests of hver and pancreatic function Practironer 162

PR

\aclagan N F Recent derelopments in flocculation tests In Ciba Founda
tion Lier Diserse London Churchil Led 1951 p 1



444 Differcnerdd Dercnosis — Laboratory Yetl ods

‘The next step was to mestigate the use of the different salts under
these conditions Of 2 number of metals tried d
betw een normal and hepanitis serum was onlv scen with mercune chlonde
and silver mitrate Tlus suggests that the mechimsm of the test depends
upon the unstable hyvdrovide of these two metals which are pecular
that they do not possess a hvdrovde It secms that under these conditions
only those metals with unstable hy drowdes react with the proten com
plex found i the serum in hver disease On the basts of these experiments
we adopted the techmque shown i Table  which gives results of from
o4 turbidity units 1 a group of normal subjects

Table 3 gines an over all picture of the results obtained with the new
mercuric chlorrde turbtdiey test As with the old Tahata reaction we
were parncularly successful with hepatic airrhosis There were 23 cases

Tasrr 2

THL MERCURIC CHIORIDT TURHIDITY TEST
00> ml serum 3 ml buffer x ml M/10 HoCly

H 1ns3 117 173 129 133
X 01 n1s 05 04 05
Nortmal 4 3 2 5 s
Hepatius 7F 7F 8r 6 5

F = rapud flocculatton

Tspir 3
MCRCURIC CHLORIDL TURBIDITY TEST IN 268 CASLS
Ao \o Strongly
of No sits €
Con fittan Cases Posty ¢ (O er6 Units)
Normal 37 o 0
Gastrointest nal diseases
Llceratne Hshos 60 20 11
Miscellaneous 22 7 1

Luver discases
Cirrhosts (pore | cirrhosis 10 primay
bilan arrhosis 4 sccondary - ibary
arrhosts 2 postt patos 4 uleceratve

colinis + cirrhosts 3} 2 20 18

Virdd hepustss 3 3 3

Asymptonatic posthepat 15 4 3 3

Obstructs ¢ yumdice 3 3 1

Miscellmesiis (moebic hepatinis 1 hepa

tomegaly 3 jaundice 4) 8 3 3
Miscellaneous positive ;g 33 1 g

Miscellancous negative



The Chmical Sigmficance of Alterations
m Serum Transannnases 1n Hepatitis

FELIX WRGBLEWSKI AID
(New York New York)

Alterations 1n the enzy matic activiry of two serum transaminases glu

tamie oxaloacetic and glutamic py ruvic have been shown to be climeally
1 the duff 1 diag: of hepatic disease states? It 15 the

purpose of this paper to review and extend the observations made
regard to these two serum enzvmes as they apply parucularly to the
diagnosis and differential diagnosis of hepatitis

Transammaton 1s a chemical reaction in which there 15 an exchange
of the alpha amino g roup of an amuno acid for the heto group of an alpha
Leto acid with the resulung svnthesss of a second alpha amno acid and
anew alpha keto acid Thus ty pe of chemical conyersion was first described
m 1937 and was postulated to be a reaction which occurred with am
amino acid and alpha hetoglutarate or ovaloacetate using, pigeon breast
muscle as a source of transaminase 2 Using a coenzvme pyridoxal phos
phate 1t was shown that muscle contained
capable of cataly zing the transfer of alpha amino groups from 25 different
amino actds including aspartic and alanine and that this enzyme was
present 1n pig heart Iner and hidnev tissue homogenates Subsequent
absertations indicated that the organ distribution of transminase actity
1 species specific and in man glutamic oxaloacetie transanunase (GO T)
15 present an heart Iner sheleral muscle and hidnes  and glutamie prruvic
transanunase (GP T) 1s present i Iner kidney heart and shefctal muscle
m decreasing order respectively * (Figure 1) The prescace of GO T and
GP T actrim was demonstrated n whole blood serum and plasma and
the range of normal serum activity was delineated * Concomitantly eleva
tons of serum glutamic ovaloacetic transaminase (SGO T) and serum
glutamic pyruvic (SGP T) transamnase of panents with hepatic and
other disease states were observed ® The separation of the two serum
enzymes was accomphshed by fractional electrophoress of scrum protem
m order to establish that the enzi matic actnines i serum TEpresent two

distinet and separable proteins racher than the same enzyme acting on
different substrates ¢ (Tigure )
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Fovre 2 Scparation of glutame valwacene anl glutamic pyruvic trans
amina e by fract mal clectrophoresis of the serum from a Go-year old
male w th acute homa! gous scrum hepatms and intrshepatc metata ©
carcinoma SGP T act 1ty 15 confined prmanihy to Fracoons g to {(gamma
gl Yulm) SCO T actnaty 1+ primarly dem o trable m Tractions 12 to 14
(beta globul n)

560 TRANSAMINASE ASSAY METHODS
“hromatograph
Chromatogrophic s60 T
I1-osporate +of kero gluta ole s gqlutcmate + oxcloacetate

tormat on of glutamate gfter 3 hrs

Spectrophotometr,
Spectrop) e s60 T
1-osparate +o keto glutarote =—— glutombte + o oloacetote
matic
oxdlootetate + DPNH+H s=————= malate +OPN
dehydrogencse

rate of disappearonce of DPNH, (decrease n opt cal dens ty}

Colo metre
SGO T
osparate +of ket glutarote = glutamote + ooloocetate
{o gtoacetste — pyruvate— )
format on of pyruvote after 20 mn.
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NORMAL HUMAN TISSUE (u/gm of wet lissue)
GO-T* GR-T**

HEART 165,500 7,130
LIVER 142,400 43800
SKELETAL MUSCLE 99,300 4,750
KIDNEY 90 900 19,300
PANCREAS 28,300 1,950
SPLEEN 13,600 L1210
LUNG 10,000 668
SERUM 20 15
*glutam) [ e tr activity

¥ glutomic-pyruvic transaminose activity

Fiotre 1 Distntunon of glutamic-oxal wcenc and glutanue pyruvic Tans-
aminase m normal adult ©s ue he mogenates

Mrrtiops oF MeastrevrsT oF SCO T ano SGP T Acrivity

Chromtographic spectrophotometric and colorimetrc techmques have
been used to measure SGO T # 7 8 (Fygurce 3) wd SGP T4 # 9 (Figure 4)
Quantieatine paper chromatographic analvsis permuts the measurement
of SGO T and SGP T by estimating the amount of glutanme acid formed
during a finite 1ncubation pertod Using this method the mean SGO T
and SGP T acunity espressed as mucromoles per nulliiter per hour of
glutamate formed 5 06 = o191 and 05 § =0 146 respectnely ® The
chromatographic technique although accurate 1s cumbersome and lengthy

Spectrophotometnically, SGO T and SGP T actnity are asstved by
employing 2 double enzyme system Glutamue ovaloacenic and glutamic
Py ranic transanimanon are coupled to the enzy matic ovidatron of reduced
diphosphops nidine nucleonde using malic dehy drogenase (Figure 3)
the former and lactic dehn drogenise (Tigure 3) 10 the litter transaminse
deter The spectropt e technrques measure SGO T and
SGP-T by estimating the ratc of the enzymauc reaction rather than
any one of the end products of the trinsamination Spectraphotomet
neally SGO T and SGP T acenvaty are expressed as umes per mulhliter
of serum per mmnute One unit equals # decrease m optical density of 0 00t
milhmicren under the condtions specitied 1n the heerature * 7 The metn
SGO T actiaty of nornnl adult seruns 15 1 4+ — 68 with the range
of normal 5 to 4o umts  The mean SGP T actnity of normal adult
serums 1s 16 + — 9 With the rance of normal g to 35 units ¢ "These tech
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Ficre 1 Separavon of glusamsc ovaloicere and glotamuc pyruvic trans
amnase by fracu nal clectrophcresis of the serum from a 6o 3 ear-old
male with acute homol gous scrum hepaums and ntrahepauc metawa ¢
carcinoma SGP T actin1ty 1s confined primanily to Fractions g to 13 (gamma
ghtuln) $GO T aconity 15 prmanly dem n wrable m Fracuons 12 to 14
{beta globulin)

SG0-TRANSAMINASE ASSAY METHODS
A U hi
Chromatogrophic 6o T
I-asparate 4o keto glutarate 3= glutamate +o aloccetate
format on of glutamate after 3 hes

Spectrophotometrsc
pecirophotome 560 T
1-0spo ale +of keto glutarate == giutomute + o cloacetate
mot e
© aloocetate+ OPNK+H s————= malate + DPN
dehydrogenase

rote of d soppearonce of DPNH, (decrease in opt col dens ty}

Colorimetric
$60-7
osparate +of keto gluterate < gtutamate + oaloocetate
{o aloocetote— pyruvote— )
format on of pyruvate after 20 min

Fraere 3
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nques are simple rapid and accurate but require equipment and reagents
which my not be generally avatlable

‘The colonmetnie methods estimare SGO ‘T and SGP T by messunng
the amount of pyrusic actd formed under standird incubation con
dittons ®* ® Pyruvic acid 15 formed directly during the glutanue pyruic
transamnation and directh, by the conserston of oxaloicene acid to
pyruvic acid following glutamic oxaloacetic transamination These meth
ods are simple and require no enzy me» 1s reagents but are somew hat less
accurate and less senstise than the other methods Colonmetncally
SGO T and SCP T activtties are expressed as umrs per mullibiter of
serum One umt equals the fornmation of one microgram of ps rinate under
the conditions speaificd The mean SGO T actnity of normal adult
serums 18 164 + — 8 3 units with a range of normnd 4 to 4o unses® The
mean SGP T actinsty of normal adult serums 15 20+ — 115 witha
range of normal 1 to 45 units® Transaminase activity has been found 1n
all human and animal serums tested both in the normal and diseased state

The stability of these serum enzymes 1s such 15 to facihrate ther
chinical usefulness Specifically  freezmng and Iy ophilization of serum fal
to tnfluence SGO T or SGP T activsey  Serums and hepariuzed plasma
have equn alent actiuities and storing serum at room temperature for 24
hours or at 4 C for 5 davs does not significantls uter SGO T or SGP T
actisty The fasting state does not mfluence SGO T and SGP T levels
wichin the normnl range and the variations from dasv to dav m SGO Tn
the syme normal adult are msignificant ¢ ® The mechanism for excretory
and/or secretory handling of SGO T and SGP T 15 unl nown, but the

SCP=TRANSAMINASE ASSAY METHODS

Chromatographic 56p-T
I-atanine + o keto glutorate === glutamate + pyruvate

formation of glutamate after 3 hrs

ecirophal 37414
Spectrophotomels S6P-T
1-olomine + of keto glutarate —" glutamate + pyruvote
e
pyruvate +OPNH +H M toctore + ppN*
Gehydrogenase

rate of disoppeorance of DPNH, (decrease in O D)

Colorumetric
SGP-T
alanine + o keto glutorate <—— glutomate -+ pyruvate
formation of pyruvate ofter 20 min.

Fioue 4



Sremsficmee of Serwm Transammases in Hepatits 451

presence of these enzymes i small amounts m unne and 1a appreciable
amounts in bile suggests that rensl and billary routes may conteibute 1
this regard ¥ It 1s pertinent however that ohguma or azoterma do not m
themselses appear to influence the height of SGO T or SGP T within
the normal or abnormal range of activity 1

ALTIRATIONS OF SFRUN TRANSANIINASE 1N
LxprrivievtaLLy Propuerp Patnorocic Heeatic States

Lxpenmentally produced vires hepatiis i mice has been associated
with increase 1n SGO T and SGP T activiey A relatronship appears
1o evist berween the mse in SGO T actnaty and the size of the virus
moculum (Figure 5) the blood virus titer (Figure 6) and the degree of
Iner necrosis ™ The seral alteranons of SGO T in virus hepatits n
mtce are paralleled by changes in SGP T acunity which is proportionately
mncreased to a greater extent above the normal range for muce than s
SGO T actnaty ' (Figure 7) The mjury of hepatic tissue accompany ing
partal hepatectomn 1 muce 15 assuciated with elevations i serum tran
samunase 1! When hepatocellular njury 15 produced in rats wich carbon

40001
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3 eotmi 10!
2000 A0tmi 1073
[ Control 150 umits
e b
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1000+
|50J
o T T T T T T T T
4 6 8 o 12
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8GO T Activity in mice following introperitoneal
tnocutation of Olmt! 10 'and O imt 10~ 1tution
of hepatitus virus
Fiotre §
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—  AMOUNT OF VIRUS IN BLOOD AND VISCERA FOLLOWING
~  INTRAPERITONEAL INOCULATION OF 0/ ML 107
1 DILUTION OF HEPATITIS VIRUS INTO MICE

LIVER + SPLEEN

LOG OF THE 50/ ENOPOINT

o 2 4 6 8 o 2
DAYS POST INFECTION

Fiotre 6 The seral zlterztions of the blood virus uter approvmately parallel
the SGO T changes

tetrachloride 1t hos been observed that SGO T alteranions serve s &
sensttive mdux of hepatocellular myury  the height and duranon of 1n
creased SGO T actragy has been found to be proportiontl to the amount
of toun admmistered and to the extent of hver cell damage ' (Iigure 8)
Ir has been reporred in expenimental cmrbon tetrachlontde toue hepanhs
that hepatic tissue gl oxal 1C tr 1s pot decreased even
when 5GO T 35 concomutanthy and markedh chevated ™ The same obs
seriation his been made i regard to hepatic tissue glytamic oxaloacettc
and glueamue pyruvie gransaminase during the course of virus hepavtis 1
mice at the tine thart SGO T and SGP T actruues were 1mpresstel
clevatedt Cirrhosis and hepatte tumors expertmentalls produced in rats
using butter vellow have been shown to be accompamied by elevated
SGO T aetity ¥ ' Common duct occlusion experimentalhy produced
1n dogs has resulted in elevations in SGO T rctnres which returned to
normal wichin 2 week tollowing the rehef of bthary tract obstruction ¥

ALTrRATIONS 1N S1RUNT TRansanymase 1 Acets HFTaTims
Acute hepatic dusease has been noted to be associated with rises in
SGO T a0d SGP T actnaty 7 4 18 {n most instances the quanneatine and
sernal changes m these two scrum enes mes are sufficientls characteristic
of the yanous types of frer disese to assst in diagnostic differentiation 1%
The largest clevations m SGO T and SCP T have been observed
hepavns due to carbon tetrachlonide and 1 pauents wrth

~

acu € toMe
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454 Differential Diagnosts — Laboratory Metl odt

acute infectious and/or homologous serum hepatttis ! 18 The rse m both
serumn transaminases followng exposure to carbon tetrachlonde occurs
within 24 hours and has reached levels as hugh as 7 ooo umts With
cessation of exposure to the toun SGO T and SGP T precipieousty fall
toward normal The alterations 1n SGP T paralle! those scen 0 SGO T
activity but are usualls greater m the former than tn the latter Touc
hepatius due to thorazme ¥ salicy lates © cincophen © azoserme ® pyra
zmannde ! (Figure ) and other agents 1s usually assocrated with smaller
elevations of serum transaminases than hase been observed m carbon
tetrachloride ot hepatiis Continued tncrements tn the serum enzy mes
are observed with contmued admmistration of these drugs when they
prove to be hepatotoste discannnuance of the hepatototte agent results
i a rapad fall roward normal of serumy transanynases

Acute Iner cell imjuny as seen 1n acute nfectious and homologous
serum hepantis results m impressine mcrements mn both serum transam
nases Although the changes in the 1ctiuny of the two Scrum enzy mes
paralle]l each other the rise of SGP-T usualls evceeds thit of SGO T
actruiry (Figure 1o Tigure 1) It appears thar the rise 1n serum transami
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nases i virus and homologous serum hepatitis begins during the prodromal
phase of the disease (Figure 12) It reaches a peal elevation of 10 to 100
times the normal serum activity at the ume the patients are the sichest
as adjudged by fever malaise anorevia nausea vomuting and hepanc
tenderness With subjective and objectne evidence of amprovement a
fall i both serum transaninases toward normal occurs

The natural uncomplicated course of mfectious hepatitss 15 associated
with a gradual mse m activity of both serum transamumises to 2 peak
followed by a gradual decrease mn serum enzyme actinity toward the
normal range during the recovery phase When complications occur
during the course of hepatitss the added stress appears to influence the
hepatitis and this 15 reflected 1n a secondary superimposed rise 1n SGO T
and SGP T actiity Ambulation duning recovery from infectious hepa
s 15 sometimes associated with a small nise n serum transiminase 1f
the nise follow ing ambulation is 50 or more umts return to rest disciphne
would appear advisable and SGO T and SGP T usually resume the e
tumn toward normal Relapses of infectious and homologous serum hepa
tiis are assocuated with secondary mses m SGO T and SGP T activity
(Figure 13) Unresolving hepatitis 15 associated with persistently eles ated
sefum transaminases at the time the serral alterations would be expected to

3000, ¢ somx 9 wowsioco "
o
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Tiotee to Seral alterations  SGO T and SCP T actns tes and tests of bver
ncton dur g the course of ho ol ¢ scrum Lepattis
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rerurn toward normat The failure of SGO T and SGP T acuvity to
return to the normal range su.gests the deselopment of chronic hepatitis
and/or posunfectious cirrhosss The seral alterations of SGO T and
5GP T in the course of acute mfectious hepantis follow a charactersstic
pattern  devtations from this wsual course of enzyme alterations suggest
assocated complicattons relapses and/or chromsciry of the hepatic infec
ton It appears that the senal and quantiive changes m SGO T and
SGP'T duning the course of hepatiis reflect the chintcal state of the
patent more accurately than comventional hver fuaction tests In this
regard SGO T and SGP T are thonght not to reflect Inver cell function
per se but rather to represent the reaction to acute lser cell mjury
Accordingly the serum eransanunase alterations are not necessanly found
to correlate with cony entionally employ ed tests of Iner function changes
m serum tran anitnase do not appear to be an index of Iner cell functron
The sensun ey of serum transaminase as a reflection of lver cell wnjuey
mav account for the observatton that 1 acute hepatiis SGO T and
SGP T are clevated m the prodromal and chnical phase of the disease at
a tune when tests of hver cell function are as yet unaltered (Figure 1
nd Figure 14)

Obsertattons during the course of an epidemic of acute mfectious
hepatitns 1n a closed environment mdicated that elevations i serum tran
saminise more sensitnvels reflect subclmeal hepatts than do conven
tonal Iner function teses * Usmg both hner function tests and elevattons
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of serum transaminase as crtena mdniduals examuned during the course
of an sututional cprdemic of acute infectious hepanus fell mto §
groups (a) asv mptomatic indss rduab with normal SGO T serum bilirubin
and thvmo! turbidinn  (b) asvmpromatic indiiduals with transienth ab

normal SGO T (up to 100 units) and with normal serum bilirubin and
thymol wbidin  (¢) asymptomanc mdniduals with abnormal SGO T
(up to 350 umts) normal serum bilirubin and abnormal thy mol turbrdin

(d) svmptomatic indsiduals with abnormal SGO T (up to 350 umits)

by perbilirubinenua and abnormal thymol turbidiny  (e) symptomatc

dividuals with chmeal sctenc hepatiis The indiniduals 1n the groups
above were categonzed respectnels as (a) normals (b) contacts (<)
nomctenic hepatins indniduals and (d) subictenic hepanins indn sduals.
The final group of inmates consisted of those indissduals who deseloped
retenic chimeal infectious hepautis for which they required hosprealization
Figure 1, shows the SGO T alterations serum bilirubin and thy mol tr
bidis 1n induiduals in 4 of the , categortes a normal mdmdual ty prcall
shows normal salues of SGO T serum bilrubin and thyimol rurbidin
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These and other epidensologic obseryations suggese that asy mptomitic
nonteteric and subtctenic hepatiis indinsduab 15 evidenced by mereased
SeTUM fransaminase mayv posubly commumieate the disease without them
selses being recogmized as having climical hepatiers 1V hether alteratsons
n 8GO T 1n the serum of blood donors may contnbute to the detection
of those indivsduals who serve to transmut homologous serum hepatitis
15 ?rfsenrh under studs

! 15 usually d v normal SGO'T
and SGP T acnitn  Howeter when ths malady 1 complicated by
hepatins there 15 a rise 1n SCO T and SGP T at 2 tme when Iiver func
uon may be normal or mconclusnely affected as measured by conven
nonal tests 18 {Figure 1¢) The severity of the h panos sccompan ing
infectious mononuclcosns appears to be relired quantueamvely to the peal
nse m SGO T and SCP T and the latter 15 pretter than the former
throughout the course of the eles wted serum transamunase actn 1y
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ALTIRATIONS 1% SrrUM TRANSANUINAST IV
O11r Distase Staris
Acte Laennecs cirrhosss end bilary crrhosis are assocuated with

elevanions i SCO T i the ringe of 50 to 0o umts ! When SGP T 5

concomitantly increased 1t 18 of lower activagy than SGO T (Nigure t7)

Clrrhosns cnmphcu:d by 1cute hepantis has been noted to present serum

s ch nuc of acute hepattss bue supenmposed
on the secum enzyme elevauony due to hepanie cirrhoss (Figure 18) Ac
cordmgh scrum transiminise may be helpful in determiming w hether
one 15 dealing with sudden | epatic decompensation associated w ith ar
thosis or supenmposed acute hepautis m the arrhonc patent With
sudden hepatic decomposition without hepatitss no supermposed rise 1n
serum teansemunase bas been obsened
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Extrahepatic bihary obstructne jaundice s characterized by mcrements
1 transammase actn s from qo to 0o SGO T umits and go to 300 SGP T
units Although both enzvmes are altered mn the same dwection the
SGP-T actsury usually esceeds the correspondng SGO T actvity 1
acute extrahepanc biliary obstruction 1 (Tigure 19) The serum enzyme
actissties recurn to normal usually within a week after relief of the biliary
obstruction

Serum transamnase actnuy 15 as sensitine an indet of primary and
metastatic cancerous insolvement of the hiver as the alhaline phosphatase
but 1t 15 unaffected by the presence of acene metastatic bone cancer
This properts provides a means of distinguishung, betw een elesated alha
hne phosphatase due to Iner and thar due to bone disease When both
the SGO T and allaline phosphatase are elevated hver disease can be
assured to be presen but when the alhaline phosphatase 1s mncreased and
the transammase 1s normal the elevated alkaline phosphatase 1s due prt
martly to bone disease The degree of increased transinunase activity seen
m metastatic ¢ancer to the Iiver 1s roughly propertronal to the amount
of liver cell myurs resultmg from tumor growth When SGP T 15 con
comiantls mereased along with clevated SGO T i metastanc hiser
disease 1t 1s of Jower actinaty than SGO T % (Figure 20)
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COMPARISON OF SGP T AND SGO T IN PATIENTS WITH LIVER INVOLVEMENT
BY CARCINOMA LYMPHOMA AND LEUKEMIA

FicLre 20

Serem transaminase les els are not elevated 1n panents with infecuous
reoplastic degencrative reactive allergic or congemtal discase or preg
naney states unless evidence of acute damage to the lner heart or sheleeal
musele 15 present  Surgical trauma to shelctal mu cle acute my ocardial
wnfarction 2nd any process associated with acute mnjury to sl eletal muscle
or heart muscle may result in mcreased serum tran aminase actiity The
1aundice assocrated with hemoly tic processes 1 not usually associated wath
sigmuficant alteryuions in serum transarmnase actniry The alterations m
SErum transaminases 1n nonhepatic states present hieele or no confusion
dugnostically 1n as much as thes appear in different climical sertings 1nd
are reflected by alterations 1n tramsamimase of apprecaably different magnt
tude and serial change In all of these climcal settings whenever there 1s
3 nse m SGO T there 15 consistently an apprecibly smaller elevation of
SGP T actnry

Statvary asp Concrusions

SCO T 1nd SCP T alteranons are sensien e and roughly propornonal
wdices of hepatocellulir mjury duning acute hepattis of vanous eno
fogic tvpes The elevations of SC P T actnit duning the course of acute
hepatitis exceed those obsery ed tor SGO'T Acute and active chromc

patic duease are associired with quantratine and seral elevations of
SCO T and/or SGP T which are sufficiently charactenstic to permit
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dugnostic differentiation SGO T alterattons more sensisely reflect
‘actne chromic hepatic disease such as active cirrhosts and primary and
metastatic cancer of the Iner SGP T appears to be even more sensitne
than SGO T m reflecting acuee hep flular 1nyury d with
acute hepatis and acute extrihepanc biliary abstrucnion By the simo!
tancous measurement of SGO T and SGP T activaty 1 appears possible
in most cases to differentite acute from active chronre ner cell myuns
* The quantitatiy ¢ and senial measurements of both enzy mes persmt accurate
differentnal diagnosts of many clinteal 11 pes of hepatic disease
The subjcune and objective chnreal course of patrents with acute
hepatitis appears to be accurately reflected in seral SGO T and SGP T
alterations Relapses exacerbations chronicits premature ambulwons and
unrclated superimposed complications in patients with acute hepanus are
usually evidenced 10 vanations from the usual pattern of serial serum
transamunase changes The serum transimimase changes observed m the
prodromal phasc of hepatians and i ndn rduals with nonetene andfur
subncterte 1 pes of acute hepants pern st 1 beteer understanding, of the
eprdenmiologic course of this discase and facilitate the dignosis and
thereby the management of indniduals with subchimcal and otherwise
unrecogmized hepatitis
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dugnosne differcntiation SGO T alterations more sensitnely reflect
'actne chromic hepatic disease such as actne cirrhosis and primars and
metastatic cancer of the ner SGP-T appears to be even more sensine
than SGO T n reflecting acute hepatocellular mjury associated with
acute hepantis gnd acute exerahepauc biliare obstrucrion By the simul
taneous measurement of SGO T and SGP T actniey 1t appears possible
1n most cases to differenuate acute from actne chronic Iner cell mpn
The quantitatns € and serral measurements of both cnzy mes permit accurate
differential diagnosis of many climical ts pes of hepatic discase

The subjectine and objectne chinwcal course of pattents with acute
hepatius appears to be accuratels reflected 1n serial SGO T and SGP T
alterations Relapses exacerbations chronicity premarure ambulations and
unrelated supenmposed complications n patients with acute hepatns are
usually evidenced 1n vanations from the nsual partern of serul serum
transanmnase changes The serum transammase changes obsery ed m the
prodromal phase of heparitis and i indniduals with nonictersc and/or
subictenic tvpes of acute hepautis pern it a beteer understanding of the
epidemtologic course of this disease and facilitate the diagnosts and
thereby the mana.ement of mdisduals with subchmeal and otherwise
unrecognized hepatitis.
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Bile Piginents of Serum
m Dusease of Liver

JESSE L BOLLVIAN MD
(Rochester Minnesota)

Recent advances in methods of separating and 1dentify ing bilary pig
ments (1 brle serum and urine clearly adicate that present concepts of
the metabolism of bile pigment are madequate or incorrect These meth
ods provide a means for revaluatng the physiology of formation and
excretion of bile pigment and also the aberrations produced by pathologic
processes s olving the hver

Cole and Lathe *' using resersed phase chromatography found that the
elution of bile prgments from a column of siliconed infusornal earth with
methanol clearly scparated two types of bihrubin Further studres of
elution by means of a system of # butinol and phosphate buffer clearly
separated two pigments from the more polir rapidly moving fraction
Bithng s2 modification of this method removes three distinct bile pig
ment. from the column The most polar pigment moves rapdls on the
column and 15 desygnated pigment I1 by Cole Lathe and Billing4
Pigment 11 constitutes about 75 per cent of the bile pigment of normal
human bile and 15 not detectable m blood of normal persons but 1t 15
often present n the blood and urme w hen nonhemoly tic t pes of jaundice
occur Dizotization of pigment 11 gives pigment b which also moves
rapudly from a column when eluted with # butanol i phosphate buffer
Futther study and that of Overbeek \ink and Deenstra ndicated that
the teeraps rrolic bilirabin molecule splits to form two diazotized dipyvr
roles Those from pigment 1L were clearly different from the two dipyr
roles from diazotized bilirubin which were designated as pigment a and
moted very slowly on the same column system which moved pigment b
fapidhy Billing and Lathe ® and Schmtd 7 recenthy have established that
Pigment 11 15 an ester diglucuromide of biiwrubin This prgment 11 s
Water soluble and when 1solated 1 pure form or reconstituted m serum
1t reacts immednately with the van den Bergh reagent The diglucuromde
Was readily hy drolyzed to form bilirubin which was insoluble i water
and reacted only mdirectls with the van den Bergh reagent The ready
I deolvais of the water soluble pigment 11 of le accounts for the fact
thar chemucal Preparations of bile prgment from bile vacld soluble taly
nuhin from the soluble pigment of bile It 1s also the probable basis for
the formation of bilirubin concretions 1 diewed biliary ducts

e bile pigment which moved less rapudly on the Billing s column
467
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ments are formed from hemoglobin as 1t 1 degraded by the reticuloenda

thelial cells of the bone marrow and spleen In the absence of the Iner
this bile prgment accumulates 1n the blood ® and gnes an indirect or
delaved reaction to the van den Bergh's reacent W hen this bile pigment
Is excreted in the bile 1t gives a prompt direct van den Bergh reaction
If biluary excretion 1s prevented by obstruction of the ilary ducts the
bile pigment retamed m the bload reaces directls wich the van den Rergh
reagent If the lner 15 removed subsequent to the devclopment of ob

stuctive jaundice the direct reacting serum ilrubin remains subse

quently at the sume level but the total bilirubin of the blood continues
to tncrease because of the additions of indirect reacung bile pigment
from the reticuloendothehial svstem @

It was noted however that the sndirect reacting bilirubin of the liver
less ammal was not evacely ke the mdwrect reacting nlirubin of the
blood of normal human bengs or of those hiving hemols tic seterus As
the amount of bilirubin 1 the serum mcreased afrer hepatectorm  the
indirect van den Bergh reaction became more rapid and biirubin ap-
peated m the unne Neither of these findings was noted i human
beimgs when onls sndirect reacting bilirubin was present m the blood
The bihrubin \n urme gave g direct reaction to the van den Bergh reagent,
Chnical appraisal of the amounts of direct and indirect reactin., bilirubin
m the serum of icteric human bengs 1 showed that the ndirect form
was found 1n the presence of hemoh tie 1 pes of jaundice but that the
drrect reaction was present in obstructin e jaundice and also duning hepato
cellular jaundice Ie was soon found howeser that the blood of mny
1cteric human beings contamed bath v pes of tihrubin n vaning pro
POrtions Attempts to clissifs 12undice according to the relitne amounts
of mdiect and direct reacttng bilirubin in serum have been onls partlly
successful and often fail when both ty pes are present

A revalusnon of knowledge concerming the metabolism of bile pig
Ment 15 necessary The finding af pigment 1 rises the question of s
metabolie sigmificance and also the question of whether s unrecognized
Presence 1n presious studies has led to erroncous conclusions with regard
to the metabolic aspects of pigment 11 and ilirubin

T hwve confirmed Cole and I'athes observations that the przment in
gallbladder nle of human bemes 15 abour 75 per cent prement I and 25
Per cent mament I and contains anls traces of bilrubin 1 found sumlar
concentrations of tule pigment i gallbladder bile from normal dogs
Hepatie bile from docs with biliuy fistults tho showed simitar propor
tens of pigment 1 and I although the concentraton of ttal prment was
}:I‘;:han that of gallbhdder bife The piment n bile ofotamned from

Y fistulas of rars w as 8o to 9o per cent pigment 11 and 10 to o per
ent pigment 1 These figures indrc ste that the I cr seereres both proment
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was designated a5 prgment I This pigment also givesa direet’ reaction
to the van den Bergh reagent thar 1s 1t reacts in an aqueous solution
without the presence of organic solvents Picment I 1s soluble in water
but 15 more soluble i chloroform and 1s readily estractable from aqueous
olutions by chloroform whereas pigment II remamns m the aqueous
phase Pigment 1 constitutes bout 25 per cent of the bile pigment of
normal bile and 15 not detectable 1n normal blood but it 15 often present
1n the blood of jaundiced persons Duzotized pigment I when eluted from
a column with # butmol n phosphate buffer forms two bands One
moves rapidly and 1s similar to pigment b (duzotized prgment I1) and
the other moves slowly and 1pperrs 1dentical to pigment a (duzonzed
bilirubin) This obsersation 15 the basis for the su.,gestion that pigment [
1s a monoglucuronide of bilirubin which forms two dipyrroles on diazo
tizaston One dipsrrole pigment a 15 stmlar to that from bilirubin and
one dipyrrole pyment b 1s similar to that from the diglucurontde pig
ment 11

Bilirubin was eluted slowly from the columns of Cole Lathe and
Billing Tt 15 1nsoluble m warer but 1s a soluble salt 1n alkaline solutions
and 15 soluble 1 chloroform Only traces of bilirubin are found in fresh
normal bile and 1t 1s present m normal human blood It 1s not excreted
1n the unne of jaundiced persons m whom the amount of biltrubm (18
direct reacing) 1s often found to be above the normal level Diazotized
bilirubin (pigment a) moves slowly from a column eluted with # butanol
in phosphate buffer

Since the 1solanion and 1denuificetion of rhese three biliary prgments
has been accomplished many of the controversies with regard to the
nature of the van den Bergh reaction may be clarfied Pigment I and
pigment II are rapidly dinzotrzed when in aqueous solution or serum
whereas water msoluble bilirubin 1s diazotzed only slonly mn aqueous
suspension The additton of alcohol or other organic solsents greatly m
creases the speed of this reaction probably by prouding solutton of
bilirubin and much greater contact with the reagent The van den Bergh
reaction however provides no differentiation between pigments I and IT
I have been unable to modify the van den Bergh reaction so that deter
mination of the direct and indirect reacting pigment present corresponds
to that found on column chromatography Good correlation may be
obtained when most of the prigment 1s indirect or when most of the pig
ment 15 drrect and pigment I Pigment I mn serum reacts directly to the
van den Bergh reagent at a slow er rate than pigment I’ so that the reaction
1s not complete before considerable amounts of bilirubin may be diazo
uzed

Concepts concerning the formation of bile pigment which were
formed befare recognition of the third bile pigment hold that bile pig
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ments are formed fram hemoglobimn s 1t 15 degraded by the reticuloenda
thelial cells of the bone marrow and spleen In the absence of the liver
this bile pigment accumulites in the blood ® and gives an indirect or
delaved reaction to the van den Berghss reagent VWhen thrs bile pigment
15 excreted in the bile 1t gnes 2 prompt direct van den Bergh reaction
If balary exeretton 15 presented by obstruction of the bilary ducts the
bile prement retained 1 the blood reacts directly with the van den Berch
reaoent If the Irer s removed subsequent to the development of ob
structive paundice the direct reacting serum bilirubin remamns subse
quently at the same level but the total bilirubin of the blood contmues
to increase because of the addions of ndirect reacting bile pigment
from the reuculoendothelial sy stem ®

It was noted however that the mdirect reacting bilirubin of the Iner
less ammal was not evactls ke the indirect reacting bilirubin of the
blood of norm1l human bemas or of those hning hemolvtic icterus As
the amount of biirubin 1n the erum increwsed after hepatectomn  the
ndirect van den Bergh reaction became mare ripid and brlirubin ap
peared in the unme Neither of these findings was noted m human
bemgs when only indrrect reicting bilirubin was present m the blood
The bilirubin 1n urine gave a drect reaction to the van den Bergh reagent
Chinteal apprassal of the 1mounts of direct and mdirect reacting bilirubin
m the serum of icteric human bemnas 10 showed that the indirect form
was found in the presence of hemols tic © pes of paundice but that the
direct reaction was present in obstructive jaundrce and 4lso during hepato
cellular jaundice It was soon found howeser thar the blaod of many
1cteric human bem s contained both ty pes of bilirubin m vanag pro
partions Attempts to classifv jaundice accordine to the rehine amounts
of mdirect and direct reacting bilirulin i serum hue been onlv partially
successful and often farl when both 1 pes are present

A revaluation of knowledge cancerning the metabohsm of bile pig
ment s necessary The finding of pigmene 1 ranes the question of 1its
metabolic sizmificance and also the question of whether its unrecognized
presence in previous studies has led to erronenus conclusions with regard
to the metabolic aspects of pigment 1T and bilirubin

T hne confirmed Cole and 1 athe s obserations thir the pigment mn
callbhdder bule of human bemncs 1s about 75 per cent przment Il and 25
Per cent prgment 1 and contuns onby traces of bilirubin 1 found simthr
concentrations of Inle prgment n gallbladder tile from normal dogs
Hepae bule from dogs with Ilary fistulas alo showed ssrular propar
f10ns of pigment I and 11 although the concentration of total prgment was
less than that of callbladder bile The pigment i bile obtained from
bihiary fisculas of rats wis fo to go per cent proment I and 10 to o per
cent pigment I These fis,ures indicate thir the byer seeretes both prgment
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I and pigment 11 the bde 1 alsa studied gallblidder bile abeaaed at
necropsy from two jaundiced persons who succumbed to fiver dnease
Onlv 35 and 4o per cent of the bile prament respectineh v ere prament 1l
the remaining 6, and 6o per cent were prgment I These proportions of
przments I and I corresponded closels to those in the blood withdrann
from the same persons a few davs before death

Studs of retennion icterus which was produced m dogs by hganon of
the comman bile duct dusclaned that te was sccomparied Ut the appearance
of prament II in the blood Onlv traces of biltrubnn were present and the
drect reactiny prgment was o per cent prment Il and o per cent pie
mene 1 during the first week of obstructn ¢ jaundice Rats also were found
to have mamh pigment I mn therr blood for the first few davs after
higation of the ihary duct (prament 11 8o per cent and piament 1 o
to 5 per cent) Durmg the second week of obstructne jaundtce 1 the
dog the concentrattan of mament T in the blood betan ta ncrease amnd
I i to increase subsequenth  The total bile praments of the blood
did not merease so that the merese of purment I was asocrted with
decrease of pigment 11 1n the bleod These findings indicate that earh
m retencton of bile prgments [T and I which are exerered m bile normalls
are retuned m the blood and much of prament T 1s converted to prgment
I Continucd bilian obstruction appears to preduce sufficient damage to
the liver so that Jess conversion of przment T ro pigment IT occuors

Dogs becoming jrundiced after admnistration of toluenedtamine were
found to hive an incrense of prment I pigment IT and bilicubin in their
blood The relitne amounts of cach vared from animai to ammat and at
different imes durmng the course of the jundice From 37 to 6, per cent
of the direct rexcting bile pigment of the blood appetred as prement I

Reperred admmmtranon of ethiomine produced jaundice sn dogs In
this form of tterus pigmene I but not prgment 11 was found m the blood
In mv laboratory also we have produced j1undice m one rabbir and one
rat by the adnunntrition of icterogemn a pentacs clictrterpenc extracted
from Lipprr rchmmm Puars 't Duning a pertod after the use of this drug
prement free bile mav be exerered  The prement retamed m the blood of
the tw o anmmals which I hive studied appeared onhy 25 pigment T

Afrer complete removal of the Iiver from dogs the vellow color of
hile prement becomnes appirent in the blood tsues and unine and the
degree increases progressnels The veflow o be observed visualls m
6 to 10 haurs after remor al of the hver and after this hpse of tme rests for
bile prgment m the hlood and unne are defimtels posine About 4
hours after hepatectoms the bilirubin content ot the serum has reached
about 3 ma for each roo mi of serum The van den Bergh reaction 1s
more rapd than the tipictl mdirecr reacrion but not as ripid as the
o pical direct reaction of abstructne jaundice Trextment of this serum
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by the methanol method of Cole and Lathe definstel disclosed tno pig
ments one which was rapidly eluted and another which was eluted more
slowly The first pigment eluted had a1l of the characteristics of pigment T
Elution from the column with butanol was slower than that of pigment IT
The dizzotized pigment eluted from a column 1 the two bands which
characterized pigment I The pigment found in the urine also appeared to
be pigment 1 No pigment I could be found in either the blood or urine
of the Inerless dog In each dog of this sertes more of pigment I than
bilirubin was found m the serum (Figure 1) No direct estimate of the
total amount of each of the bile pigments formed could be made because
of the amounts of bile pigment obvioush retamed in che tssues From
the amounes found in the blood and urme it v ould appear that about three
times more pigment 1 was formed than bilirubm  The total amount of bile
pigments formed after complete remosal of the lner was not grearth
different from that found ar comparable umes after bilary obstruction
Hepatectomy 1 the rat also showed the accumulatton of piyment 1
the blood and somew hat smaller accumulation of bilirubin The urine was
alo found to contain pigment I

L also have determmned the serum concentrations of pigment I pigment
Il and bilirubin 1n a number of persons who had hvperbilirubinema of
some degree OF the serums which contained some direct reacting bile
pigment by the van den Bergh merhod that from persons with only two
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excepuions has shown onlv a single piment in the direct reacting portion
Tour persons considered to have constituttanal hepatie dyvsfunction and
one with icterus due o chronic passive congestion from cardme fulure
were found to hnve onh prgment i addttton ta the ereased balieubna
m their serum Serums from persons jaundiced from other cawses that is
from hepitis carchoss cholelithtasis carcmomn of the pncreas crct
noma of the bier and chlorpromazine contamed both pigment I and
przment Il Smee pigment I 1 formed outude che lner and pement U s
formed onhy tn the Iner the relate proportions of erch retamed n the
blood mught be expected to gave an mdex of the efficiencs of the liver i
comsernng, prgment Iand byltrubm to pigment H Reteneion of prement
11 would be considered as ympairment of excretton of bile wherets re
tention of prument 1 would be considered as fature of the hyer to remove
this pigment from the blood with or withour falure of the evcrctory
process Such informarton would be of satue m che differencnil dinnoss
nd treatment of obstructive and hepatie tvpes of pundsee

Billing reported determmations of the three hyle pizments 1 the serums
of 14 pavents with obstructine jundice In these prgment I consututed
38 to 6 per cent of the total prigmene pigment I from 15 to 35 per cent
and ilirubin from 18 to 39 per cene The mean for the group was pig
ment 1 49 per cent pigment 11 6 per cent and bnlirubim 5 per cent
Three panents with hepatits were found to have more picwent I chan
prgment 1 or iltrubim e their serums Biling s ficures afforded no sept
ration of these two £1pes of pundice However she found that after gy
t1ion of the bilary duct the concentration of pigment H in the serum of rats
was considerably elevated in rehton to that of pigment T and bilirubin

My findings in 23 pattents with hepatocelfulr diserse were stulr to
those repoited by Billmr The concentratton of 4ll three bile pigiments
was elevated m the serum and prament I was the predonmnint prgment
present Twelve of these patents were m the acutc phase of nfecttous
hepauts duning the firse 3 wecks of the dicrse nd of the 11 who had
crrhoss 3 cases were definieh of che postnecrotic type In these pa
tients the distribution of the three bile pigments of the scrum ppetred
0 betr no rehition to the total tile pigment present

In serums from 3 of 27 pattents frundiced becquse of il obstrucaon
I found that pigment II was the predominane bile prment present
wherers in four more of prment 1 was present Fourteen of the 27
patients were suffering from obstroction due to carenoma ¢ from obstrue
ron due to stones 1n the comnton duct and ~ from bengn sencture e the
commen duct The distribution of the three bile prements an the serums
was not related to the toral pigment present The rclanve amounts of
pigment 1] and pigment 1 present in che serums of these patients were
tabulated s the pescentage of pigment I preseat m the sum of both
direct reacting pigments I and II and thae oo punus the per cent of
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moment 1T s the per cent of pigment I The percentage of prement 11
and the percentage of patients with each group of lesions are shown i
Iigure  Trom values ohtained for the per cent of prgment 11 the
serums of the 50 patients in these two groups a fur separation of groups
1sappatent The clinecal diagnosis of each of these patrents w s made prior
to the septration of hile prigment In retsospect the differential diignosts
between obstructne jaundice and hepatocellular disease would have
teen nuternlls aided 1n several mstances 1f serum 1 whieh prement 1
constituted less than 50 per cent of the total pigment had been convidercd
a ndicatne of hepatocellular disease and serum m which pigment 11
constituted more than 5o per cent of the total prgment had been con
sidered 25 indicativ e of bilary obstruction

Thare no valid explination for the fact that my group of patients with
biliary obstructron showed more pigment 1 than did the 14 patients re
ported by Dillng I do not believe that differences in techmques are
e ble for the discrepiney The tech closely followed that of
Pillmg Vv findings 1n patients with hepatitss closely correspond to her
findings 1n thar disease as w as the case also 1n 4 of our 27 patents with
obstrucmve jaandice
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Hepatitis~23
%sor— Bihary obstruction 27
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Per cent, of direct-reacting pigrment as pigment 11
r'ﬁ}u 2 D telunon of Drect reacung pement 1 in e crum of jatents
silening fr m lver di ease On this chart the per entape of th ¢ tal drect
peccung pigments (1an £ 11) n the serum that 2 pigm nt 114 ¢l d The

percentage vhich va prment I ma 1 e tmared [ ch d t repre nt the
P of the 33 panent b ving, hepato ellular diease n hom the per
eNtage of decer reacts 1o piun ats 3 the erum that  as pgnent Il as
pear the indicared figure Tie of n circl 5 reg rescnt the percentate of the
{'n,';"“ hn; 72 bilan oberucti n uwh the corr p ndmg talues of s
oy gn ¢F Piame €1 in the se um Three of the 4 patene represented by
Pdtmiled Crerepn n da s of p mecr to cirthass
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Statanary

The recent demonstraton of the presence of three Iile praments m
most 1cter1~ secums necessitates 2 resaluation of the concepts of yaundice
Pigments I and I both react directh with the van den Berch reagent,
are excreted n the bile and mav be excreted in the urine Physiolomic
studies indicate that pigment 1 and bilirubma (indirect) are formed ourside
of the Iner and thar consersion of these two pigments to pigment 1T
occurs onh i the Iner Following uncomplicated obstruction of the
common bile duct of animah pigment I predomunates in the blood which
wndicates the conunued comerston of prement I and tnlirubm to prement
II WV ith continued bihars obstruction larger amounts of pigment 1 ap-
pear in the blood The partition of the three bile pigments of 1ctenc
serums from panients suffering from hepatocellular disease or from ob-
strucmve purdice was determuned in so cases In this small senes it
appeared that retention of a hrge portion of pigment 1 was associated
with hepatocellular disease and that larger amounts of pigment Il were
retamed when bihary obstruction was present
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The Diagnosis of Hepatitis
by Needle Biopsy

EDWARD A GALL AMD
(Cincinnatt. Ohia)

The contribution of the needle biopsy method to the understanding
of hepatitis needs no elaboratton No longer m the forefront of chiucal
myestigative procedures 1 this ficldd biopsy obscrvations have nonethe
fess left an indehble tmprint wpon medical concepts The older contro
sersial hy potheses stemmung from conjecture and from studs of the fatal
lesions at necropsv now rarely ntrude themselves The biopsy method
has served to establish the dentity of hepatitis 2nd perhaps of greater
significance has provided means for the appraisal of clinscal phenomena
and the assessment of laboratory results A reflection of this 15 the height
ened assurance and accuracy with which the diagnosts of viral hepatitis
1S now made
?n‘lx\ 2 small number of jaundiced patients present serious problems

diagi It 15 rmpossible to estimare the actual proportion
of correctly recogmized cases 1 which reservation evsted m the mind
of the chaician However 1f one evaluates only upon the bisis of ev
pressed opinion without concern for degrees of uncertamty  experience
mndicates an error of approvimately 10 per cent In Cises W 1th switable
chiucal data T and plete laboratory studies
(Figure 1) It 15 the purpose of this paper to review the lesions appeaning
m biopsy specimens m this small group of patients in whom dugnostic
eeror occurred with greater than oceasional frequency Itisin these cases
that the needle biopsy method has its major chmcal apphicatton

The histologic features of 1cute and chronic viral hepatins have been
authonitatnely described earher 1n this svmposum A brief eabulr
Tesume 1s necessary 1n order to provide a base line for contrist purposes
(Table 1) It 15 noteworthy that despite vanations m degree there are
o constant features a unmn ersal portal area exudate and accompany ing
esidence of parenchy mal cell imurt 1 one form or another (Fieures 2
20;5:4 15) In the varmnt of hepattis charactenized by 1 profonged

occasionally simulaung obstrucme jaundice 1 % the reactne
Portal area exudate assumes a promsnent position m the tustologie process
475
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DIFFERENTIAL DIAGNOSIS OF JAUNDICE
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Fravre 1 Percentages mdicate accuracy of dia n sis as @ termined by hisen
and pht real exammation labcrators tests and needle biop sy evammanon
alene and in combwmation

Taewe 1
VIRAL HIPATITI — HISTOLOGIC FUATURES
Larencryma et A
Balloon culls Unncrsal evudare
P udoacit Lymphocy tows
e ses \hld cosmophitia
Huahn cell Unds ruebed ductule
Focal ~ctosss Pecudoductal formation
Lamphe e e saecliseosts Percholan,
No far hupffer cell proment

Bylc <ta 15

the parenchy mal alterations though persistent. may be difficult to demon
strate (Figure 8) To this pattern m which mflammitons elerients appear
more heavlh concen rared m the are: occupred by the interlobolar duc
cules the term  periclylangins has been apphlicd ! This 1s 4 pureh
descriptive expression and should not be raken to mdicare a specific lesion
(Figure 4) It certainh docs not regulardy accompany ans speend train
at chmcal events

Vlanv patients 1 ith infecuous mononucteo 15 evhibir jaundice  and

most of them have laborators evidences of hver imparmeng ¢ 6 8 14 * 3t
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Ficure

th"m:m:\(urc sieal hepauts Low p wer sten of a needle samgle sho g

e An]c umr\crsnl promincnce of p rral areas due to inflammrory 2
o of note 1 the absence of farty  acuol zati n
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Acute \iral hegana  Larenchymal clements are s cllen m
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Fictre 4 Prolonged viral ( cholanmoline ) hepanms Lymphocytes nghtly
gathered abont an mntsct 1nterlobular ductule comprse the lesion designated
percholangius
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Fioure 5 Infectious mononucleost Large numbers of atyp cal Jvmphacytes
thro the smusoids mnto unusu 1 prom nence Li er cells here are esseanally
unremarkable m appearance else here they exhibt changes not anlike tho e
observed m mild viral hepatius
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The hematologic mamfestations howeser usually suffice to clanfy the
diagnosis On the other hand the presence of a disturbed penpheral blood
picture m hepatinis has czused some confusion 1 differenttation The
cases of mononucleosis 1n which histologic studies have been carnied out
have shown hepatic alterations almost identical with those seen m viral
hepatitis 1* 3 There 1s not umform agreement that the portal area ex
undate 15 specifically characterized by the presence of atypical lympho
cytes In this Jocanon the cells do not lend themselves to clear cut ¢y to
logic defimtion A much more charactensuc finding 1s the presence of
varable numbers of Iy mphocytes here recognizably abnarmal in many
of the hepanc sinusoids (Figure §) This acroally constitutes the sole
means of di unction in flond cases

Oc ndividuals are ed with scenung acute viral hepa
nitis apparently m an mitial artack Who upon biopsy are found to have
well advanced cirrhosts of one or another variety (Fygure 6 and Figure 7)
There 15 evidence of recent actwation with mamfestations of both cel
lular damage and mflammatory cxudate and m a few frank prrenchy mat
necrosts has supervencd These represent instances of latent cirrhosis
obuioush antedating the appearance of the jaundice which presumably
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¢ Hepatic necrons wich nodular regenerat n Csub cute hepate
' b Swall groups £ s llen mulunucleated parenchvmal cells reflecr
Pnod Derepen rat n These ate erbelled v thin tun stroma the seat

' ¢ afliom ren Panent  ith jaundice of to-weeh durati n was
V1 cd o ha ¢ acute hepat €
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Tiere 7 Posmecrotc cirrhess with active chreme hepanms A hanced
nodular regencration with broad tervening scars The litrer contam lirge
numbers f rea tive mflammators cells Presence of cirrhoss unsuspected
pitient belicved to have acute hepatits

represents cither 1 comphication of the underh ing process or an exacerba
tion of it The episode attracting attention m1y so ¢losely resemble acute
viral hepatius that 1f biopsy hd not been made 1 suspicion of cirrhosts
would never hive exnted Mamy eases cited 1n the literature as examples
of carrrhosis following hepatitis may actualls represent mstinces of this
natgre ! ¥ 0 04 Although taken to support the belef that arf
rhosis constitutes one of the sequelae of hepatitis 1 concept which mas
well be a vald one it 1s ebvious that documentation with direct biopsy
dunng the apparent miual phase of the disesse 15 essenml

A decreasing number of patients with extrahepiuc bilary tract ob
struction require biopsy clanficanon There are 2 few however who
extubie cquivocal manifestations and in these the clinical dignosis and
proper therapy await pathologic studv  The tissue alterattons of obstruc
e jaundice are well known! + 38 Unfortunately many reports
emphasize the features of the severe and fatal forms and 1n such suna
tons the chimeal diagnosis 1s rarely uncle.r In those pattents with early
obstruction 1 whom the comphcations of ductal infection have not yet
developed the morphologic problem mav be somew hat more dfficult
This 1 parncularly the case m attempting a drstinction from the border
hne mstances of prolonged hepatins Under these circumstances certain
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negative observations may assume significant importance Notable 15 the
absence of parenchymal cell alteration of the type seen 1 siral hepatins
(Figure 8 and Figure 9} The pols gonal cells have 1 quiescent apperance
although a small number mav contain mtracs toplasmic far vacuoles
Centrilobular bile preespitation with capillaries may be no more strihing
than 1s secn m hepautrs but 1s invartabhy present (Fi.ure 9 and Digure 10)
Foct of feathers degeneration  (Figure 1) and bile ale forma
tion (Tigure 1 ) findings pathognomome of obstructne disese are not
encountered n the mild or earhy phises One may note on the other
hand munute foct of necrosis about intercellular bile pjugs with loosely
pathered reactne neutrophites {Figure r3) These are m sharp contrast
to the satellite clusters of lvmphocytes surrounding shrunlen eosino
philic cyroplasmic masses observed 1 hepatins (Figure 14 and Tigure
15} Portal ateas contan a relatineh small inflammatory exudate which
rartes n antensity from lobule to Jobule and mav be entirely lacking i
some lobules Concentration about terfobular ductules suggests the per:
cholangitis of hepatitss but p. pred te and ¢k strcally
mugrate jnto the wall of the ductule (Isgure 16) Intraductular suppura
non (Figure 17) mucrocalculus formation (Figure 18) nd bile duct pro
Iiferation are not usually obscrved at this stage When ductular pro
hferatron does occur st may be distinguished from pseudoductular budding
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Faure 8 Frol mped (clolmm Tue ) 1 pare Petle  pacud ac nar sppesr

ance of parenctyal el al ut central e Infammitory fewcw n and bile
staus 35 scant nerac Nular fat absent



Figere ¢ Obstructise jaundice common duct stone  Intercellular plues of
mspissated bile fill the tale caprllanes surrounding the central vemn Althoush
there 15 some ecllular disintegration m this region the parenchymal elements
remam small and relatnely unaffecred

3

<

,
AN

'
ka

Ficese 10 Pralonged ( cholangiolitic ) hepaus Here too cap lary bile
stasis 15 a promment feature Note hovever that parenchvmat elements are
Gururbed and there 15 a considerable inflammatory Iy mphocywe) exudate
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Ficene 11 Of tructne jaundice carcinoma of pancreas Feathery degenera

tns by an of lner cell + tha
venicular tesiduum arranged radially abour a cemral zone m which frank
necrons has occurred
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Fiotse 12 Ol trucu ¢ paundice common duct stone A more ad anced les n
th n that ol sersed 1n Figure 11 §iberated secren n 0 forms a deeph {1z
mented ble Like 1 the center of the zone of feathery depencrac n
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Ficvre 13 Obstructne jaundice caremoma of papilla of Vater 4 small
coagulum of hberated bile and necronc cells 15 surrounded by a neutrophle
exudate Urinsolved cells lack the alterations common in viral hepatitis

br. —
Froure 13 Vural hepanos A shrunken ell ( Vlallory body ) i process of
necrosis Separated from adiacent clements the cytopla m s homo eneus
and eosmophilc the mucler pycnorc Rea ¢ hmphocytes are loosely

gathered about the cell
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Tiotxe 15 Viral hepat uis Focal n hvidual ¢ Il neeross The cell ecitng the
reaction 15 ob cured by the satellite cluster of Ivmphocytes and b stocytes
Neutrophiles are conspicuou ly abscat
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T otwe 16 Obwtructn jaunhice © nmon dicr t ne Acute cholinwns s
characten cd s 1w v n foncuer thiles wr f all of the mterol olar
dutul Neutroj il s appear i the p rdu tal regon a5 vell
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Figtse 17 Obstructine jaundice wich acute cholanmus commen duct stone
Portal area bile duct prolferston 15 accompanied by severe edema and
neutrophile evudate Inflammators cells are also obsenied n the walls and
lumens of the affecred ducrules.
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Ficuze 19 Prolonged ( cholangioliue ) hepanus Portal area 1s enlarged
famed muldly fibrotic and exhul ts psendoductular prohferation Note the
antact and quiescent interlobular ductule to the left

of hepatitis since m the latter the mnterlobular ductule wself remais ntact
(Figure 19) and m the former 1t docs not This ordimarnly cannot be
waluated 1n a single portal arca but requires a survey of severat

Chlorpromazine  methy ] testosterone and certan other agents with
nereasing therapeutie apphcation have resulted 1n the appearance of
yaundice in a small number of patents suffering from a wide vanets of
nonhepatic ailments® 5 7 31 Although presumibhy related to drug ad
minsteation n certan of these cases suspicion of bilary obstruction or
comnerdental hepatiis may be difficult to allay Unforrunately the hopsy
may not be overh helpful Centnlobular capillary bile precipitares with
only minor evidence of parenchyvmal disturbance comprise the essence
of the lesion (Figure 20} However careful scarch will usually reveal
evdence of focal ver cell degeneration with minute clusters of Isvmpho
cvtes and 1n a few cascs spotty portal area round cell infiltration not un
hhe pencholanmitss (Figure 20 and Figure 21) Although there are no
mdicatons of septic exudate and both the ductular svstem and most
of the parenchy mal cells Yack a restless appearance 1t 15 obviously diffi
cult to disungmish this lesion from those of mild obstructine diseise or
subsiding hepants Rnowledae of the special chmical and therapeutie
aircumstances in 2 giien case 1s essential to proper interpretation of this
condimon by the pathologist
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Fitre o ethyl testosterone raundice The lesion 15 ighhiheed by pluss of
msprssaced bile festooned about the central venn Parenchynnl cells are un
remarkable A muld infiltration wath lymphocy tes 1s present i a nearby portal
area
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Ficere 21 Thorazine jaundice In th spe mmen too there 15 centrilobular
bale plug formacon not shown in this Hlu traton The portal area here 1s the
seat of Ty mphocy tic abour the aceal 5
gius) The parenchy ma appears quiesce it
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In mumicipal nstitutions w here alcoholism constitutes the accompant
ment of many unrelated diseases the ictenic alcoholic often pases a sert
ous problem in differential dhagnosts This spectal group consists of inds
viduals who present themselves with deeperung jaundice having recently
enjoved a prolonged donlung bout When 2 clear lustory 15 obtamed
suspicion of what we have chosen to term  touc hepatttis 1 readily
arawed Such a history howeser 1s not alwavs avatlable Laboratory
tests often proside an equisocal spectrum of results and aleoholics are
far from immune to other forms of hepatic disease

The biopsy specimen 1s most helpful here for the leston 15 very dif
ferent from thar encountered m other icterogenic condittons The liver
1s exeeedmgly fatty but the character of the hpid appears to differ from
that obsersed 111 the nutainonally defictent ndividual without jaundice
or other mamfestations of hepanc deficiency  The large ipid vacuoles
o'ten have a foamy mierovesicular structure (Figure 22) The mner
aspects of the vacuales are not shirply defined but are smudgy and
tagged In formahn fixed tnsues artefact proment is charicrerstically
deposited 10 the fuzzy area serving to highlight tlys feature The far 1s
uregulaly distnibuted i the lobules but may myvolve all parenchymal
elements It 1s common to find vamations in ¢y toplasmie stang  and
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Liwke 23 Acune tovie hepaun Luer cell
Many cells exhtst mirovacu 1t o and
Margns of the vacuol
£ mualn prgment

re syvollen and obsi u'ly farry
teme granular mgment depon ¢
are fuzzy and often marhed by the prescnce of



Fictre 23 Acute tovic hepanuis alcoholic mntoucation Swollen Iner cell
contans smudgy cosmophilic introcy toplasmic matenal { alcoholc hyalin )

"
A gt
»,
2 h
N
ag:ﬁ
Jh
%) ’s‘.}q
i
(Y
]

R
LR

)
2
1%
3/
%)

k-

5
e
&x
'y
;

Lty Fy
s B 1 et 7S
L 4 i‘l;’x X ‘.’gﬁ“ A

AF
F ~(>)>>\;;~‘ Y L ot
L g S E AN
Y <

Al L2 S ALY SN
s D AR oY M
» ILLIANS

J v
vt 7% b A /
- ¥ .

M wte Lo LU I LU
Froure 24 Toue hepanns carly cicrhosis A stellate portal area contans an
essennally normal centrally pliced terlobular ductule_but 1s fnnged by
Cellolar cords resulnng from pseudoductular proliferation The latter probably
reflects response to wury m the surround ng fatty parenchyma
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so called alcoholic hvatin charactenized by an il defined but refractile
eosmophihic ntracy raplasmic deposit 1s often evident (Figure 3) Here
too there 1s capillary bile plug formation and hupffer cells are thrown
mnto prosmence bv a heavy content ot ipid and pigment Focal necrosis
15 a common feature m the mote severe forms of thus Jeson This 15 ac

companied by a contiguous neutrophile exudate Porral areas are swollen
edematous and mav exhibie stellate configuration Inflammatorsy cells are
frequent but are not present 1n excessive numbers Neutrophides usualis
predommnate and are mtermived with round cells Although the snrer

lobular ductule 15 unaffected certam of these cases reveal pronounced
pseudoductular profiferation probably reflecting response to parenchy

mal cell necrosss (Fyrure 24)

Senal study has shown that tovic hepatius of this type 15 2 potentialls
reversible lesion 1n patients who have recovered only mmor residual
sugmata mav be found Others however have shown progression with
extensi ¢ necrosis and have succumbed i hepatie comn There 1s good
reason to behieve that thus process may indeed represent one earh phase
1 the pathogenests of nutrinional eirrhosts The number of patsents with
towe hepatitis who proceed m this fashion cannot be estimated It should
be noted that the lesion 1s not limited to ndmviduals who are aleohohic
it mav appear following exposure to certan other hepatotoxic agents
Indeed even m the panent with evidence indicating alcohol poisoming
the lesions may not represent the direct effect of alcohal ar all Persons
so addicted are notonious for the bizarre nature of substitures with which
they may experiment

The conditions desersbed constitute the bolk of those which have
offered some dugnostie difficulties Table  and Table 3 contan the

Tasut 2
DIFFLRENTIAT DIACNOSIS OF JALNDICT
Varal Obstructine Tovic
Hepatins Jaum tce Heparitzs
Latular Parenchyma

Ballon cells + + [} Y
Pscudoacing + o o
Hhalin cell + [ o
Hhaln ner [ o +
Fuocal necrosts. + + +

Lymphocyte
satelhtc sis + a 4

Neutrophile
satellicosis o + +
F1 [ + +4
Bile stams. + 44 +
Bike lake o + o
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Tawir 3
DIFFERLNTIAL DIACNOSIS OF JAULNDICE
Varad Olstriucts Tovw
Hepy s Jren e Heprns

Fortdd drez i ”

Unnersal evadate +++ & +

Lymphocires +++ + +

Eosmophiles = 0 EY

Ncutrophiles + ++ +

Fibrosis o £ ES
Ductule

D1 turbed 0 E o

Proliferation [ E Rt Q

Psevdoductule E3 0 +

Tsudare 0 E R o

Penicholangitis ++ = =

cvralogic chatactenstics which aid in deffereneal diagnosis There hate
been a small aumber of other diseases which though rare deserie some
attention

Pilephletitis resulting from an obscure septte process in the portal
system mav provide momentany dugnostc difficuls In our bropsy
studies there have been three wstances of jaundice with heparocellular
features one due to Bacreroides mfection and two to infection vath the
coliform eroup of organsms \licroscopic mspection of the small portal
area venules demonstrates the pathognomonic leston of septic senous
thrombosis accompanted by pern ascular nentrophihe exudare (Figure 5)
Parenchymal elements mas be entirely unaffected or may extubit pyemic
abscess formanon

Jaundice 15 of conrse a common nccurrence duning the newborn pe
nod Few such pauents are susceptible to the transcutancouws pecdie
tiopsy methed but 3 number have biopsy matental procured dunng ev
ploration for supposed bilury abstruction  Ameng the condrttons recog
nized by this means has been the dehared disorder gunt cell hepa
tins ? 1% 303 The evtologre features of this condition charactenzed
by enormous multtnucleated parenchy mal cells require no exrended dis
cussion (Figare 6) It should be anted that this allegedh umque cvto
logte festure 15 not lomted to chuldren but has been encountered with
varving mrensiny an adults as well The range of cellular ary pism n adults
with this phenomenon etends from mulnnucleated balloon cells com
monplace n eprdenuc hepatitss to giant parenchymal elements dentical
with those seen m the newborn cases (Figure 7) Some of the adult
pavents have been considertd ro have classical viral heparus

During recent 3 ears INCreasing rtenton has been mven to certan 1
born etrors of metabolsm which may be manifested by acterus 31 3° 8
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TiGure 17 Gunt cell hepatits i an adule Celly are sdentical with those
shown in Figure 16 Patient was a 45 year old man believed to have hepattis
nduced masstve hepauc necrosis

Although gl has been recognized for almost 5o vears its 1m
portance as a cause of serious even fatal hepatic discase has enls had
general recogmtion for the past decade The disease 15 one which can
be effictently handled therapeuticalls and prompt recogmtion may be
Ife saving The lestons produced presumably as the resule of the toxtc
effects of improperly metabolized galactose are not specific Liver cells
extubir evidence of profound myury with severe fatty change evtenstie
neerosis and even advanced cirrhosis (Figure 28) A pecuhar acinus the
arrang ot myured § hymal cells about droplers of inspissared
bule (Figure 29) has been said to be characrenstic of this condition but
obvioushy 1s not  The need for recogmuon of the disarder 1s evident
That 1t may represent one of several hepatic derangements attnbutable
to gepetie abnormahities justifies further thought ¢

SurINARY
Three conditions (virzl hepanitrs toxic hepatiis and biltary obstruc
ton) comprise the more cominon affections offering dificules in che dif
ferential diagnosis of jaundice Obviously there are many other diseases
wluch also require constderation but their over all merdence 15 low and
they are more readiy dist hed by clinicat In all of
these howeser the needle biopsy method provides a relatnely safe and

effective means of recognition
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Clmical apprecation of viral hepauns parucularly when proper fus
tory and physical examinanon are supplemented by judieiously selected
laboratory procedures has attamed a high level of accuracy In no small
measure this reflects the influence of bropss studies carnied out during
the past 1, vears Indeed ar the present tme onlv 2 small percentae of
ictenic pauents require ettologic clarrfication by biopsy

The cnrena for the h|smlngxc differentation of viral hepatins from
those d which ble 1t are shown i Table and
Table 3 Dustincoion of mfectious mononucleosis cirrhosts wich jaundice
p lephlebitts metastatic neoplasm and many other parenchy mal processes
15 also readdh made by this means On che other hand amy inference that
the hustologic method 1s free of pitfalls 1s certamly unjusufied A difficelts
exsts in assessing the peculiar lestons encountered in patients who desclop
raundice following the adminsstranion of methvl testosterone and chlor
promazine \licroscopic mnterpretation here must have the adjusant
benefit of chinteal data

This however 1s not an unmned blessing since at least one source of
pathologsst error 1s the unduc mfluence of nusleading chmeal mmphca
tion Contriburors also are the evpenence and cntical capacity of thc
microscopist The aluhry o avord mrerp 10n of
for analy s1s by reason of size finxation or techmical mfenont) 15 1z drrect
relation o these features
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DESICNATED DISCUSSION
Hrcror Deecer M D (Santiago Clule) The usual procedure for evatuar
mg the help of the laboratory mn the dlﬁercnm] diagnosts of jaundue 1s
to compare 1ts results with the final d the ad;
laboratory report 15 used n other msestigations the peal value of the
laboratory tests during, the course of the discase 15 utilized

In our st co cases of hepatitis (accordmg to the diagnosts at the
moment of discharge) we hase compared the admission bedside diagnosis
with the first report of the commonly used laboratory tests (prompt
direct and total seram bilirubin total cholesterol alkaline phosphatases
cephalin cholesterol flocculition test thymol turbrdity and focculition
and collordil red reaction)

The bedstde diagnosis was made wnitten and signed by the phi sictan
actually 1n charge of the patrene The purpose of not using 2 specal diag
nostic team was to have 2 true over all piceure 1 a large medical service
The atrending physieian did not know the Jaboratory report untl he had
sent us written dragnosis to us

The results of the compartson betw een the admnsion bedw Ie dignosis
of hepatic paundice and the first laboratorsy repore arc shown in Tigure 1

It can easily be observed that in 34 snstances the attendin, phy sicran
did not mahe the admission dragnosts of hepane jaundice In 17 cases
he dirgnosed posthepatic jaundice and m 18 he did not commut humscIf

CONTRIBUTION OF THE LABORATORY TO THE DIAGNOSIS OF
HEPATIC JAUNDICE IN 200 CASES WITH FINAL DIAGNOSIS
OF HEPATITIS

ADMISSION _ CLINICAL _ DIAGNOSIS

tncorrect
Correct or doubtful
166 34
Vi
[FirRST L ABORATORY REPORT]
Hepatc li)m{ce Posthepatic jaund ce Hepatc jaund ce
146 '3 o 32
neonctusive inconclus ve
17 2

Fiusas
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In 32 of those 34 cases the first hborators report was for hepatc jauadice
and m 1t was meonclysne Of the 166 cases with a correct admssion
bedside dugnosss of hepatte jaundice the first libaragary report was for
hepatic jaondice 1n 146 for posthepauic jaundice 1 3 and inconclasne
m17

In summany 1n none of these 200 cases of hepautis were both the
chmeian and the laborators stimulemneoush wrong Al the cases m which
there was a discrepancy beeween both methods were subjected to addt
tonal studics and the correct dignoss was mide None of these cases
was subjected to surgical exploration

It 1snteresting to note thir a complete agreement berw cen all the tests
used and the diagnosts of hepatic jaundice was obtained 1 ouly o7 of
the 200 cases (48 § per cent) Nevertheless the laboratory was interpreted
as mdicatne of hepatte jaundice 1n 8¢ more cases shght discrepancies
berveen the different tests were duwregarded and the laboratory dig
nosss of hepane jaundice made according to the aver 2l laboratory pic
ture This gnies a toral of 1,8 cases (89 per cent) with a correct 2d
musston laboratory diagnosts versus a total of 166 cases (83 per cent) with
a correct admussion bedstde diagnosis

If onlv one Mboratory test 1s considered the agreement between 1ts
first reporr and the hinal diagnosis m these oo cases varted berween 61
per cent for alkahne phosphatases and ¢ per cent for the cephaln cho
lesterol flocculttion In spite of the apparent value of rhis list single test
the 1solated performance of one flocculition reactton 1s not te be recom
mended m the differential diagnosss of jaundice Unpredictable changes
n sensitragy can ersih be depicted by dhe sumultancous use of other tests
Morcover the cephalin cholesterol floceulation test gave a large number
of positive results n 1 sces of posthepatic jaundice cases studted duning
the same peniod in which the oo cases of hepatitis here analyzed were
observed

‘The number of cases of hepantis i which the adnussion dngnosss of
hepattc jaundice was not mde may seem too lgh Nevertheless the age
distributton of our cases could account for it In che whole group of
200 cases only g5 or 47 § per cent were below 30 vears of 1ge and
the group of 34 cases with an incorrect or doubtful admusstory bedside
duagnosts only 11 or 32 g per cent siere younger than 3o (Table 1)

As has been shoun tbore the hboratory tests n common use m the
studs of jaundice help in the differentiation betw cen hepatic and post
hepatic types Nevertheless m cases of hepatie jwndice they do not give
sddwonal mformatton regarding the acute or chrontc character This
Mifferentiation may be of dizgnosuc and prognostic sigmificance

There are some newer tests which help in the differenuiation between

acute and chromc T pes of Iner diserse with jaundice Among, these
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Years of Age Total Group Cases with Incorrect

(200) or Doultful Admission

Bedside Diaenosts (34)
10~20 10 1
20-30 8 0
30-40 55 5
4o-50 22 6
50-60 15 7
Go-70 7 4
ser 70 I T

aldalase ph

most widely wsed at present
Dr Wroblewsh has wlreads reported his work on transanunmise and
we have previously published our results employing the serum mon de

termination The enzy matic action of aldolase 1» shown n Figure 2

ENZYMATIC ACTION OF ALDOLASE

FRUCTOSE 16 DIPHOSPHATE
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We hate determined the aldolase actrits of serum according to the
method of Sibles and Lehnmger in 156 paucnts
Acure hepatitis
Crrrhosis of the liver 44
Posthepatic jaundice 52
In 47 of the cases of hepanutis scrum iron was also measared by the
method of Barkan and Walker
In  apparenths normal subjects studied by us the values of serum
aldolase had a mean of 4 08 mm® HD P per nulliliter (unuts) with a rance
of 1y5~11. In the 6o cases of hepatits considermg only the adoussion
laboratory exarmination the values of serum aldolase had a mean of 2763
unsts with a range of 3-go
If we constder values of over o untts of serum aldolase as of diagnostic
«ignificance 68 3 per cent of our cases of hepatitis and 3§ per cent of
our cases of posthepauc jaundsce bad figures of this magnitude None
of the apparenthy normal subjects or of the eases of cirrhosis bad values
of over o units
I Figure 3 the combuned results of serum won and serum aldolase de
terminations in cases With different & pes of hepatobilary disease vith
jaundice are illustrated Only the cases of hepatiis show a combination
of high aldolase and serum iron values The assoctanion of aldolise over
20 umits and of serum iron over oo gammas 1s scen only m cases of
hepanns
The course of aldolase values in relation to those of bilirubmn and tron

SERUM ALDOLASE AND SERUM IRON IN NORMAL SUBJECTS
AND PATIENTS WITH HEPATOBILIARY DISEASE
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1 a typreal ease of acute hepiuts 15 shown i Figare 3 Aldolase and
belirubint follovs a parallel course reaching normal values almose stmul
tancously on the contrars, serum sron remans elevated for a longer
period

COURSE OF ALDOLASE IRON AND BILIRUBIN i SERUM W A casE
OF ACUTE BENIGN HEPATITIS

PTL
— i

or

o et gzt vioy

oot s€

ooy

v

LXS

Freey



Pancl Discussion on Differential Diagnosis

HI'NRY BOCKRUS MD  Aodiruor

Surna Surrroen M D (T ondon Fogland), Chamizs S Davimsox AMD
(Boston Masvichusetrs) Ceartes Jorswion \UD (Deteoie \lichigan)
Veeror M Sporov MDD (Redwood Cies Californta)  Jous R Nrise
MD (St Perershurg Ilond1) Iros Scrre M D (Cincinaats Ohio)
Hreror Ducar MDD (Sanage Chile) G A ey MDD (Flam
burg Germanyv) and Irrm Wrostrnsir M D (New Yor! New Yorl)

Crumaias Boces The fite queston 1 VWhen should one suspect
hepattts in the pretcterie stage largels on a clintcal basts?

Dr Srorov 1 asted Dr Bocl us to gise me all the questions that stood
on end Thts 15 1 seeff one and apparentdy 1t 1s standing on end The diag
nous of vral hepauts i the preicteric stage 15 of course an extremely
difficult one to make beeuse the prescterie stige of hepantss can nnme
the prodromal svmptoms of many mfectious diserces

The patient may mamifest only fever malwse and anoresr which are
very common 1nd nonspecific camplunts \Wath the comung of jrundice
ar preceding, the jaundice dark urtne may be noted and onc then be
comes much maore swspiciows of the disgnase of hepatits 1 think thar
darl urmne 1 perhaps the hes finding or the hey complimt of the panent
m the prodromi stage of hepanius

The dark unine mm accur from twa to foue duvs prior to the tme
chintcal prundice appears nd reallv focuses attentron on the Iner

Trequentls an cnlarged 1nd tender haer is found 1t thus stae and
thus the localization of the disease 1 the hiver can be more certan At
this ime o one would wane to lool ta the laboratory for diagnostc
Liver funcuon tests and s s been shown by Dr Neefe and Dr Remn
hold the turbidiy and flocculition tests 1re often posicve in this stage
If ane 15 forrunate cnouLh to hue the seram glatumic oxalorcene trans
ammase test avatlable 1t might be used as an indication of Iner dysfunc

ton

Cramrviay Bocwnts  Wiich of these newer tests thit vou have been
heanng so much about this mormng does the panel feel has the greatest
prosuse 1 the dragnoss of the preictene stage of viral hepatus®

Dx Ducet 1 thunl 1y of the enzy me rests but T would recommend the
tric method for transaminase because 1t s stmpler

colorime
504
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Dr Surrtock [ think the three most imporrant pomnts in makine an
early dumnosts of virus hepatits ar¢ findinz both a tender Iner and
bilirubin 1n the unne by a scsine method such as the tblet test or
Fouchets merhod, m the presence of a normal sedimentation rate

Crnurstas Bockts Did we have a clear understanding from Dr Viro-
blewshi as 1o just how snon the transamunase may be anneaipared as beng
posimie m viral hepatiis i the human  What 15 the amne on that
Dr Wroblewsh

D=. YW rostruskr The longest ttme n an epridemic <ituanon where the
dumnosts would be su pected that we have obsened 1s shour 6 dnvs
In other words. 6 davs before the patient deyelops sy mptoms there were
chanees 1n the enzvme test which suazested that the panent was going
to desclop hepattis

This 15 m contradistinction to the concept of the incubation penod
of this disease It would appear that some of these panents have 2 lonrer
meubation period, erther by virtue of the size of the moculum, or by
virtue of the immuniy but in amy case we have obsenved 1t anvwhere
from 65 davs to shorter penods prior to the des elopment of ss mptoms.

Cizvraias Bockus Is it the feehne of this panel thae this test 1s comng
o be utlized by all of vou frm this moment on, i any patient who has
been 1 contact with this disease  Is that v our fechne Dr \eefe

D2 Nrerr T would think that we undoubtedlh still need to document
this test Tt sounds vers premume but if does not seem to me that there
15 vet sufficient evidence t¢ kpow st where it fits into the picture

Crumvias Bockts  Are there amy other comments sbout this facet of
transamnasc

Dz Seazar While we a e discusang this with Dr W roblewshe, T wou'd
like 1o 3k of he has had any expenence with the use of this test 1 intra
hepatic cho estasts, uch as accurs n chlorpromazme yaundice or viral
hepatiss manifesting thr teature and whether the transammace s ele
Yated i this dica ¢ Presumabhy there 15 vers little Wver cell necrosss

these con f s, and one would woader whether the transzrnmase would
be helpful.

Da Weortewsst We tn th u ¢ reasurance rather than thorazme In
thre patients wh m we hnve Inened wih thorazne mtoncation, the
el chan es and quantitatine chapees 1 the sern enzyvme are not v
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hike those that are depicted 1n tovic hepantis This of course does not
fir the generalization that thorazine s primanth an merahepatic obstruc
wve agent Inany case we have observed senal and quanntamve changes
n thorazine tovicity which reflect changes associated with tovic hepa
s

Crrarrrias Bockus We have 2 question from Dr Brek to Dr Davidson
The term hepattis superimposed on cirrhosis was used by one of the

essavists Does the pane) recognize ths ennty ? 1f so how 15 st recos, mzed®

Does viral hepanins occur supenimposed on cirrhoss or fatrs Iiver

Dr Davipson Dr Brickh 1t 1s vers nice to hnow that 3 ou are here but
as vou hnow perfecth well T cant answer this question Mayvbe some
of the other members of the panel can but as vou have addressed 1t to
me I wil v Almost every paunent who comes to the Boston Cin
Hospital with crrrhosis and jaundice suggests ta the intern a diagnosis of
airthosss of the bver with supenimposed viml hepatins

1 looked on this for many vears as meaning that the intern didn ¢ know
that this 15 2n unlthely combination of events Viral hepatiss 15 an un
usual drsease tn our commumty compred with cirrhosis so this combs
natton seemed to me to be unlthely ar least in the frequency with which
the dragnosis was made

Houwever looking 2t it a hrtle more senoush 1t seems as Dr Gyormy
has potnted our that there mav be more than one damaging event which
leads to active cirrhosis that s cirrhosts with jaundice not onh malnu
trtion and possibly alcohol wself but perhaps m some snstances the virus
of hepatitss mav add its damaging mfluence

1 am not pathologist enough to alwav s be able to dmstimgunh whether
viral hepats evsts m the Iner ravaged by milnutnnion and alcohol T
find Dr AMallorv who works with us 1s frequentls unsure in determn
g 1n 2 panent who has severe actine errrhoss wath fatey nhltration
parenchy mal disorganization necrosis far and so on whether a lesion
suggestie of viral hepatts s also present or nat Hepiuts supertmposed
on cirrhosis man vers well eust and I thik 1t 1s 2 promusing field for m
vesuzation w hen we can deternune whether a patient s mfected wath the
virus of hepautis or not The fasciniting studics of Dr Neefe concerning
patents mth crthosys and harbonng ot the same ume the hepanms vinos
are to this pomt

Crarvas Bockts Dr Schuff Tam sure 1s very anvous to step mn at
this moment

Dr Sciee I can recall one or two cases that we have seen at the Cn
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cinnatt General Hospital where Dr Gall fas made the combmed ding
nosis on the hasis of needle spectmens of the Iner 1 dont recall the fype
of cisrhosts at this moment Perhaps he mughs hnon We have seen i
wnce or twice

Cuumsas Boeats Would am one else care to prrnapate wn this ques
on?

D Nerer 1 would hhe oab to recall that such 2 combimation con
cenabls s quie paseble as ilfastvated by ene of the Blood donars tint
Dr Norris Dr Rembiold Dr Murras and I had 5 chance t0 see This
Jonor was an aleohole and was piched up ssmphy because s bload had
caused paundice ip a recspresk His blood was proved by De Mureay to
contun hepatss virus and at the same tune on boopsy he had the chancey
of what wontd be called 2 4 Taosh by most pathologists

Telunl, st vhes 2 very expert parhiologst ta snterpret seedle Iner biopsy
o0d to distingush betw sen the finer degsees of adianced active diseace
regicdioss of the patholoay Certanhy m this case [ vwould not hnow
whether it was the alcohol or the virus ot both thit was responwble It
M be that several shings e needed fo produce s cotwbnauon

Crnenian Pockys D Marum does 1t happen sn Germany ?

Br e € e never seen it bue ¥ believe Pr Popper mennoned
3 35 one of the Viaoy conferenees 1 dont hnow whethes he would com
ment Tle made a satement that ot is apparentdy ver rare w tus maternal,

DR Surrsocn [ hnae scen this an one accaston ondy This was a 32 vear
ald man who had mfectaus hepatitis 1 an eprdemee m the aem and was
shown by bapay afterwards to hine developed enthoss Three vears
Yiter he had 2 sufficientdy severe gastric ulces to ment 3 gastrectony At
the gastrectnmy 3 tiopsy of the iver wistaken wiuch shaned ancwnagne
arthnys Ele Was transfused at the same time Three months hater he de
reloped what stemed to be o npiedd vires hepatis biopss did show
addwonaf €earures with celtutar mfiltrayens and wecross, wWiuch were
werpreted as acure view hepattts wposed on cirthosas This zssociauon
nant be eveeedingly rare

Cotamaias Paoat s Yo fong does thes sures Ine n the Iner onee 1t gers
there Dr Sherlocky

On Sirminen 1 wih § haew
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Crrurniany Bockus Doesnt that enter 2 Iittle into the discussion Dr
Neefe?

Dr Nrrrer T don ¢ think there are too much data available but Dr Stohes
had 2 carrier I believe who had evidence of carrying the sirus for 3 or
4 years at least and that 1s based on the fact that his blood ciused jrundice
m recipients and some vears later was shown to be still mfectne for
volunteers

So presumably 1t can be carned around whether in the Irver or not
I dont hnow but somewhere over long penods

Crtairnias Bockus T shinl this nest question ss really desersing of rather
general comment Do any of the panchsts ever diagnose and mnige
a case of jaundice on purely chnical observations

Isn ¢ that 2 nice question® Must s ou 2lnayvs hase these mamy laboratory
deternunattons® Is the bedside facet here entirely a thing of the past?

Dr Ssorov In my evperience the answer 1s No!' I dont chnh st 15 safe
to manage 1f vou will a case of jaundice purels from a chmieal point of
view —at letst T do not usnally feel that sccure with the diagnosis
There 15 too much overhpping mn the differentnt] dignosis particularly
when one 15 considerng the differences berween medical and surgical
jaundice or the hepatic versus the posthepatic ts pe of jaundice There 15
too much to be lost T think by waiting 1n a case of obstructive jaundice
when one 1s wrong in his dingnosis Or vice versa there 15 a great deal to
be lost even the hife of the patient if onc diagnoses a case wrongly as
an obstructive jaundice and operates when one 1s dealing with saral
hepatitis

I would sav from general experience 1n all branches of medicine that
one cannot practice too good medicing and that one should mal e 1s full
use 15 1s necessary of Il the laboratory 1nd hustologic datr that 1re nal
able m order to establish a diagnosss and then use whatever laboratory
means are needed to manage the patient

Cuarrvias Bockus Dr Schiff suppose you were shipped off to some
out of the way place to practice medicine where vou didn t have any
taboratories and vou saw people with jaundice VWhat do you suppose
3 our batung average W ould be n the differennal dragnosis of viral hepa
uts versus posthepatic obstructive jrundice?

Lets sav you observe the patient for three weel s You wouldn t op
erate under three weel s answay m all lihehhood unless there was some
sery cructal thing present Constdermg vour ability and expertence 0
Inver discase would your batting werge be very low?
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Dr Scrrr I can tell vou what my bitung average was but not on a
deserted 1shind free of Iiborators factlities

In a senies of 83 pattents tlus series compriing patients with jaundice
of various tpes 1saw the panent wichim 3 hours of admission before
amy Iahorators tests were done There was no opportunits for cheating
T made the dignoss in wntma This was in a general hospital Tt proved
o be correct m 84 per cent of the cases

I compared my own accurics with that of the resident staff 1 was
a Iittle haeher than they were Tthunk they were in the high ;o5 Ina few
mstances whiere I wis wrong they were naht and vice versa

Tthink of 2 clinreran takes a carcful tustory and does a careful phvsical
eumination stresstng particulirfs certan features n the examin.tion of
a jaundiced pattent he should armve at a d nostic accuracy probabls
of around 8o per cent

Cramvas Bocies Dr Schuff in that same group of patents when you
went on and added vour dingnostic procedures were you 100 per cent
nght> Didnt you have a few pitients explored and make a mistake?

Dr. Scirter 1 ehunk 1n that parncuhir group we reached a diagnostic ac
curacs with the aid of liboritory tests and needle biopsy specimens
and so on of a little over g3 per cent

Crarmytay Bockus 1 thik they do a hetle berter than that m Clule don ¢
they Dr Ducer?

D= Drear I think with prolonged obsersation any case of jaundice can
be diagnosed The pinient either dies or recovers Confinin., ourselies to
the hepatitis problem T think the age g roup 1 most mportant In patients
under 20 1ears of a.¢ vou can mahe the dragnoss and treatment oter the
telephone  You dont even hnve to sce the patient In a Jarge medical
senvice howeser [ think che help derned from a good haboratory —and
T have to sy good twice —is of tremendous help

Ciamvian Bockus Dr Davidson did vou have a comment to make?

Dr Dwinson I wondered tf Dr Ducas telcphone system transmutted
color I'would agree with lam that age 15 very important In jaundice of
the older age group of 70 80 and go vears the history 15 often not ver
Bood or very accurate the patent doesn t remember well Physical ex
ammation should help us and ofren does but panents of that age group
often have mare than onc iliness w hich erves ro upset the diagnosis con
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Cuaraay Bocsts Docsnt that enter a hule mnto the discussion Dr
Neefe?

Dr NFFFE I don ¢ think there are too much data mvarlable bur Dr Stokes
had a carrter I believe who had evidence of carry g the virus for 3 or
4 yearsatlewst and that 15 based on the fact that hus blood caused jaandice
mn reciprents and some years later was shown to be still infectnve for
volunteers

So presumabhy 1t can be carried around whether in the hiver or not
I donc hnow but somew here over lang penods

Cratraian Bockus T ehink this nevt question is really deserving of rather
genera) comment Do v of the panelists cver diagnose and manage
a cise of aundice on purely chmcal observations

Isn t that 2 mee questtont Afust v ou 2lwass have these miny Jaboratory
determinavions® Is the bedstde facet here entirely a thing of the past?

Dr Szorov In my experience the mnswer 15 Not 1 dont think it 1s safe
to manage if vou wil a case of jaundice purels from a chmcal pont of
vew —at least T do not usmily feel that secure with the diagnosts
There 1s tao much overlpping 10 the differentt] diagnosis particularhy
when one 1s considermg the differences between medictl and surgscal
jaundrce or the hepatic versus the posthepatic type of jaundice There 18
too much to be lost 1 think by wting n 2 cse of obstructrse yaundice
when one s wreng in his drgnoss Or vice versa there is a great deal 1o
be lost even rthe Nfe of the patent if onc dignoses 2 case wrongly as
an obstructne jaundice and operates when one 1s dealing with viral
hepatitis

I would s1v from genertl experience an all branches of medicine that
onc cannot practice too good medicine and thar one shoutd make as full
use as 1s necessars of 1l the laborttory ind histologic data that are avail
able m order to establish a diagnoss and then use whatever laboratory
means ar¢ needed to manage the pattent

Cuamrvian Booaus Dr Scheff suppose you were shipped off to some
out of the way plice to practice medicine where you didnt have any
laboratories and you s1w people with jaundice VW hat do vou suppose
your batung average would be 1 the differenual dugnosts of viral hepr
fitts versus postheptic abstructise jaundice®

Lets <av vou observe the patient tor three weels You wouldn t op
crate under three w cehs aniway 1n all lhelthood unless there was some
very cruenal thing present Considermg vour ability and expenence m
\ryer disease, would sout batting average be very Jow?
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of saving hospitalizanon and 1 do not thunk ¢hat ever ought to enter nto
this picture

Actuallh T have obtamed vers httle help in general evaluation of a
patient with obstructive jaundice from the hboratory findmes It must
be recognized that one his to have a whole battery of laboratory findings
and these must all be put together and added to the viewpotnt that one
gets from examimung the panent and from 1 good clear cut history

As far as the referral of the pauent 1s concerned the surgeon of course
s 1 the situation of sceng, the patient with viral hepatstis only afrer
he has been gone over mamy times and the patient with obstructinve
yundice Ty not be seen untl many months have elapsed So by the
ume the surgeon sces 1t 1t 1s usually 4 pretny clear cut picture

I have been concerned with the problem of thorazine jaundice We
have had several of these people who hne been jwndiced for a Jong
penod of ume 2nd without at any time the prostravion that goes along
with the usual viral hepatus So the signs of hepatitis are pretey well
mashed At anv rate I thunk that all too much 15 made of the fear of
operating on patients with viral hepanis if one 15 not sure of the diag
nosis

Ve forget someumes that the needling and all the other dngnostic
procedures and the suspense carrving on over 2 long penod of tme
sometumes are much mare devastatne than a wmple operatne procedure
Manyv times operanon 1 2 smpler procedure than some of the things
which are done to try to find out whether or not to operate

In those mnstances 1n which T have heen tmstihen on thorazine jaundice
the patient has not suffcred because of the operative procedure We have
decided pretey definitely ar the time what the problem was Usually this
can be done with the history and the phyvsical examunanon and 1t 1s rare
thar one does have to operate on the patient

What Lam about to sy Tsav with some trepidation because a surgeon
10t supposed to be dealing with virus hepatits Howerer several of our
surgeans here m Detrost myvself among them have had hepants and
we being mterested somew hat in the general field of lnver diseases huwe
assaved without saving amthing to our medical friends to determine
the bile salt content of the bluad In the 1cute phase of hepititis ane does
find (and this 15 10 the acute phase onl ) that there 15 retention of bile
salt in the blood which so far we hme not found n any other instance
even m instances of cirrhosts of the hver

If in addivon to derermuning the ile salt content of blood one gnes
a lietle sumulus by the adnmstrition of ox bile the content of bile salt
goes remarhably igh becawse 1t 15 not excreted as tapidly n hepatitss
s 1t 15 normally

T dont know whether § have answered the question without rassing
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siderably 1 find 1n that age group accurate dignosss 1s difficult and T
am sure my dignostuc percentage 1s well below thar of Dr Scluff

Ouer the vears of beng interested m these pauents I believe I am
less and less able to be sure of differentiating medieal and surgical jaundice
than I was or thought I was

Cramsiay Bockus Dr Schiff relents a Iittle byt and thinks he should
have mentjoned to you a couple of items sn history and physical exam
1nation which were partially the intent of the question

Dr Scier 1 really wanted to stress a point or two i the physictl ex
amination In pattents with viral hepatins the hiver usually extends below
the night costal margin two to three finger bretdths Sometimes 1t 15 not
palpable and 1t 1s usually tender If a pittent 1s seen whose lver 15 ap
parenth quite large and cxtends four to five finger breadths below the
nght costal margim I thinl 1c1s furly safe to exclude viral hepatitis as a
cause of that enfirgement [t does not hold all the time but it does hold
mn a great majonits of cases

On the other hand we have found parnicularly tn suspecred neoplastic
obstruction or invaston of the common bile duct by carcmoma of the
head of the pancreas that if the patient 1s scen fter he has been jaundiced
for several weeks and his Iner cannot be felt on careful palpation with
proper relnation that tends very stronghy to exclude obstructine jaundice
due to carcinoma of the head of the pancreas As was shown by Watson
obstruction 1s complete 1n this type of jaundice in over go per cent of
the cases so that bile stasts occurs the Inver becomes engorged with bile
and therefore should be palpable

Cuamraias Boches Dr Johnston we haven ¢ heard from you I suppose
m Detroit vou have vers few patents referred to vou for exploration
because the medical men are unable to make this differential diagnosts
between viral hepauts and posthepatic obstructine jaundice

Dr Jounstov In relation to the diagnostic aspects of thts matter and the
dependence on the laboratory I think ene must remember that laboratory
1ds 2re nothing more than indications We should not be dependent upon
them I doubt if anvone siting in the laboratory without seeng the
patient could ever make a clear cut diagnosis or differentration berw een
viral hepatiis and obstructive jaundice

Someone here mentioned one of the crucul pomts 1bout ey tluation
of 2 pattent 1€ the deciston to operate upon the patient with jaundice
daes not need to be made hurriedly Ve don t perform emergencs lapa
rotormes for jaundice The onls pressing problem would be the matter
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1t means nothing VW hen v ou have this associated with a igh blood sugar
1t 1s further suggestive ar times

Assume we have done the G1 series I think you sad the panent was
decph jaundiced 15 that night Well whether jusufied or not 1 have
always been a lietle fearful of doing a biopsy 1n a deeply j2undiced pa
tient The few istmnces of bile pentorutis of which 1 am aware have
usually been 1 such panents Perhaps some of the others on the panel
have had the courage to do 1t under those crrcumstinces I probably
would not 1 the deeply jaundiced pauent

Then we come to the next situation We sult dont know and I think
here I would erther wanr another week and see 1f something broke or
give the patient a therapeunc trial of the adrenil steroids It 1s emphasized
that such 2 therapeutic trial would be considered disgnostic only 1f this
patient started o mmprove promptly and clearance of the jaundice was
progressine and uninterrupted W hen such improvement does not occur
orsonly partial we sull don t have a diagnosss and the final resule would
be an exploraton

Crarviay Bochus Y ou would have the steroid therapy first The panel
1sts should take for granted that we have done all the roundabout studies

Tam glhd you mentioned them Dr Neefe because they are important
but each of us cant go mto them i deta! We will presume that all
the general dugnostic studies for ruling out carctnonta and so on have
been done Biliary dramage too 1f you wish so we can get to the meat
of the thing \V hat 1s done in Germany under these circumstances?

Dr Marmint 1would go more into the histors before the onsct of jaun
dice deseloped I think some svmptoms should be mentioned that 15
arthralgla which occurs m about zo per cent of our patients wich viral
hepatiis Then I would ash for rashes and if it happened to be a person
who smokes T would ash tum w hether he stili hikes hus ciparette because
that 15 rather a sensive sign If he has not stopped smoling 1t 15 very
much 1 favor of extrahepatic obstructine jaundice

In the blood we are looking for virocytes That helped us many tmes
In viral hepattns there are types of mononuclear leakocy tes which are
vers similr to those that one can find m mon mucleoss We do a leuko
cvte concentrate as it » called and make a smear of the leukocyte con
centrates and ven often find virocy tes

I'vould alsy comment on the ron The 1ron drgnostie test 1s useful for
a differentiation betw een hepatocellulir and obstructne jaundice Bur at
15 not sa helpful in differential diagnosss of mtrihepatic or extrahepatic
obstructie jaundice

Recenthy we have done sodwm outputs 1 acute hepatitis and we



stz Differentaal Dirgnosis ~— Laboratory Met! ods

doubt about the mregnty of our mternists They do a pretty good job
I thun! because we see vers httle hepatius and most of the time when
they refer the parient 1t 15 because the jaundice is obstructie 1n nature

Crarvan Bockrs T am gong to try to surmmanze about six questions

There 15 a Iot of mterest 1 a4 climical wn on the solution to this
problem and I am gomg to make 1t veny specific to see 1f we can realh
get some decisions made

The hvpothetical patient has been jaundiced for three weeks The
pundice » deep Mamy clincians think 4 decision coneerang the need
for surgery ought to be made at about three weeks The usnal flocculanon
tests the serum alkaline phosphatase and cholesterol point toward an ob
structne tpe of jaundice either within the Iner (medical) or outside
the Iner (surgreal)

Whae addwonal tests of any can be used at that ume to come fo a
deerston Should Dr Warson s feca) urobihnozen test be uithized® Does
the differential level between the concentratton of the serum filrubm
and the serum phosphatase have value i thes istince  Docs the addition
of the gihictose transuminase serum ren and aldolase have salue here?
W hich one should we do first and when?

Let us canvass che panel agamn and decrde what each one of you 15
gon, to do et us dectde which additiona] teses have value and what
vour preferences mav be If decrsions cannot be made with cerramty
after all tests do vou employ hser biopsy under these circumstances®
If that doesnt settle 1t will vou explore?

T am going to start with Dr Necfe and of exch of the panelnts takes
three mmutes to tell us precisely what he does in this situation 1t should
prove most mstructiie

Dr Nerer I would like to mal e 1t a hietle more compheated and assume
that we have had all the tests that have been mentioned this mornmg
and we sl dont know —which happens frequenthy T am sure

Crhamrasay Bockus That brings us up to biopsy eperation or nothing

Dr Nrere The nest thing T would do 1f T hadn ¢ done 1¢ alreads would
be a gnstmmtcstmal (CT) series hecause sometrmes that s dgnostic
and would have been had it been done several weeks earler

1 bate seen patents Without pun with pancreatic lesions who ha ¢
a ngh amy lase or bpase esen though they have had no svmptoms sug
gesuve of pancreauitss 1 think witen vou find that m this preture it 1s
very strongly suggestne granted that it often will be negatne and then
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sery rehable when present On a number of ocersions when the patient
faled to relay hus abdomen and we were not sure whether or not we
were palpating the gallbladder we called in an anesthetist who dimun
ntered sodium pentothsl By this means we hate had good relaation
of the a2bdomen and we huve been able to satnfy oursehves as to whether
or not the gallbladder was ditended This his helped us vers much in
our decision

1 think probably the most rehble index of obstructine jaundice 15 a
combimition of negatne flocculition tests and a steadih nsing serum
alkaline phosphatase and serum bilirubn

In the past weck T was called 1n to sec a pruent 1t the end of sin weeks
of jaundice who was bemg treated for hepantis Her Iiver buopsy speat
men was interpreted as cholanowhne hepatins Beciwse abdommal pan
“Was prominent and the flocculanon tests were negutne i the presence of
2 concomitanels rising serum bibrubin and serum alkabine phosphatase
surgers was advised m spite of the biopsy findings The pent turned
out to have a tumor of the pancreas

There 15 one pamt about necdle biopss 11 cases of yundice If vou
hnow the panent has obstructine jawndice there 15 no pomt 1n domng a
needle biopsy It wont tell vou the cause of the obstruction Needle
biopsy has its greatest danger n obstructine jaundice because of the
chance of bile perizonitis occurning 1s 4 complication

£ 1 am sansfied ar the end of three weel s that evervthing points one
way I might wait wmother weel repeat the alkaline phosphatase the
serum tulirubin and the flocculation tests If 1t sall Jooks hhe obstrue
e jaundice T would advise surgers

If there 1s a discrepancy in the laborators tindings some ponting one
Way and others pomnting, another [ think one 15 justsicd m doing a needle
bopsy of the lner T will tell the patient 1n wvance Lool ' We mn be
able to decide whether you need 1n operation or not by this procedure
If we get into trouble an operation may have to follow  VWith chat at
utude we have proceeded

As a matter of fact i the exly dns of liver biopsy before we were
aware of lile perttonits s a complication of obstiuctine jaundice we
obtamed needle specimens 1 thirty conseeutne cwes of obstructive
1undice without mishap

Cuarmvin Boct s Will someone on this panct discuss the value of the
oral gathetase test n this dufferentincion Suppese you do 1n oral galictose
test in douhtful cases and vou get bach + Cm per cent urinary evcretion
Would that sway vou i one dirccnion or another W hen did you have
2 galactose eest done on 2 patient of vours the last tne Dr Schuff>

Dr Scirr Not for a number of vears
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found th1t m patients with intrahepaue obstructne jaundice wich all
Iver function tests negitine the sodrum output 15 disturbed so that may
help sn some cases in differcncal dignosis The sodwm gutput in hepattis
1s rather low and 1t goes up once the bilirubm comes down

I would not have the pruent operated upon before erght wecks

Cruryiay Bochus You would wait eight w ceks?
Dr Martint Yes There s nothing to be lost unless he 15 nchmg

Dr Duccr Answening spectficallh Dr Bocl us's question and supposing
the history has been well tal en nd the routme tests have been mde n
ths c1se [ would perform a scrum sron and of course senal studies of
urobilinogen Urolnlinogen m the feces ts most helpful In a great myor
1ty of the cases of heparocanalicular 1aundice stmulaning obstruction there
15 alwavs some urabilino,en present i the feees On the contrars  there
1s none 1 the cascs of complete obstruction due ta carcinoma

At this staxe of the game of the serum iron 1s high and if we find some
urobthnogen i the feces 1 would wait but of the serum ron is low and
the urobihinogen 1s absen I would perform a surgicn! exploration

I don t mentton the enzvmes at the moment because i most cases by
the third week they are alrcady low or onlv very shghtly clevated even
if the case 1 one of hepatitis

We think that bropsy 1s contraindicated m a case of deep jaundice m
the third week Ve also think that steroid therapy for diagnostc pur
poses 15 contramndicated

Ciararas Bocats 1 am going to ash vou just one question because 1
going q

know of vour evperience with the serum bilirubm and the phosphatase

P P!

level Do you pay much atrention to that  Suppose for mstance this
p:

patient at the end of three weeks had a2 serum bilirubm level of 35 mg

per cent and the phosphatase was ¢+ ¥ ould that wfluence vou as com

pared with 2 serum bilirubin of 1f and a phosphatase of 35 Do you pav

ans ateentron 2t all to this di proporuenate increase i bihrubin and

phosphatase in clus differential dragnosis®

Dr Diccr YWe pav some attention to ar but it does not hold as welt
m chuldren as Dr Shay has shown

Dr Sousrr § am asucuang that all the tests are 1 agreement and are
favorng obstructne jaundice 1 am assuming that a carcful examunanion
of the abdomen has not revealed the presence of 2 dntended nontender
galibladder This sign pomted our by Coursorsier many sears ago ss
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and tal e the hustory agan [ would do this perhaps several umes and 1
would do a complete physical exumnation all over acan This simple
duenastic means has helped me on more than enc oceasion

Hiving done that several times and still beng in doubr T would wair
1f there was 1y thought that hepatocellular disease was hlely just as
Dr Sherlock has smd

Dr Watson I beliese ntroduced a very simple test vers roughly
qualtatne  for stool urobilinogen using Schlesingers reagent and
Thrlichs rearent Tn our hands at least this has helped the differennal
diaonnss 1 number of times

The simple matter of mesunn., unne urobilmogen has sometumes been
of help The finding of a lugh unne urobihnogen a dark cherry red
color after Fhlich s reagent 15 added 15 indicative of hepatus when ob
trachon s hogh grade

Dr Sporov  To get down to the real meat of your question which 15
this Do you do a hner biopsy first or do you explore first

One of the primary indicanons for Iner tiopsy 15 to differentiate meds
cal from surgscal jundice Tt has been my practice to do the Iiser hopsy
1 hesitate and am 1pprehensine but [ do them if ather contrandications
are not there namely blecdme T think others have done the sime thing

We have encountered bile pertonitis followmg liner biopsy 1 nen
jaundiced patients as well 25 m the jaundiced ones It 15 a calculated sl
and 1t 1 one that T personally would rather take thin to have the patient
undergo the morlndity of a surgical exploration

Unforunatels the biver biopsy 15 not the final answer In many of the
hepatitis cases the Iiser biopsy lnohs evacth hike extrahepatic obstructine
pundice bur there are patients who pre ent the chnical picrure that has
been dise wsed here — that of a complete biochemical pattern of obstruc
e juncice m w hich the histalogical findings are those that Dr Smerana
call the standird picrurc of viral hepantis It 55 1n these cases that one
uses the biopsy for diagnosis

If one inds on biopsy the seandard type of hepantis with a diffuse
mfiltrate throueh the Iver one cin noid surgical morbidiey and even
morrality

So Lthink T would have liver biopsy high on my Lt of the ather con
trundicztions for biopsy were not there Towever even then one mught
find the histolomic picture of obstructine jaundice and one would tum
the patient over to the surgeon for the final answer

Cinvmaiay Tockts 1 am sorm to hate to ash vou anather question
Wall vou give me the tming on this Al of these things hve been done
mncliding the hver bopsy It 15 now three weeks since the onset of th
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Dr Sirrroch More note must be nnde of the mode of onset If particu
11r attentton 15 pud to this point vou ¢an nearly ahw s mite a correct
diagnosis The intrahepatic obstructions whether they be due to drugs
or to virus hepatitis have a relatisely acute onset The patient feels 1l
15 jaundiced withm a matter of hours whereas m the extrahepanc group
the jaundice comes on gridualhy and the patient does not feel so it

The nevt pmnt 1s that cven without measunng fecal streoblmogen
if we qust tool the trouble to mspeet the stools every dav the answer
would often be forthcoming

However of at the end of three weehks there 1s still diagnostic doubt
1 think aspirinion Iner biopss o mdicated Most of the group that hue
the obstructive feteures with a virus hepanns bsis as Dr Galt showed
do have munmmal parenchymai changes i the Iner T rank virus hepatits
15 dragnosed quite easth

 would cerrunly wut of there 1s any doubr ar all The odds arc that
if you are i doubr the diatnosts 1 going to be hepatocellular jaundiee
An oxtrahepate iy obstruction 1s relstnely ean to dhagnose as
brought out by Dr Ducers side Nearhy all the cases an which he had
amy doubt were suffering from hepatneeliubar jaundice 3 doubt con
tnues [ would wat up o erght weel s before surgical incercentian The
dangers thie follow operating, on 2 heprutis patent are tao great (o tahe
the rsh [ huve records of at least faur patients wath hepatitis who have
died followmng explaratton

Cramaiay Bocaes Could vou tell us briefly when those four died m
relation to the omset of thar disene—if you remember?

Dr Sorrtocs Within a weel of the operation

Crarviay Bocwts Roughh how long were they sict W ere thev sic
for two or three or eight wechs?

Dr Striork Some aof them were operated on too soon at two weel's,
but some of the others went up to about s1x weels Lqual numbers ercher
W

Crursias Bockts Dr Davidson vou havent sad amthing for a tong
tme

Dr Duioron Thave vers liede lefe to say Ac the risl of being presump
tuous v ould say that the fust ching T would do s others have sud more
or less would be to go to the panents bedstde close the daor so as to
shut (ut nase aad everineous factors and stt and spend an hour perhips
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15 no reason to hurry I think we should always remember that One
should be sure however before the problem s settled that if necessary
the patient should be operated on to find out what he has

I beliese an exploratory laparotomy should be done when people have
something that looks hike a serous disease and when the surgeon doesnt
know what it 1s He should find out because I thint 1t 15 incumbent vpon
us surgeons to find out and if 1t 1s necessary to do surgery to do 1t

We also forget that someumes (and [ think this 15 verv perunent)
patients can no longer endure conttaued medical therapy Ve always for
get that aspect of 1t 1 remember a specific mstance of an indrvsdual who
had obstructive jaundice and who also had dubetes I saw hum after he
had been on the wards for 2 month He was making no progress but was
losing ground mstead and 1 said he should be explo ed

A month later I was ashed to see hum agan at 2 tumor chinic because
1t was suspected then that he had an obstruction to his bile outflow He
was out of management as far as his diabetes was concerned The intermst
said that unfortunately the man had gotten to a state where fie could not
stand surgery

They called vpon me and I smd Its unfortunate but I am afrud
this man w1l stand very hietle more medical therapy and I think we had
better operate on hum tomorrow  which we did and we found 2 pancre
atic cyst He s well and fine now

The pomt 15 that one fits the operation to the patient and does not
smply do a wid d expl and ev of the patient So
1 thunk one has to evaluate how the patient 15 domg If the patrent 15 losing
ground on medical therapy something clse had better be tried though
there 15 a strange notion that 1if a patient dies on the medical ward he 15
not quite as dead as 1f he had died on the surgical ward

Now 1 suspece that in patients who die a week or so postoperatively
from hepatitis —1f the stanstics were gone over 1t would probably be
found that more than 4 or 5 of them would have died without anv opera
tion and vet they wouldn t have excited any concern at all because thev

hadn t been operated on 1 think 1t 15 strange that we have this rather odd
concept

That brings me to another point T personally don t e needle biopsy
and the reason 1s that T don't feel I can control 1t as well

Dr Scurr Do vou think the mortality from an exploratory laparotomy
15 less than that of a needle biopsy?

Dr Jouvstov 1am sure T can control things better 1f 1 see the Iiver and
seed\\har 1t Jooks Iike It can be done under a local with a small ncision
and vou can take out a piece of Iiver and sew up the hver
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jaundice Are vou going to hue the operition now m four weeks six
weehs or eht weeks Do vou consder it dingerous to procrastimate
to0 Jonz i a patient with obstructiy ¢ jaundice® Do they occastonally get
cholingitis so that the nsh 15 actually increased after a certan peniod
of tune and 1f so what 15 that tme®

Dr Snortv 1 see no partculir danger 1n procrastiniting 1 weel or two
1f one 15 50 inchned but I'see no rerson to do so 1F the T er bropst shows
the preture that 1s consistent with obstructn e jiundice 1 see no reason to
wair Jonger and 1 would recommend surgery without further delay

Cirurniay Bockts Dr Johnston tour questton 1s gomg to be a hule
brt different T would the vou to comment on what vou have heard if
vou wish hut I would hle vou to tell us whether there are any special
wavs of preparing a patient of this & pe whom vou are esploning who
mght concenably have viral heptitis Do vou go through amy speenal
mneuters 1 1n tttempt to get the pactent m the best passible conditon?
Do vou use antbiotics 130 vou prepare them with steroids? Is there any
thing speaial that vou do on vour servece when vou are 1bout ro operate
on 2 patient who mught possibly have hepatocellular jaundice rather than
posthepatie obstructn e jrundice®

Dr Jomsstos In relation to the question which you 1shed Dr Boclws
I muzht s that the surgeon wants to get the prtient m 1s good 1 nutritne
state s possthle W ith obstructine jaundice that 1 not quire as dufficulr
as with a pauent who has been severeh harissed by viral hepantis over
2 long perod of time becmne strngels enough the usual picent with
obstructive pundice still has some bility to eat and enjoy fus food even
thou,h he has no bile i hus intestmal trace—and one can correct for
that of counse

Aside from that we prefer to get the panient in as good general shape
as posstble coriectm., thuns thet need correction such as anenma and
if there 15 no need for correcttng tnemta there s no need for a blood
transfusion or whataor

Quite obuiously we wne to be surce i 1 not gomg to bleed and 1lso
that hs vittmn Ko up Quende of that I see no greae need of fuss and
stew about prepration chie would not be done already on the medical
servtce before he come to us

There 15 one pomnt 1 would e to mtke here and that 15 that agan
ysually 1n the crse of obseructine jaun hice w hether st s from malnincy
or not tl ere 15 no great hurry o operate upon these patents So of there
15 samething someone neceds to do there 15 no big rush abour it Or f
¢here 35 any big concern about the patent s peneral well bung there stifl
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Dr Ducat Once would be enough

Cuarvas Bockts It ssnt enoush 151t of vou hive a patient who has
el hepitits Don t some of them go through a phase of complete ob
struction

De Ducer 1 suppose the pytient has been studied for the three weeks
that preceded the decon

Cuuraras Bochts You just presume that the whole thing was obstruc
tive m its concept®

Dr Ducar Yes— that the urobihnos en has been absent As a matter of
fact 1f we compre the results of tiopsy with the scrum iron test for dif
ferent) dingnosis ar this pont serum tron 15 much better There 15
nothing more difficult than to make a diagnosis between posthepatic
1aundice and hepatocanahicular jundice the one that does not hive any
cell danuge They are diagnosed by chenucal means  Lier and never
are very dangerous words in medicine

Sometimes we perform 2n operaton We hnen t in the last 200 cases
of hepautis because we do more tests 1\ e know more about the problem
and we rely more on the results we have

Cuamnias Bockus T guess whar vou are stving 1s that vou think now
the combination of the sron and the aldolase 15 going to make things
easier particularhy the 1ron®

Dr Ducct Yes

De Scurr T dont believe there 1s any test or combination of tests that
will tahe the place of a needle biopsy of the Iner to tell vou what 15
going on n the Iner

In the sccond place T thinl a pathologne who 15 expertenced n 1nter
preting lver biopsy matenal like Dr Gall whom we are fortunate to have
n Cineinnatt can i the majority of instances differentiate cholaneolitic
hepatis from extrahepanc obstructine jaundice There are some earmarks
which are infalhible For example if vou sce 2 tale lahe m a biopsy
specimen you I now there 1s extrahepatic jaundice

Tf1t snt 2 clear cur case 1 would not hestate to do a biopsy 1f no
contraindications existed In a very ugh percentage of cases we would
e the answer

Ciarratay Bochts Tam sorrs vou dont do the galactose test Docror
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Dr Scrirr Suppose v ou dd that to 1000 people what would v our mor
tahny be?

Dr Jousston Tdontknow what it would be T dont think the mortahey
would hie amvthing to do with the operition

Dr Scunr You might lose one or two of them?
Dr Jousston 1 thmh so

Ciiurneas Backus 1 suspect there s a defimte duference of opinton
about whether or not a needle bropsy ought to be done before evploranon
mn doubtful cases 1 dont know why we et go vyver the panel agan
from that particulir standpeint to scc what the final vote 1s Dr N\eefe
should a ncedie biopsy ever be done in this differential dragnoms i 3 our
opimon?

Dr Nrrre I think one of the reasons for differences of opinton here
has been that we heep chnming the case v hetle bt all che ume

Cramaias Bocaus It 1s 4 deeply jaundiced patient whose prothrombim
would permue of hver opst It s now three weeks and all the tests
lemve us in doubt Are vou going to be one of those to use the biapsy,
or are you going to explore

Dr \1rFr Agan m this seny decph jaundiced panent wath complete
obstruction f 1t were obstructne jrundice I would frvor looking mside

Dr \artrst I would do 1 perironeoscopy with 1 needle bropsy nsted
of an exploracors operaton

Dr Duear Before considering an operation there are some other tests
to be done

Criamvias Baenes T ehnught the question was that we had donc all the
tests 1nd we couldnt mal ¢ up our nunds

Dr Ducct I spole about serum iron and urobibnogen i the feces 1
dont think the color of the feces cm gne vou v evtet mformtion
The difference between ¢ me O 1o my, Or 0 Mg s MOSt IMportant m
the differenuial diagnosis and cannot be judged by lookmg at the feces

Ciagaiss Bockts On that pomt Dr Ducer how mans tmes re 10u
gomg to do thar®
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Dr Surrrock Y hocver heard of a surgeon domg 1000 operations and
domng only 2 hetle biopsy when he was inside the abdomen

QOne other point In the preoperative management of these cases if
there 15 amy possitnirty that vou might be operating on someone with
hepatocellular jaundice protein ought to be withdrawn from the diet on
the dav before the operation and two davs postoperattvely 1 would cer
winh do a biopsy before surgery of there were any dugnosuc doubt
about the type of jaundice

Criamrviay Bockes Dr Davidson and Dr Sboros you have not changed
vour munds  Qur ume 1s almost up T dont know whether Dr Johnston
oughr o be allowed to rebur once more or not bur 1 am afrard not

Dr Jounston You hie tahen the vote and T am sult ahead

Cuaryias Bockes In summanzing chis particular question —and that 1
abour al} we are gomg to be able to do—1 think 3 ou hne sensed that
the difference of opmon realls 1sn t as great as 1t sounds I think we all
sull recogmize that wieh the tests as they now ewst there will sull be an
oceastonal patient in whom chis differential diagnosis 1s not being made

There will be an odd patient m which all of these tests will of necessiey
nat gue us the wswer [ thiak I agree with Dr Duccr that 1f one of
these jaundiced pauenes had had a transammase determination when the
jaundece first appeared and he had had the advantage of the serum rron test
and the aldolase test and if a galactose test had also been employed (prior
to the begmnmg of the fourth week) a decision for or agamnst operation
would mast hhelv be correct 1 would hke to suggest that the panelists
revert to the use of the galactose test and add 1t to the group of tests under
discussion It has great value  thus differental diagnoses if 1t 15 performed
during the first three wceks of jaundice I think all of us might occasionally
do 2 Iner bropsy 1t 5s only a matter of how frequenthy we will do 1t In
the patient who 1s very deephy raundiced we are going to be a little cau
nous about doing 1t At the end of three or four weeks most of us are
gomg to think seroush about doing an evploration if the findmngs are
commensurate with evtrthepatic obstructive jaundice

{ agrec with Dr Johnston that we are not at this ume at least 1n the
rests we have been using so far quite astute enough to be always nght
Occastonalls 1 send a patient to che surgeon at the end of the third or
fourth w ceh of apparent obstructiv ¢ jaundice to make the diagnosis for me
pecause | am afrud not to operate 1 dont think that 1s gomg to happen
neatls as often in the future
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RODERICK MURRAY MD
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Since the use of sterords and the management of coma are beme dis
cussed elsew here on this program this report will be confined largely to
some points of management winch were followed n the treatment of
bout 130 cases of hepantiy of vanving degrecs of sevents which de
veloped duning, the course of studies directed towards the deselopment of
methods of sterhzing blood and Blood demvanves with respecr to the
agent of serum hepattis These studics were termimated approximatebs
tho vears ago and since most of the basic results have already been re
ported elsewhere ! detuls of the indinidual studies may be omtted here
except for mentiomng that the subjects were all male solunteers over the
age of 21 with the majonts bemg below 30 Some ndividuals over 30
were mnnlly accepted as volunteers but for the greater part of these
studhes the average range was berween 1 and 30

These cases resulted from the adnunsseration of the following imfectng
matertals which were being studied for the presence of the agent(s) of
Fepatits

(1) Infected pool plasma

{2) Infected pool plism treated This represents materals which re

mamned fectin e after various attempts at mactivation of the viru

(3) Carrter material

(3} Thrombun

‘These matenals have been described i1n greater detail elsew here

One of the most striking features about hepatitis as it oceurred m thy
5T0Up was the great vanatnhty in severity ranoung all the way from 1n
apparent nfections which were wdentified only because of the cloe
serutny and the perlodic rounine performance of liver function tests to
cases of coma with a fardl outcome 1 three wstances Lt s extremely dif
ficult to evaluate the effect of any form of treatment on the course of such

a varible tlness unless the results are pronounced or the study ha been

set up m such a way as to demonstrate the statustical vahdity of any dif

terence neted between companble test and control groups Carefully con

trolled studies arc essentl of worthw hule deductions are to be made Fuven

so there are other differences which have to bie contended with 1n evalu
525
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atmg the effeet of therapy on the course of hepatitis For instance 1t 15
frequenthy stated that with infectious hepatis the course of sliness 1
generally shorter and mulder than 15 the case with serum hepatitis The
factor of age of course may be important here because infectious hepa
niers 15 usurlly associated with lower age groups whereas homologous
serumt hepatitis tends to appear more frequentdy i ofder sndnsdual The
distinction does not stop here however as Figure 1 Figure  and Figure 3
Mustrate

‘There are differences mn the character of iMness caused by different m
fecting materiabs Ie s teue that incubation pertods mav not be a significant
charactetstte here bue duration of riiness and the degree of scterus as
measured by the total scrum bilirubin level do appear to be myohed

The essential features generally followed tn the treacment of hepatins
are bed rest dier and the avordance of addimonal trauma to the hver
parncularhy by avoiding the we of hepatotovic substances or drugs which
might have an adverse cffect on the hver In this respect of course drugs
which are vormith detoutied by the hier and which if not detovified
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Lept at bed rest with actvaty lumited to visits to the bathroom unul re
covery was definitely under way at which time ad Lib et ity around the
ward was permitted Any other course would have been srhsome and dif
ficult to adnumister

Dret The effect of diet on the cousse of hepatitis has recently recened a
considerable amount of attention 3 Chalmers et al'S have shown that
mfectious hepantis at least a hugh protemn diet resulted 1n a shght but
significant reduction 1 the average duration of the illness There was no
evidence from their studies that dietary supplements such as choline and
vitamins contributed in this regard

The nature of the project upon which our group was engaged made 1t
possible to design an additional controlled trial of the effect of the diet on
the course of hepatitis  Here a low fat high protein diet { 00 Gm) was
compared with 2 low far low protew (103 Gm ) diet i the treatment of
67 tases of homologous serum jaundice The numbers were small and the
analysis was carrsed out with respect to both diet and the tvpe of maternal
which had caused the hepatitis w these cases Thus latter analysis was 1m
portant and would not be possible normallv cxcept under exceptional
arcumstances when a single source infection was known \lost of the
compansons concerning the effect of diet did not reach the level of sta
ustical sigmificance However one group of subjects gave evidence that
at least the use of a high protein diet was assocrated with a prolongation of
illness  This compnsed the largest number of cases deyelopmg illncsses
after mnoculation of the same matetsal and 1t also represented the group
with the largest number of severely 11l indniduals (See Infected Pool
Plasma in Figure  and Figure 3)

Thus resule which appears at first examination m conflict with that ob
tamed by Chalmers and his co workers with infectious hepatitis mav be
explainable by the screney of the illness in ¢his particular group of patients
and perhaps also by the high level of protein administered (z00 Gm ) or
by the diffierent characterntics of the illness This effect may not be un
related to the 1y pe of expenence reported by Davidson 1n the feeding of
Pproten to patients with crrhosis 4

An nteresting sidelight of this studs was the analy sis of the effect of the
mfecting maternals which 15 illustrated 1n Table 1 and summanzed from
the above mentioned paper by Leone et al 2 The study indicates that the
most 1mp feature op Was a diffe 1n the inocula recened
by the subjects a circumstance which points up what was mentioned
carbier namely the variabilicy of the sllness both as to source and s to
manifestations which males 1t difficult to evaluate the role of any par
ticular regime I view of the above findings 1t 1s recommended that the
diet include about 3000 calories with approvimately 150 Gm of proten
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would accumulate on normal dosage schedules should be asoided or ad
muustered with extreme caunion Treatment should Le instituted as early
as posstble Since cach case presents special problems no over all regime
will be found fully satisfactory for all cases or for all stages of the stiness
Boef menton must be made of some of the therapeunic measures which
have been used and examined in the treatment of hepauus

Autibrotics These have not been demonstrated to hmve any sigmficant
value 1n the treatment of the average casc although there seems to be some
mdication for ustmg antibuottes such as aureonncn  terramyem or
neomycm in cases of coms or nciprent coma In this series of cases
aurcomt cin was used intravenously and where posstble by mouth under
sucl condittons but there 1s hitle evidence in examining these results ot
the results published in the literature that the use of antibroties has any
signuficant effect other than that of combaang wfecton due to bacterta

Gamna globulm Tlus appears to be without value m the treatment of
hepatitss although itis very valuable in the prophy laxis of mfectious hepa
e

Vitannn R This s frequently mentioned w hen the treatment of hepatitis
1s discussed It should be used 1 cases with any bleeding tendency as
socited with an elevated prothrombin tume The nature of the iliness
suggests that this complication 1s to be expected 1 some cases at Jeast In
this senies such a tendency was noted 1 only two cases

4etraty Corplete bed rest has long been an important feature 1 the
management ot hepatits Patients who are sertously 11} prefer to stay 1n
bed and perhaps this 1 an mstance of nature knows best  Rigid bed
rest has been prescribed m the past presumably on the basis that »f a hit'e
of something 15 good mare 15 better However the present treatment is to
be more hiberal as to the interpretation of bed rest and the rather decatled
and well controlled studies made by Chalmers and his co workers? mn
dicate that 1n the case of infectious hepatiis ad hb activiey 15 to be pre
ferred aver nigadhy enforced bed rest Larly hospitalization 1s desirable and
bed rest should be urged as long as acute svmptonss persist Ad Iib ac
tiiey should be permutted once the svmproms hate abated but panients
should be restricted to the ward 1n order to avasd the possibality of undue
evertion betore they are ready for hesvy exercise Patients may be dis
charged when the bihirubin has been below 15 and the bromsulphalen
test at 4§ mmnutes shows a retentton of less than 5 per cent for a weel or
of the latter has become stabiltzed below 10 per cent

Tn this sextes of cases the effect of acnivirs was not studied Patients were
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ease In later cases 1f the subject had not become visibly jaundiced by the
ume the results of these tests were avatlable a bromsulphalem test was
performed and this gave excellent confirmation Zinc turbidiy and
thy mol turbadies tests provided hietle uscful information of value in esther
diagnosis or management Thirty per cent of this sertes of patients had
consstently normal thymol turtndity level duning the entire course of
therr iliness The majonits of the remainder showed only shght transitory
elevations This mav be a pornt worth considermg mn differentiating seram
hepatius from infecnious hepantis Qur expenence with the latteris Limuted
but there has imvarubly been a brisk fie 1n those cases followed
Another factor 1n the course of a patient sallness which 1s awaited wath
some anuets by the physician 1s the pomnt at which improvement begins
While the general well bemng of the patient aften expressed by an 1m
provement 1 appetice 15 helpful here n our evperience the phenol
turbidity test was most saluable n indicating improvement This was par
ticulatls 5010 severely 1l ndividuals and a rise m ths index preceded the
fall 1n biirubin by an average of some 3 davs or more The chohnesterase
test, which gave similar information was of nterest to us parucularly be
cause of the stabilies of this enzyme W e were able to retest serums which
had been Nepr frozen for a vear or more and obtam satisfactory results
We have had no experience with the more recently reported enzy me tests
of biver function but suspect that these will abo have a similar usefulness
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Tasur 1
LFITCT OF INFECTING MATIRIAL
Avera.ce
fc
Measure of I flect Dier '"}’;ml“] I“pc:;fd Car Remarks
00!
Plagma | Thosma | mer
Days*
Duration of sllacss Higch Protem | 90 42 60 formificant cffect
(TSB* 10ra10) Ad hb 67 56 19 [Sigiheant effect
Duration of iliness Hich Proten | 72 4 45 (Srantficant effect
(TSB 10wl §) Ad Lib <2 36 23 [Sigmficant effect
Duranon from TSB
10 to mavumum Both 24 15 17 [No srzmificant effect
Duranenfrom  maw
mum TSB to 10 Both 53 34 31 [Sienficant effect
Incubavon peniod Both 81 103 61 [Si,mficant effect
mg 100 m]
Maximum TSB Roth 154 | 80 | 101 [gmificant effect

To nearest whole da;
Total serum bilrubin

and any amount of protein above this should be on an ad b basis Tatra
venous glucose feedings are indicated duning the period of anorevia 1n
order to maintain the calonic intake and prevent dehydranon Fat sn an
amount of approximately 150 Gm of egg meat or dairy product ongm
should also be grien

The salue of Iner function tests in detecting cases earls m the couarse
of liness was a matter of concern and every artempt was made to hos
prealize subjects as soon as a diagnosis of hepatitis could be made Smce
these mdrviduals had been inoculated with matertal which was infectious
or potentally mfectuons there was very lietle question about the actual
diagnosts 1eself The mun problem was to make thus as earh as possible
These patients were Lept under clo e vigilance and had almost rmmediate
access to 2 physician when sy mptroms occurred Regular periodic blood
and urtne examinations for evidence of Iner dvsfunction we e carried out
and even asymptomatic cases were recognized carly The group of tests
used mcluded @ mmute bilrubmn  total serum bihrubin zine turbidin
phenol turbrdity  thymol turbadies  thy mol flocculation cephalin floccult
non urne biltrubia and urmne urobihinogen Ve came to find the results
of the + minute bilirubin test coupled wich a posttrve cephalin flocculation
test winch m a large percentace of cases became posirnve at abour the
same me as the earhiest relrable objectne mdication of the onset of dis
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As one might expect the pathog climeal p
and presumable treatment differ considerabls between the vanous dis
eases affecting the Iner Thus the treatment of hepatitss of viral ongin
must differ considerably from the trestment of hepatic diease m alco
holies It 15 the larter 1f anything that we are quahfied to discuss so that
the matenal to follow s concerned chiefly With the cirthoss of aleohohes
and 1nsofar as this 1s translatable to the hepance coma seen m viral hepa
tms and other Iiver condions will depend wpon elucidations of the
mechimsm of coma Protem withdrawal the treatment for hepatic coma
emphasized m this paper 15 m our hands?® as effective m cirhosis of
alcahohics as reporred by Sherlock, Summershill and Dawson ? for that of
non alcoholics

Tt seems necessary to digress here to discuss brefly the climeal and
pathological findings m cirrhosis of the alcoholic Two distnct chmeal
syndromes may be described although many patsents fall somew here be
tween The most common of these 1s the clasacal patiene with cirrhosis
demonstrating severe undernutriion ascites abdominal collateral circu
fation and esophageal varices but who usually shows httle jaundice and
1f there 15 any change 1 the leukocste count levhopenia predominates
These patients uswally show massive hepatic fibrosss with nests of remam
ing or regenerating Liver cells between which mav appear quite healthy
in contrast to this 15 the acute hepatic wsufficiency of the 1lcoholie® * 3
Clinically these patients are usually jaundiced frequentls have a poly
motphonuclear Jenkocy tosts and although portal hy pertension with aser
tes and collateral airculation 15 commonly present it is not uswally a pre

This work + as supported i part by the Office of the Surgeon Genersl Depart
went of the Army nd 1n part by a grant from th \utpiuon Foundaton Inc New
York New Yok and in part by 3 grane from M rck and € Inc Rah ay New
Jersey and mn part by a grant from {ederle Laboratores Dvi on of Amencan
Cy na 1 Conpany Pearl R ver New Yorh to Harvard Universiy
Rockefelier Uravelng Tello of | Vled cal Re earch Counc 1 of Great Brrain.
YPulle He lth Seryice Re carch Fellow of the Nauonal Heart Insticute
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diet espectalls since the classic worh of Patek and his colleagues ® As well
as vitamins emphasis 1 the diet has been placed upon the provsion of
ample bigh quality protein Although an adequate diet consumed by the
patient 15 the best treatment of hepatic discase of the alcohohe paradoxs
cally trearment of hepatic coma at present 1s complete protemn withdrawal
This cannot be considered optimum treatment of the basic hver disea e
but 15 only a temporary measure for the cerebral mamifestanons

The charactensuc syndrome of ympending hepatic coma mental con
fuston the flapping tremor and certain electroencephalographic chinges
can be induced 1n sensitne patients with liner disease by dietary protein
1nd some other mitrogenous substances? Most evidence at present v ould
mermmate ammoma as the most hkely substance to anse from these
fccogenous materials either 1n the gastrointestinal tract or m some Cir
cumstances from the lner Lidneys or other parts ot the body and to be
the tovic agent acting on the brain causing coma Treatment 1s thus de
ved ta reduce the formation of ammona and perhaps other toxic ma
teruals in the intesunes and to allow or promote remor al of ammonium 1
the bodv In addinon to complete withdrawal of proten from the
gastromntestinal tract broad spectrum antibiotics are admunistered oralhy
and lasatives and enemas are used to empes the gastromtestinal trace This
treatment has shown by far the best results m our expenence Of 34
Pauents recently treated by this regumen 21 patients improved and 13 re
covered sufficiently to be dncharged from the ho pital The best results
were 1n the nonjaundiced chronic patients and the poorest when jaundice
was deep Expenence with glutane aed cortsone and hydrocornsone
admmmstration to these patients — the former to combine wich ammonium
and the latter extubited because of a reported excellent effect in some
patents with viral hepatiuis 10 coma — has given us httle encourarement
for their wse alone or as an adyunct to protemn withdrawal Furthermore
liposc acid which has been reported to reduce the blood pvrusate con
centration so often elevated in hepatic coma has not given clear cut
therapeutic benefit As mtmated above the patents i whom gastro
wtestinal hemortrhage and other precipitaung factors could be conrrolled
and the pauents with chromc cirrhosis have the best prognosts whereas
the outcome 1s extremely doubtful for those alcoholics with acute hepatic
wsufficieney who have developed siens of early or deep hepatic coma

This regimen including the use of not only protem withdrawal but antt
biotics and gastrosntestinal tract empts ing must be considered ta somic ex
tent empirical At present 1t 1s impossble to deaide the relatine effectne
ness of each of these aspects of the treatment although they are aimed at
the same cause preventine absorption of touic nitrogenous merals in
«uding ammonmma from the gastromtestinal tract  Proten withdrawal
would seem to be the essenunl element of this treatment although to what
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dominant finding In this swuation although fibrous tssue may be and
usually 15 present two other lesions of hepatic parenchs ma are present
svarvmg degrees The first of these 1s fatty change of the lner cells and the
second parenchymat dsorgamzanon focal necrosis poly morphenuclear
mfileration and the intracellular hialm as desenbed by Mallory ¢

As to treatment the chrome form responds slowly to the alcohol with
drawaland an adequate diet presumabls by regeneration of huer cells The
acute form may go on to a rapid msprosement or a faral termunavon Iike
wise usually rapid The fates infileration presumably responds to choline
methiomine and other hipotropic  agents consemed 1n an adequate diet
whereas the ctiology and treatment of the usualls more severe cellular
lesion are a present unknown

Hepauc coma may occur in any of these situations 1 hen 1t occurs 1n
the chronic patients 1t usually arises from some circumstance such as
high protew dier sedison gastromtestmal bleeding and the hike which
frequently ¢an be controlled In this sttuation the coma may be resersed
farrly casily and recovery can ofren be expected \When a panent wich
acute hepitsc msufficieney  be 1t fat or other cellular change shows eyt
dence of early hepatic coma the prognosts is grave and although tem
porary recavery to a normal state of consciousness may occur permt
nent rmproy ement in s situation once coma has set i 1s uncommen

Itis now generally beheved that hepatic coma has something to do with
deranged ammomam metabohsm  That this 1s frequenth if not alwavs
truc seems likels but the treatment of thes condition 15 extremel com
plicated owmg to the preciprtating factors and a complex (or poorh
understood) pathogencss Hence treatment cannot be routne ¥ Among
the precipitating factors one must recognize the sensitinity of patients
with hiver disease to hypriotics amalzestes sedatnnes and anesthetics to
acute mfecrton to gastromtestinal bleeding to operatve procedures —
even such mmor ones 1s parwcentess — and to fluid and electrolyte dis
orders Treatment must begin with prevention | ecping these and perhaps
other preapitating factors in muind for patients with hepatie coma hase
extremely fabile homceostattc mechanisms In addition to presention and
to evacting pursing care carcful mesurements must be tahen of pulse
bload pressure flud intal € and outpur 1s well as serum concentrations ot
nonproten  mitrogen and electrolvtes  Assuming that gastromtestinal
bleeding and other precipitating, factots are under control that fld and
electroly te balince 1 corrected that the viril signs are not far out of hne
and that measculous general care 1 being ¢al en of the pavient the problem
cluefly revolves around reducin,, the formation of ammomia and perhaps
other toie nitrogenous substances from the intestines

Treatment of Iner disease especrally that of the alcoholc for some

years has been based on the consumption by the pauient of a2 nutrittous
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extent the exhibinion of antibtotres mayv be expected to present formation
and absorption of ammonts and other nuerogenous materrals 15 not known
Faloon tnd his colleagues *® in some careful studtes have been able to feed
atherwne tove protem by the addion of oral ncomy et m relatiels
large quantmes The opumum annbiotic or course of antibrotic therapy
has certainly not been deasded and requires further tm esugation

A few more words might be smd about ntermediary metabolsm in
hepatic coma Bessman and bradley ¥ have pointed out the value of
measuring arteral ammonium rather than peripheral venous 1 that much
of the ammonia presented to the tssues 1s removed Nevertheless alchough
arteral coneentranons are more frequenth elevated than those an the
pertpheral vem in hepatic coma the correlition 1s by no means as good &
one would expect if this were the sole rovic agent Reduction m artersal
values has ususllv occurred followans, protein withdrawal antibiotics and
gastromtestmal tract emptyung Howcver in patents who went on to a
fatal termunation a subsequent and late elesation often occurred fre
quenthv associated with a negitne arternl venous difference that is am
monwum prodaction from the body tissues * Voreover the uptike of am
monta by the peripheral tissues m ptients wich hner disesse wath and
withour hepatic coma was not gs grear as that in normat mdividoals and
scemed most mpared durng comr This suggeas a defeet m ammoma
remoyal by the nissues Such a defect in intermediary metabohsm s further
supported by the obsersed rise in blood py rovate and 2 hetoghatarate con
centrations following rthe 2dmmnistration of ammomum chlonde to pa
tients with Buer divease but not i 1ty absence Several observers? 12 M
have found these heto acds to be elervated m hepatic coma and 1t may be
speculated trom these data thar such cevation may represent a defect m
intermediary metabolism due to impaired removal of ammoma from the
blood by 2 discased bier and abnormal body tissues

Finalls st should be emphasized that the regimen imohing complete
protein sithdraval and antibiories 15 m our hands the mest sausfactory
trearment of hepatic coma It cannot be considered optimum  as the best
evidence ts that 1n 1ddimon to alcohol withdrawal a nutrittous dier 3n
cluding protein 1s the best trearment for hyer disease of the alcohohc

RETERENCES
¢ Summershill W H J Wolte S J and Datrdson C S Management of
hepatic coma 1 relation to prozemn withdrawal and cerram specific meas
ures Am | Med In Press
Sherloch § Sammershill W H J and Dawson A A Treatment and
prognous of hepanc coma Lancer 650 1956
Philips, G B, and Davidscn € S Acute hepanc msufficiency of the
; chrome alcohalic chmtcal and pathologrcal study o M A Arel fut

Med 94585 1994



41
Treatment of Acute Hepatitis
with Cortisone

HECTOR DUCCI MID RICARDO KATZ MD and HERNAN
ALESSANDRI MD

(Santtago  Chile)

We have previously reported the complete recotery of several cases of
tulminant hepatitis 1n coma follow ing the use of high doses of cortisone *
The following 15 an evample of a recovered case of fulmmant hepatitis

MG #51/12083 This 16 vear old male expertenced his firse symp
foms consisting of nausea and malasse on September 15 1951 On Septem
ber st raptdly mcreasing jaundice was noted and somnolence appeared
On admission  October 6th he was stuporous and deeply jaundiced
hepatic duliness was very much reduced (3 cm i the mdaullary line)
With the diagnoss of fulrmnant hepauts trestment with cortisone was
started On the followng dav the patient appeared 1n decp coma and the
dos ge of cortisone was increased On October oth he regained con
sciousness and rapid mprosement ensued

A summary of mental condition treatment grven aad aboratory results
1s shown 1 Figure 1

On October 16th 1o davs afrer faling mnto coma and 7 days after re
covenng fromic a liver biopsy was performed which showed preserved
Tobular architecrure shight fatty infiltration and mflammatory reaction in
the portal spaces (Figure 2) A second biopsy on February 7 1952
showed normal brer hustology (Figure 3)

This pavent 1» sull under control showng normal clinical and labora
tory findings

The resuls we obramed with the treatment of acute bemgn hepatitis
Wwith corusone used for a short period of only g davs have also been puby
Ushed® and we have ako brefiv resiewed the Lterature on the subject
Since then some other papers on the treatment of benign hepatitis with
sterords have appeared

Halmever and assoenates also using a short period although longer
than ours observed beneficial results Huber and Waley © i their Pa
vents With acute hepatitis treated with cortisone observed a more rapid
drop of ulirubserma a definme mprovement of appeute and a shorter
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reenth day  this eannot be attnbuted to water retention as the weight 15
mantained on the twenty first div On the contrary the control group
shous an average weight loss of 2 hg This difference 15 possibly due
atleast 1 part to the improyement of appetite m the treated cases

(2) The rapid and abrupt drop of hrubinerma in the treated group
as compared with the control one 15 shown in Figure 4 The basal anth
metic means are respectnely 13§ and 117 mg per 100 ml of serum
On the fourth dav the means are 6oz for the treated and 9o8 for the
controls and on the eighth day 359 and 563 respectinely  These dif

ferences are hughly sigmficant statistically ; =267 (p=o07s) for the

fourth day and % = R6 (p=o4s) for the eighth day This sigmfi

cance 15 also shown by the thymol test 656 (p = < o or) for the fourth
dav and 79 (p = < oo1) for the eighth day

On the twelfth day the difference berween the means 15 smaller (3 54
and 3 go for the treated and control groups respectively) 1f two of the
treated cases who expenenced marked recrudescences of jaundice at the
end of the cortisone treatment are excluded the mean bilirubm value of
the treated group 15 2 7 on the tnelfth day (dotred line in Figure 4)

“The reduction of the mean total bilirubin percentage for each group
15 ghen in Table 1

The mfluence of corusone on bilirubinenua 1s more apparent when the

o Pab enis treated with Corf sone.
== Non treated pohients

Tofol ot rubi
mg.x 100 mi of serum

O-musma~ve o3RI

L

° 4 [] [
Days

Fioure 4 Course of ser nb!rubm n tr at d and contr | groups
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Treated and cantrol patieats were kept tn hed and recened a diet Jow
i fat (30 Gm) with no Jess than 1 Gm of protem per hilogram of body
weight and carbohy drates to complete a normal calonic mtahe No sale
restriction or vitamun supplements were used Those patrents with an odd
admisston number were treated with cortisone and those with an even
one served as controls (these did not recene placebo)

Cortisone was gien to the treated group by the oral route with the
same scheme and the daly dose was adminsstered m two halves every
12 hours first dav qoomg sccond and third davs 0o mg fourth fifth
sixth and seventh davs roo mg  and eighth and minth davs 50 mg

Treated and control groups consisted of 41 patients each In the former
the age varred between 17 and 49 venrs (mean 268), 3 were men and
18 women In the latrer the age vard becween o and 4o years (mean

81)  were menand 19 women In 10 of the rreated pauents 1 Gmr of
chlortetracy cline dails 1 four doses was added durng the cortisone
administration later this association was discontinued as 1t proved to be
of no value

In the total group of ¢ patients the follow ing laboratery exarmnations
were performed evers fourth dayv  prompt direct® and total *® serum
biirubin cephaln chol ol fl 1 1 collordal red test * thymol
turbidiy and focculation ' ¥ zme rurbidiey ' phenol turbidmy ¢
Takata Ara reactton 7 total cholesterol 38 and alhaline phosphatase ¥
In the great majonity of patients a study of the factors of the prothrombin
complex feces and urme uroblnogen and serum electrophoresis were
also carried out In 1 cases hepatic biopsy was done on admission but
only in 8 (5 from the treated and 3 from the control groups) could a
second one be performed from 8 to zz davs later Whenever possible
patients were hept under observatton untl the roral serum balirubin was
below 2 mg per 100 ml

Resurts

The comparison of control and treated groups shows the followng
features i the latter (1) rapid and definire improyement of subjectne
abnormalities and of the general conditton (2) rapid and abrupt drop of
bilisubinemta (3) cercain number of recrud, afrer d
of cortisone and (4) Jack of vnroward effects of the harmone

(1) The rapd and definste smprovement of subjectiie abnormalities
and of the general condrtion has been a constant hAnding in the treated
cases They rapidly regmn appeate and are reheved of digestise com
plaars asthena and maluse also of present somuting and prurntus dis
appear The Iner size dimtnishes and hepatic tenderness 1s soon no longer

resent
The treated cases regamn their normal body weight around the four
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PIMCINTAGE OF REDUCTION ON FVIRY FOURTH
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tndnrdual values for 20 treated pinents are compared with those for o
controb (Fi_ure 5 and Digure 6) The irreguliniey of the control curves
tascending 6 horizontal 9 and descending $) contrasts vorth the unt
fornuey of the treated curves (19 of the sume tspe)

Tn onlv 6 treated and control cases could the bihrobmemn be
controlled until 1c fell below 2 me per 100 ml - as most of our patients
ash for therr discharge before thetr conmplete recovers In the trented
cases ilirubmenirt reached 1 level below  mg 1n an average of 188
davs and m the controls of 158 dinvs The 4 cases of recrudescence m
the treated group are nevertheless ncluded in the 26 here considered

(3) We conuder as recrudescences those mstances in whech hyper
bilirubmenna increases before 1t disappears In the control group only
1 ewe of shaht recrudescence was observed

On the contrary m the treated group 4 pwents show ed recrudescences

st before discontmuatton of cortsone (eiwhth and nnth davs)
and the other  soon after it was discontinued (tenth and elesen h diys)
In 1 of these panents the recrudescence mnefested tself only by a shght
merewe m bilerabwenia nat accompanted by other sy mptoms and smmhir
to that abserved m the control group In another the nse m serum il
rubn Was conconutant to the reappearance of some svmptoms and an
merease 1 hiver size this panent spentaneoush recovered m 1 dnvs

The other two recrudescences n the treated group were more seyvere
In one marked digestne symptoms alo reapprared wiuch forced us to
readmimnnter cortwone  they  raprdh subsded and bihirubm dropped
althou, h fess rapidhy than the ficst time At the end of the vecund cortr one
course (ninth dav) and when the dnly dose was so mg bilirubin sos
without Teappearince of ather swmprons Therapy was stopped and the
patient gradualls tmproved unttl 2 serum biirubin of mg was terched
an the forsy fourth day after wonsion

The fouech case of rocurrence in the erered group corresponds to an
nstance of hepantes sith narked hepatomegaly and negamve floccutation
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reactions The patient showed a recrudescence 3 davs after termination
of the cortsone treatment The hormone was agan gnen for a total
penod of 65 days i a dathy dose of 100 mg and when 1t was reduced
to so mg bilirubin agam rose After bemng in good conditton for 36 dnys
the patient suffered a relapse which was treated with a prolonged course
of ACTH (5 davs) The patient 1s now m good condition

(4) In none of the 39 patients treated with cortisone according to the
scheme outlined above were any untoward effects observed The 2 cases
who showed recrudescences and who recerved second courses of the
hormone developed moonface  but did not show edema ascites or
other umportant complications

Among other observations worthy of mention 1s that the flocculstion
reactions follow ed a stmilar course during the hosprtal stay in treated and
control patients In Figure 7 the thymol turbrdies values are shown The
course of the phosphatase values did not show significant dufferences be
tween both groups

In 4 treated patients hepatic biopsies were performed before corusone
and from g to 11 days later 1n 2 marked 1mpros ement was obsersed This
finding was seen also n 1 of 3 control patients m whom the bropsy was
repeated 8 day s after admussion Comparnson 1s difficult due to the small
number of cases with repeated bropaes Nevertheless none of the Iner
biopstes performed 1n the treated cases at the end of the cortisone ad
mumstration showed fatty mfiltration In Figure 8 and Figure g the hsto-

ams Cortsonele fedpotets
oen € lolpat

Thymol turbidily Cunits)
3

Doys

Fiouns 7 Course of thymol tusbidity 11 treared and control grovps
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the hepatic cells Nevertheless our findines * in posthepance jaundice with
complete bihary obstruction seem to mdicate that the steroids af o have a
direct effect on biligenesis which could account 3 least i part, tor the
drop of biirubinerua 1n cases of hepauts

Suirarary

A therapeutic tnal of cornsone has been carned out n a group of cases
of acute bemgn hepinty selected according to certan charactert fics
Treament was given to 41 patients and 41 alternate ones seri ed as controls

e short treatment scheme used has not produced any untoward

effects

The fundamental changes mduced by cortssone were rapid and definite
mmprovement of subjectve abnormalies and of the general condwon
r2pid and abrupr drop of bilirubmenma and some recrudescences and
relapses

The routie steroid treatment of acute benign hepatiis does not seem
adssable On the contrary corusone appears mdicated m severe and pro
longed cases

The mecharusm of the serum bilirubm drop following the use of
coruisone 15 discussed
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logtc appearances of the Iner are shown at the beginnig, and at the end
of the hormone treatment 1 ene of these patients

Discussion
Trom the data grien above 1t appears that the usc of corusone for a
short pented 1n the treatment of acute bensgn hepatitss mduces the same
tundamental changes as longer therpeutic schemes 1t has the advantage
of being free of undestrable collateral etfects
Our expenience sumilar to that of others shows as positise findings the
beneficral effect upon the ssmproms and the rapid cleaning of jaundice
on the negarne side a small percentage of recrudescences and relapses
Iris very difficule ro deternune if cortisone really shortens the duration
of the disease Some mvestirators among them Hettmes er and assocrates *
Lrans and collisborators ® and Huber and Wiler  chink that this s the
case and the first 2 groups found statmtical sicmficance to their figures
Nevertheless the obsersed differences are roo small and the difficultics 1n
assessing the real duration of acute hepatitis too great
Ve were unable to comptre the actusl duration of the dnease m our
groups The data regarding the begmmag of hepatms were very vn
certain and 1o onhy 26 treated cases and  controls could we make scrial
observartons untl the toral serum bilirubin fell below  mg per 100 ml
QOur percentage of recrudescences (10 per cent) of which only half were
mmportant lies between the figures observed m other sertes (Hettmeser
and assocuates * 4 per cent Nyvans and collaborators 2 o per cent Siegen
thaler and Suter ® s per cent) Huberand W dley 5 srate chat thes wereable
to elminare recurrences by the gradual suppression of the hormone never
theless we followed the same procedure and hive observed recurrences
before stopping the treatment or reducing the dosage
YV e are now trvong 2 shzhth different scheme which uses smaller mrial
doses lasts a few more dnvs and mcludes the use of ACTH at the end of
the treatment
We do not thnk that the routine treatment of acute bemgn hepatis
with cortsone 1s to be recommended The uncertainny regarding the effect
of the harmone on the duration of the disease the recurrences and relapses
abserved and the dinger of the indiscrimunate use of a drug with poten
121 haemful effects hle cortisone are agunst i On the contrars we are
convinced that cortisone af used earh and meensnely s extremely valy
able i the treatment of severe and especialls fulminant forms of hepatns
It desenies also to be tried in the cases with a prolonged course
The rapid and abrupt drop of biirubinemua caused by cortrsone m acute
hepatitss 1 interpreted as the result of the mprovement of the excretory
function of the Iner Thus tmprovement sould be cansed by the slow g
down of the mflammatory reaction and by the effece of the hormone on
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GENERAI  DISCUSSION
Snetea Sprrioch D (London England) 1 would hie to comment on
Dr David on's paper

W e 2re in complete agreement with fus regime of treatment and [ think
our results agree The lines of treatment we use are first of alf ro search
very carefully for any factor that mught be diminishing hver function
The commonest 15 gastromntesuml hemorrhage but there are others hie
infection and the effects of surgery

Secandly all nitrogen 1n the mtesune 1s ehminated 1 am not going so
far as to sav ammonia 1n the mntestne but 1 think we wall all agree on
nitrogen We stop dietary proten amuno acids and ammonium salts The
dwrene diamox may induce coma i a very small number of people with
crthosis Calorses are supplied by glucose or mavbe starch hydrolysate
1s better Certamly we do tend to get a diacrhea with oral glucose and
dextrin may prevent this

Following, the observations of Faloon and Tisher we have replaced
chlortetracy chine by neomyein although we are fighting a losing bartle
with the National Health Service on account of the price If the pauent
1s hept on 1t for 2 vear the cost 1s approuimately §4000"

W hen considering the results of treatment 1a hepatic coma and judging
from publshed results the first thing to notice 1s the stige of com de
scribed and this should always be specified There 15 a great deal of dif
ference between the results obtained When treatment 1 commenced m
the precomatose phase than when 1t 1s commenced 1n deep coma

The other pomt a3 Dr Davidson stressed s that recovery must be
clearly defined T think 1t should be dened as abilits to leate the hos
pital  If a patient recovers and then next week goes nto coma agan
and dies this patiene should be struck off our recovers hst

Of 13 patients with acute virus hepatius 8 reached deep coma and 6
died This emphasizes that deep coma in virus hepatiis carries a very
amious prognosts and 1 must congratulate Dr Ducct on saving 5 out
ot 10

In airthotic groups acute eirrhonc coma must be separated from the
chronic cirrhotic coma By chrome 1 mcan the patient in whom by
p1sing of portal blood 1 the mam factor The patient who develops
neuropsy chiatne symptoms after 2 porta caval anastomosis or who has
2 large spontancous portal systemuc shunt will ger better hterally 1n
spite of you Of this group of 13 chramie eirthoues 1o reached coma and
none died Ot the acute ones 6 reached deep coma and 17 died So we
Were sIUNg 50 per cent of our patients with precoma or coma bue only
about one-quarter of those Who mot mtn the detp comatose stage

The prognoss of hepatic coma depends really on early duagnosss
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was stopped the bload ammonia tended to return toward the control
levels One patient had cirrhosss and was m com but not deep coma He
still responded to pamful sumult A gastnic tube was inseeted after the
first 24 hours and he was fed go Gm of protein a day by tube

In addition to the penipheral venous blood deternunations we deter
mimed ammona levels in abdormnal collateral vein blood There was a
shghtly elevated ammonit in the collateral ven blood over that n the
penipheral venous bloud during the first 3 determnations before neomy cin
was started VWhen the neomy emn was started it tended to fall to a level
lower than that in the penpheral venous blood

Whether this means we are stenhzing the gastrowntestnal tract and
lowenng the ammoma m blood conung from the gastromtestmal tract
we are nOt certatn but we thinh 1t suggests that Wichin 36 hours after
therapy was begun the ammoma level fell to below 50 which 15 our
top normal figure and continued at this level throughout the peried of
neomycin therapy

We were aware of the same problem Dr Sherlock was that this 1
an expensive form of therapy Ve had been using 12 Gm a day and
we wanted to see what 8 Gm would do

Therefore we studied 3 patients reccerng 8 Gm daily The first patient
recenved ncomy e for 48 hours followed by a fall 1a blood ammonia
Followng cessation of therapy the ammonta agam rove After the second
course he did not have a sigmficant elevation m blood ammonta until the
sty hfth day of thisstudy some 45 davs after the neomy cin was stopped
This brings up a pownt which I will make later OF the other two patients
one had impending coma and became stuporous and was fed largely
by the aid of the dientian He was not in deep comt Agan i i the
effect of ncomycin we thought was sigmificant Similar results were seen
n the thuird patient

Our expenence 15 not large enough to draw conclusions We have
treated some 17 panents with neurological changes with acute disturh
ances such 1s acute bleeding or porta cwval shunt surgery Of these we
have lost probably ¢ ar & -— 1 don t have the exact fignees with me

We have a number of thoughts about this which may be worthw hile
emphasizing First of all Dr Sherlock pomnted out the imporrant factor
about antibhotic use m such pavients — that probabls the only effect of
antiblotics 1n reducing anunomia formation 15 by sterhzing the gastro
testinal tract or by ar least removing those argansms which produce
ammorua As faras we hnow there 1s no ather effect

“There are several corollanes that exist One 1s that one needs to produce
n ntesune thit i stenle or very nearly stenlized n order to get this
effect Sccondls there mav he other compound 1n addiuon to straghe
ammona or ammomum sales which mav still be absorbed which will
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whether there 1s a preciprtant vou can trear or not, and what the state
15 of the Iner cells

Twelve patients with cirrhosis were first seen 1n deep coma and 8 died
wheress  were first seen in precoma and only g of them died The
prognosis 1s much better 1if v ou start treatment earls It 1s bereer if there
15 1 clear precapitant such as hemorrhage Seven of 1 pattents died show
Ing steadyv detersoration but without a clear precipitant whereas only 3
died in whom gastromtestinal hemmorhage offered some prospect of
control

Tinalls  this emphasizes that prognosts depends on the stage of the
Iner cells and thatss why 1t 1550 bad m virus hepatinis Five of 6 jaundiced
airrhotics died whereas onlv 1o of 3 of those without paundice dted
I dont approve of Dr Davidson putting so much emphasis on portat
b perteaston as a cause of ascices The Iner cells are equally mmportant
In those wth ascites 14 of 2 died whereas i those without ascites only
3 of 12 died

Tihus regime 15 obvioush ot perfect It is the best we can do at the
moment AMavhe we will 2ll be able to think up something berter next
vear I think this 1s a rational plan that offers some prospect of treating
what has lutherto been a most fatal condition

Wirtane W Fazoon M D Syracuse New Yorl ) With a new method
of therapy I hike others tend to be overenthusistic Probabls there are
others around the country who have had more expertence with neorm cin
than we have had ac chus ame Tihis tdea obysoushs 15 nac orgmal wich
us It 15 a logical extenston of the fact that ammonta derives very largels
from the gastromtestmal tract

We hue 1n our studtes however attempted to do one thing that
Dr Sherloch and Dr Davidson havent done and that 1s to contmue
feeding protem whenever powstble while we are treating the patients
with the feeling that onlv in chrs fashion can we evaluate the effect of
neomn cin by 1tself and msofar as posstble free of the effect of lowermng
the protein intake

1 think this can be best stated as betng no panacea for hepatic com
The patients mav stll dre desprie this theraps  they re awtke perhaps
a lutle Jonger but when the end comes they are just as dead as are the
drowsy ones

Ve started with a rehitnely «afe group of panents Alost of these had
shightls elexated ammonta lexels which madentalls were not fasting
determinarions  because we v anted to obtain nearly mavimal blood am
monse lexels This we ¥t ould por have obtasned in the fasting state

Dunng the neoms cin pertad when the patient was stull eatsng 2 mod
erately tugh protemn diet the ammonu fell and when the neomyem
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was stopped the blood ammonia tended to return toward the control
Ievels One patient had cirrhosss and was in coma but not deep coma He
sult responded to pamful sumuli A gastric tube was mserted after the
fist 24 hours and he was fed go Gm of protemn a day by tube

In addition to the penpheral venous blood determinations we deter
mned ammona levels 1 abdommal collateral vem blood There was a
shghtly elesated ammonsa 1n the collateral vern blood over that m the
peripheral venous blood during the first 3 determinattons before neoms ein
was started VW hen the ncoms oin was started 1t tended to fall to a level
Jower than that in the peripheral venous blood

Whether this means we are stenihzing the gastromtestinal tract and
lowenng the ammona 1n blood coming from the gastromtestinal tract
we are not certain but we think 1t suggests that Veathin 36 hours after
therapy was begun the ammonia level fell to below so which 15 our
top normal figure and d at this level throughout the period of
neomy cimn therapy

We were aware of the same problem Dr Sherlock was that this 15
an expensive form of therapy Ve had been using 12 Gm a day and
we wanted to see what § Gm would do

Therefore we studied 3 patients recening 8 Gm daly The first patient
recerved neomycin for 48 hours followed by 2 fall m blood ammonta
Following cessation of therapy the ammoni again rose After the second
course he did not have a significant elesation i blood ammona until the
sixty fifth dav of thus studs some 45 days after the neoms cin was stopped
This brings up a pone which I w)ll make later Of the other tv o patients
one had impending coma and became stuporous and was fed largely
by the aid of the dietrtian He was not in deep coma Again mn him the
effect of neoms cin we thought was sigmficant Similar resules were seen
1 the third panent

Our expenience 15 not large enough to draw conclusions We have
treated some 17 patients with neurological changes with acute disturb-
ances such a5 acute bleeding or porta caral shunt surgers  Of chese we
have lost probably 6 or 8 — F don t have the exact figures with me

We have 2 number of thoughts about this which may be worthw hile
emphasizing First of all, Dr Sherlock pomted out the important factor
about annbiouic use 1n such patients — that probebly the onlv effect of
annbtotics 1n reducing s by stenlizing the gastro-
mntesunal eract, or by at least removing those orgamsms which produce
ammonia As far as we hnow there 13 no other effect

There are secral corollames that evist One s thar one needs to produce
2% Iacestine that s stenle or very nearhy sterhzed in order to get this
effect Secondly there may he other compounds 1 addition to straght
SMmONIT or ammontum salts which may sl be absorbed which wall
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gne an elevated ammonra once they are absorbed Such things nught be
glutamine or perhaps amino acids or other nitrogeneous substances Also
ncomycin does not protect aganst ammoniwm salts such as ammoniem
chloride

‘The lowerng of blood ammonia which follows the admnistration of
neomscm 1s dependent therefore entirely upon the alnliry of the ver
or other mssues to remove ammonn If this funcuon 1s damaged then
the ammonta remoral will not proceed as rapidly a5 one would desire
The speed will depend probablv upou the residual ammoma removal
function Thus 1n the acute cases as Dr Sherlock mentioned the ones
who have fulmmaung hepititts the circhotics who are bleeding and 1n
shock there will probably net be much fall 1n ammonia even though the
neomycin does have an opportumey to work Also 1f the pauent 15 se
verely 1 and does not survise long enough for the Jow ening of ammora,
his coma may not be reversed

In agreement with Dr Sherlock we find the best results in the stable
individuals and probablhy the poorest results 1n the obnysoush sicher ones

The effect of neomvamn on blood ammoma will probably last only
as long as the intestne remams stertle and i our expenience thus 1s a
sanable factor after the neomy cin 15 stopped

A M Rarparorr MD (Toronto Canada) I would lile to comment
on Dr Duccis paper

One finds verv hiutle n the hterature about how cortisone affects the
pathophysiology of the falng hver 1n coma and we are very grateful
for his suggestions today bur T am wondermg whether there might be
another a circulatory factor that enters mto play

We have been able to produce experimentally the fulf blown preture
of hepatic coma m dogs by inducing a severe 1schemua 1n the dog's Iner
We formed an Fch fistuls and 3o hours later we hgated the common
hepauc artery  The liganion of the common hepatic artery racreased the
sschermia of the Inver leading to necrosis of the parenchyma In certam
cases where the blood supph ro the Iner was vers much curtaled
the necrosts progressed and all the clieal sipns of fatal hepauc coma
ensued

In other cases where m the one or m the other animal good collateral
supply to the hiver was provided by nature we could hirst see the progress
of hepatic coma to a certan state and then the regression of coma This
went along parallel with the inmal decrease and lacer 1ncrease of blood
flow to the lner

I wander if cornsone by reducing the swelling of the hver cells does
p the sinusoids and 1ncrease the blood supply to the tver 1 would

0y
o } mterested to hear if anvbods has done blood flow studies

be very mucl
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m patients sufferng from acute hepatts 1ad treated with cortsone {
realze how difficalt 1t s

M Byorsiuos, M (Copenhagen Denmash) [ would ble ro comment
on Dy Duccss papes sn regard to Prednison trettment of chrome hepa
ats

Short term treateent of wonsen wsth chrome hepatitis has shown prom
wing zesalts 1 our country Long term treatment i3 now being tned
Thygstrup and Wakler from the Copenhagen Unnersity Chmc have
published 8 courses of Predmison treatment m 6 patens (1 mwn
somen} and we have treated  women m our chstie The resale has w
mOSE cases been an increase i well bemg and appentte and — ar the same
time -2 loss of weght and disappearance of ascites and edemmas In 5 of
10 courses 1t was possble to stop trexment wath drencs The dose
hasbeen 20 mg Prednion a dav

As Isaid thus treatment looks promsing Nothing that we have tried
as treatment for these patients hitherto has been of any effect and we
fook forward o Predmson trestment a5 anvhow a geod symptomatc
teeatment,

T C Cuataers MDD (Boston Massachuserss) A number of allusions
have been made during the last 3 davs ca the controlled stadies of the
treatment of hepantts conducted w haoto Japn s v ears ago this winter
1 want to emphasize that st was 3 large scale study 1 which a number
of people were mahed m Boston haoto and Washmgton and 3 lot
of people I thinh can tahe credit or blame

There are a couple of rhings ¥ want to comment on s regard to the
studs Dr Musray has revsesed the dictary aspects very well and Uwont
discusy thern any further bus 1 think the bed rest situation does desene
seme furcher comment

fn che first place I thunk we should emphasize the definictons used
eomparng trearment effects In other words we hud 2 group of pavents
who were hept at stnet bed rest by nigid rules excepr for one top ta
the tathroom per day and we compared them with 2 group of patients
who were told that thes could go ta bed f they felr badh but that they
could get up all they wanted to of they fele fihe st exvepr for 1 hour
tn bed after each meat and excepr that thes were confined to the hospiat
ward

It 1s 2 very important paint that if the pameat fet sch he could sty
mbied and could be wasted on The bed rest was ad b We forced nobody
0 40t up and morve around when he feir wick 1 have hirde doubt that of
we had forced the sich people to march around av we hue been quoted

mﬁ haung dotte we mught semy wedl hive demonstrated somse deleserious
ehiects
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When people ash me 1f T thun] this studs applies to older people or to
people who are sicher or to people who are not soldiers I'say Yes because
I thunk that 1f the older person or the nonsoldier has 2 more severe hepa
titts and fecls sich he can stay 1 bed and can be wared on but once
he begins to feel better we can sce notlung to be ganed by forcing him
to stav 1 bed no matter how deep hus jaundice may sl be

As a matter of fact there 15 a lot to be ganed by letting fum up because
he avouds bed rest discase

It has struch me as I have sat here duning the last  dass, that every
time the trearment of nfectious hepatins has come up as a side sssue
as part of some other report—diet cortisone or what have you—it
1s mentioned that the paunenes were treated with strict bed rest 1 am
sure 1 must run through vour mmds as 1t does through mme thar now
5 vears after the hyvoto study  how could so many people still be treanng
their patients with strict bed rest when the adiantages could not be
confirmed by what seemed to be 4 carcfully controlled study

Obiously the answer 15 not easy to come by but there are a couple
of comments that should be made One 15 the relationshrp of basic sct
ence or phisiological observations to observations made on the human
under clinical condiions The application of the oft quoted obsenations
of Bradlev that a panent on a nle table has a decrewse n lner biood
flow when the table 15 ulted up to the treaement of the pauent with
hepatuss 1s a2 very good example of misapplication of bastie ph siologieal
obsennations to chnical sttuatrons Certawply the patent sittng st hus
bedside for meals or plasying poker all dav or half a dav s not very similar
to the pauent on the ult table to whom lots of things happen mcluding
frequent famnting from a decrease n cerebral blood flow

I am sorny I mussed the discusston 1n which phystological observation
1 ammals versus humans was commented on I think the bastc reason
for the difference 1s that 1t 15 difficult to do a controlled study 2 care
fullv controlled study 1n humans However I would like to point out
that duting wartnme sicuations when there 1s a large incidence of the
disease under study a careful and well controlled seudy can be dane
and such a study s just as scienufic s a studv in which anmmals are
manspulated

Furthermore gnen two scientifically  comparable studtes with con
fhicting conclusions onc a study of rabbits in a case and the other of hu
mans with hepattis I cannot help but thmk that the conclustons of the
latter study are more applicable to humans with hepatitis

Aterep S Esans MD  (Madison Wisconsm) 1 would Like to make
some comments m regard to our experience with hepatirs when I was at
the army hepattis center i Munmich Germans  These observations were
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made in conunction with Colonel Robert § Nelsont and Colonel Helmuth
Sprinz,

The first pomnt has been well brought out and that 1 the tremendous
vanabikey of hepantss There is reallh no good way 1o predict the course
of viral hepantis on any objectine data except perhaps the total serum
bilirubin and 1n large groups this does gne an indication as to the duration
of the clincal disease but not in the mdinidual patient

Secondhy 1 garmsoned soldiers at least this 1s a muld disease i which
9y per cent recover almost irrespective of what you do to them

Thirdly the point about rest I am glad Dr Chalmers brought out a
Ietle better definition of what he calls rest It has been assumed that the
treatment 2t the hepatiis center in Germany 1mvolied complete bed rest
This was not so It was a modificd program in w hich patients were allow ed
to be up and around the ward if they so desired or to remain 1 bed
Under ths remen we had results sumilar to Dr Chalmerss This was
a similar ty pe of program

‘There was one group used as controls n the ACTH cort one studv
that were hept .t absolute bed rest and by this we meant that the urinal
and bedpan and commades were all brought to the bedside and these
patients did not get out of bed at all unul jaundice disappeared In this
group recovery time was no different from those who were allowed some
freedom

Next 1n regard to evercise Dr Swift and Dr Gardner did 2 study at
the hepatitss center m Germany some vears ago i1 which they made the
partents evercise rather violently — quite actne calisthentes ar different
ponts i the level of serum bilirubin—and found that this made no
difference 1n regard to the course of the illness 1f it were done when the
serum bilirubin was under 3 mg per cent

Similarly 2 graduated exercise program begun m the jaundsce period
did not prolong the course except i patients with serum bilirubms that
Were over 3me per cent

In regard to coma of some g500 patients whom we treated 16 devel
oped coma and died These 16 cases i definice coma died irrespective of
all therapy and mcluded all cases n deep coma Sr¢ of these were treated
with ACTH or cortsone with rather moderate scales of dosage as com
pared to Dr Ducers This had no sigmificant effect

Since then Colonel Nelson has treated 3 cases m defimite coma with 2
schedule of at feast 1 Gm of cornsone a dav and 2 of the 3 have re
covered 1 treated a stmular case at Wisconsn who died Ia addwon 1
other pavent included 1n our report and who was 1 almost a comatose
Ste recovered with the use of cortisone So I feel this ts certamly one
mdication for a trr} of cortisone therapy m large doses

Dr Ducars very interesting data on the administration of oral cortisone
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When people ash me of T thin] this studs apphes to older peaple or to
people who are sicl er or to people who are not soldiers Isay Yes because
I chink thae of the older person or the nonsoldier has a more severe hepa
tis and feels stch he ¢an stay 1n bed and can be warted on but once
he begms to feel beteer we can sce nothing to be gained by foremg him
to stav m bed no matter how decp his jaundice may snll be

As a matter of fact there 1s 2 lot to be gamed by lettng him up because
he avoids bed rest discase

It has struch me as I have sat here during the last  davs that even
time the treatment of mfectious hepatinis has come up as 1 stde nsue
as part of some other report—diet cortisone or what have you—1t
1s menvoned tha the patients were treated with stncr bed rest I am
sure 1t pust run through y our munds as it does through mine that now
5 years after the Kyoto study  how could so many people sull be treating
their pattents with strict bed rest when the advantiges could not be
confirmed by what seemed to be a carefully controlled study >

Obviously the answer 1s not easy to come by but there are a couple
of comments that should be made One 1s the relationshtp of basic sct
ence or physiological observattons to obsenations mide on the human
under chinical conditions The application of the oft quoted obseryations
of Bradley thet a patient on a tilt table has a decrewse m Liver blood
flow when the table 1s tilted up to the treatment of the patient with
hepatinis 1s a very good example of musapplication of basic phy siological
observations to chmeal situattons Certaindy the patient situng at s
bedstde for meals or play ing poker all day or half a day 1s not very simlar
to the panent on the nit table to whom Jots of things happen including
frequent fainting from a decrease in cerebral blood flow

1 am sorry I mussed the discussion in which physiolagical observation
n animals versus humans was commented on 1 thinh the basic reason
for the difference 1s that 1t 15 difficult to do a controlled study a care
fully controlled study n humans However I would Jike to pomt out
that during warume situatons when there 1s a large mcidence of the
disease under study a careful and well controlled study can be done
and such a study 15 just as scienufic as a study i which animals are
mantpulated

Furthermore gnen two sctentihcallhy comparable studies with con
flicting conclustons one a study of rabbits 1n 2 case and the other of hu
mans with hepatitis I cannot help but dhnk thae the conclusions of the
Jarter study are more applicable fo humans with hepatirs

Avrren § Evans M D (Madison Wisconstn) T would lihe to make
some comments 1 regard to our experience W sth hepatitis when I was at
the army hepatitis center in Mumch Germany  These obserianons were
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Citamatan Watson 1t 35 a hittle difficult o decide which queston we
should start with bigt there 15 one here that 1s rather general 1n character
which T think mught be good  \What are the compheatons of viral
bepatis I hnow Dr Sherloch has some mformanen that would be yery
helpful concerning this question 1 et's face the problem first and get the
complications bisted and then perhaps we can have some discussion of
them individually

Dr Srrrtock T wauld ke to discuss what T have called  complicated <
sirus hepatiis  The first complicatson 13 the fulminant form m which
the her suffers an overwhelanng insuft Death occurs within about a
week sf not then 1n my expenence the patient recovers completely The
reticulm pattern of the ln er 15 unaltered ammd all the chaos and if recovery
oecurs 1t 15 a complete recorvery

The second complication 15 subacute hepatiis m which the patient
shows 2 relapsing, course devclops vascular spiders splenomegaly  edema
of the legs asaites neuropsy chuatnic changes and 1s dead within six months
—or 1f notthen 1s left wath the picture of posthepatitis cirrhosis 1 believe
thae when cirrhosis follows virus hepatitis it follows the subacute phase
although not alwavs a climeally apparent subacute phase The patient may
not show all the chimea) features of subacute hepatins buat can sul] develop
the airrhosts

“The third compheation 1s a prolonged picture of obstructive jaundice
of which we are sceing 3 fair amount 1 1 agland ar the moment In the
last couple of vears 1 have seen 13 panents with a clear virus hepantis
histors  often wih contact history  who have shown predominantly
abstructie featvres and who have remamed with a2 serum bilirubin of
greater than 14 mg for more than 15 weeks This was the group De
Bockus was needling us on where there 15 difficulty m distigaishing

559
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for short pertods 1s quite sumlar to that wWhich we obtaned mn 2 smaller
controlied study In our evperience therapy with cortisone for as short
anme as 1 or . weehs did not affect the total duratton of the disease even
though there was a marked drop m serum bilirubin T understand ths was
also Dr Duccts expentence In longer therapy of 3 weehs 1o did have
some effect on the course of the iliness — a sygnificant effect bur of very
moderate sigmficance one of perhaps 1 week

Our relapse rate was o per cent under any schedule that we attempred
even though we gase gamma globulin in an attempr ro prevent the relapse
1n the wild hope that gamma globulin mghe find where the virus was or
prevent a secondary virema

‘We have also had expertence with cortisone and ACTH 1n moderately
severe cases and feel that the progressive case with a serum bilirubin over
15 mg per cent 1s sometimes benefited s cortisone therapy bue I thunk
we should be quite careful in consdering what we are doing wich corty
sone 1n this situation

We are not as far as anv one hnows Milling the virus We are not downg
amyvthing specific agamst this mfectious process At best we are only
mhubing the inflammatory reactton of the infectious process It 1s true
that this 15 a nice whitew ashimg, agent through a poorly understood mech
arusm The patient looks white nd 1t nrthes the pattent happs to see
that he 1s now white and not vellon It makes the doctor happy to see
him somew hat whiter but when one considers the roral duration of the
disease 1t does not make 3 really significant difference 1n g large group of
cases
So I think consideration of the use of cortisone shonld be resersed only
for those cases tm which v ou think the inflammatory process can be modi
fied by cortisone to prevent death In other words for those cases in
which 1stal processes are affected and not on amy rounine bagis because
here 1 thinl relapses often make the problem very very difficult

We have some evidence in hier biopsies Dr Rappapors thae the use
of cortisone does 1n fact dimimsh the mflammatory reaction of the hepanic
cells [ have no data on the blood suppls  but coded Inver biopstes given
to our pathologist Colonel Sprinz of cases trested with and without
cortisone demonstrated when uncoded a ‘erv definste diminution i the
inflammatory lesion 1 the lhser biopsy  Three of these 1o cases so ex
ammed also had quire marked tat inhitration

So m luston I would rec d great caution in the use of
ACTH gnd cortisone on amy routme basts 1 think Dr Ducer s results are

sery nuce indeed
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with vascular spiders, splenomegahy  edema asciees and so on and 4 of
them had subsided to apparent inertia

In the remaimng 13 patients with mactive airrhosts there wasa penod
after the hepattss 1n whch they were able to work normalls and scemed
to all ntents and purposes normal  Sesen of these are sull in that stace
and have been followed up to 5 years We hnow thes have airthosis we
think 1t developed aftes the hepants but it 1s not causing them any
partcular trouble and we don ¢ know when it will Eight of them after
amean of §years have shown hemitemests imply g, portal hn pertension
and 1 general portal by pertension 15 much more promment 1n this group
than 1t 15 for urhass assocuted with alcoholsm After 8 vears 8 of
them show ascites and Iner fadure

e believe as Bloomfield beheved that after the ongmal attack there
can be quite a long latent penad before trouble beains

I have dinded cirshosis inta ¢ speculanise groups the chimenl tpe
the fulminant the subacute the prolonced obstructive and the group w ith
prolonged flocculation tests 1 have expressed these n terms of patho
logical lestons In the fulminant necrosis 15 promuncnt regeneration 15
nonewistent  reticulaendothehal reaction n the hner 1s skaht and bile
retention 1s minimal The prognosts ts usualhy very bad although as I have
sud 1f recovery occurs 1t 1s complete

The subacute hwer shows necrosis regencration, and reuculoendothelial
teaction all continwng together with a munmal of bile retention The
prognosss is bad Lither the patients dic at that stage or they progress to
a arrrhosis

In the prolonged obstructine lver nccrosss 1s plus minus Parenchymal
damage is very shight Re, 15 non and loendothelil
reaction 15 very shght perhaps yust one plus Bile retennion s sery
promment The prognosis s good

The prolonged posis e focculation test group 1s the ty pe that 15 some
tumes cilled wrongh  chromic fiepantis  The term  chronic hepatitis
muse mply cell damage whereas this group doesnt usualfy show this
feature There 15 no necrosis and no cell regeneration and reniculoendothe
hal reactian 15 three plus whereas bile retention 1s not seen These patients
are not faundiced and ufumacel recovers s complete In summary the
prognoss depends on the amount of finer cefl damage that exusts and on

wheeher or not the acute attack has resufted in destrucuon of the retculin
structure of the liver

Cruryian Watsos Dr Sherlock has adrmitably mtroduced the question
of the passible late comphication of hepants and the question of transt
uon to Grrhesis De Popper [ know fns been very much mterested m
the question of the tv pe of cirthosis w hich deselops following v1ral hepa
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evtrahepate iilary obstruction Thes is the condition that Dr Watsan
and Dr Hoffbauer described a5 cholangsolite hepatins [ have avorded
that term because Wle others 1 dont hhe ivoking the cholangrol or
disease where T am nat quite sure of the natare of the cholangroles and
whether or not they are i fact diseased so I would rather call this
complication Repastis with 2 prolonged obstrucre stage  In
expenience this 1 followed by complete recavers 1 dont thiak primary
biduany cirrhosis 15 a sequel of this 1y pe

Tually  there are vartous bemign sequelze such as the posthepatins
syndrome which 15 fmlure to gmn wesght nasty ache over the hier—
that one hittle drink and 3 ou feel dreadful  and 50 on This 15 2 5y ndrome
that 15 partsculacly common in the medtcal and nursing profession and 1
am sure all of you clmicrans here will bear me out on this Symproms are
usually T think of 2 functronal narure related to the fear of developny,
ciechosis Then there 1s 2 group m whom cellular infiltrations remam in
the portal of the lner for s long tme w1th assocrated posun ¢ flocculation
tests Thymol tarbsdiny  for instance may be posttive for 6 or 7 months
Recoven s complete

These are the patrents 1 hee seen sosch what I chenk 1s postheparics
ctrchosis How do T know this lesion followed heparms® Well 1 dont
AlLT know 1s that these people had a disease whieh was chnically ndis
ungusshable from ysrus hepatis and who developed cirrhosis In § of them
I had an original bropsy w hich shou ed the picture of virus hepatitis There
were 22 menand 1 vwomen mn the group the numbers bemng loaded by the
mubtary forces during the last war and that 15 why there are more men
thant women The mean age was 33 m fact most of them were less than
30 It s 2 vounger age group than that ot cirrhosss agsocnted with aleo-
folism None of my pauents took excessive amounts of alcohol

In the ongmal attach 8 had erum hepatitis and 26 were mnfectious of
whom 16 had 2 contact ustors and 1o of these dunmg malitany service
The orygenal attack 1n 11 you nught sav was classical 1 that they were
jzundiced Jess than 2 month and they made an uninterrupted recoven
In 12 1 classihied it as severe chey developed etther very deep jaundice
ot ascites or were avy from work for many months Tleven had a3 re
lapse So I thimk we can sav that posthepanus crrrhosis mav follow
classical hepatitts but w15 more common after the severe type or after
a relapse There were 52 deaths i the series 7 with hematemests 1d
Iiver farlure

1 have divsded the patients w1th posthepatitis cirrhosis mto twod groups
the “actne and the mactie The nacove showed very httle except
perhaps 2 palpable Iner the biochemustry wis negatise

“There were 11 patients m the actne group At the end of 3 vears

2 of them were dead 5 were conunumg along m an geunve stage that ss
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with vascular spiders, splenomegaly edema ascites and so on and 4 of
them had subsided to apparent 1nerna

In the remaming 13 paticnts with mactive cirrhosts there was a period
aftee the hepatins m which they were able to work normally and seemed
to all ntents and purposes normal  Seven of these are sulf in that stage
and have been followed up to 5 vears We hnow they have cirrhosts we
think 1t developed after the hepatits but 1t 15 not ciusing them any
parnicular trouble and we dont know when 1t will Fight of them after
amean of 5 years have shown hematemess impluing portal hy pertension
and m general porral hy pertension 15 much mere promment n this group
than 1t 15 for ctrrhosis assocrted with alcoholism After b vears 8 of
them show ascites and hver failure

We belicre as Bloomfield believed that after the ongimat attach there
can be quite a long latent period before trouble begns

1 have dinaded cirrhosis into § speculune groups the chmeal nvpe
the folminant the subacute the prolonged obstructive and the group with
prolonged flocculation tests T have expressed these an terms of patho
logical lesions In the fulnunant nccrosis 1s promnent regeneration 1s
noneustent  reticuloendothelial reaction n the hver s slight and bile
retention is minimal The prognosis 1s usually very bad although as I have
sud if recovery occurs 1t 1s complete

The subacute biuer shows necrosss and loendothelial
reaction all continuing together with a mimimal of bie retention The
prognosts 1s bad  Either the patients die at that stage or they progress to
a cirrhosts

In the prolonged obstructne liner necrosts 1s plus-minus Parenchymal
damage 15 very shght Reg 101 15 non ne and luendothelhal
feaction 15 very shght perhaps just one plus Bile retention 1 very
prominent The prognowis 1s good

The proloneed positis e flocculation test group 1s the ty pe that 1s some
tmes called wrongly  chronic hepatitis  The term  chromc hepatitis
must 1mph cell damage whereas this group doesnt usually show this
fetture There 15 no necrosns and no cell regeneration and reticuloendothe
hal reaction 15 three plus w hereas bile retention 1 not seen These patients
are not jaundiced and ultimately recovers 15 complete In summary the
prognost. depends on the amount of huer cell damage that exists and on

Whether or not the acute artack has resulted 1n destruction of the renculin
structure of the hver

CHARVAY W ATson Dr Sherlock has admirably intraduced the question
of the possible late complications of hepatitss and the guestion of trans:
ton ta cierhoss D Popper I know has been vers much mnterested n
the question of the r pe of airrhosis which develops following viral hepa



562 Clinical Management

utts and so I am going to ash lum to devote a hetle tme to that if he
will

Dr. Porrer  As Dr Watson just mennioned we have been very much
nterested 1n the morphologic pathways by which 2 lesion which 1s char
actenzed 1n 1ts ongmal stages by a single cell necrosis may proceed mto
cirrhosts In 2 relatnely small number of cases of the fulminant type of
hepatits 1o wluch Dr Sherloch made reference earher a massne
necrosis tahes place There great parts of the parenchyma collapse and
postnecrosis cirrhosis results

This 1s a well established course of events and ses eral names are given
to this condition — coarse nodular currhosis tovc crrrhosts postnecronc
cirrhosis —all characterized pathologically by great vanations of the
picture throughout the Iner Part of the ner parenchyma may look
almost normal as a matter of fict on hner biopsy 1n such an area a
perfectly normal picture may be obtained whereas m other areas broad
connectine tissue bands are present

Although there are relatnely few cases in which one clearly could
demonstrate this course of events by Iner bropsy I thmk most clmicians
and pathologists will accept this pathuway

However much more difficult to understand 1s the tvpe of pathuay
which starts with smgle cell necrosts d with cellular mfl. 101
around the single necrotic cells which Dr Gall discussed previously
How can such a lesion proceed mto cirrhosis®

Briefh I want to describe some cipenimental evidence for such a
progress ot single cell necrosts into cirrhosts from studies with G hent
A Dubin and C Bruce If rats are put on an ethionine contaiming dret
two changes develop both of which are stmilar to what we would see i
human viral hepatis during the spottsy necrouc stage single cell necrosis
accompanied by single cell regencration and a marked interstitial cell
reaction This mterstitial cell reiccion consists tn part of inflammatory
cells and in part to our great surprise of cells denved from the bile
ductules VW e do not mean the ducts even the smallest ducts in the portal
tracts but the so called canals of Hening cholangioles or whatetver other
name 35 given to ductuhr structure within the lobular parenchy ma and
not within the portal tracts

Ta such rats (and we made stmilar observations 1n the human but could
study them better 1 rats) thes ductular cell reaction has some similarities
with an mflammatory reaction These ductular cells sometmes greathy
resemble mesenchymal cells Upon imnjection of Indiz snk nto the bile
ducts of such rats one can demonstrate between cells looking hke
mesenchyvinal cells bile ductular channels That means what may look
Jike a mesenchy mal reaction may actually represent prohiferatron of the
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smallest bile ductules the epithelial cells of which appenr disorgamized and
are frequently mtermived with unquestionable inflimmatory cells

In connection with what has been discussed before 1 would ike to add
that cortisone suppresses completely the ductular and the mflammatory
reaction whereas the Iiver cell damage persists After imjection studies of
the blood vemns indicate that in the subacute stige of the ethionine mtox:
cauon the blood flow 15 imparred by the described sntersunial reaction
The administration of cortisone probabls abolishes the blood flow inter
ference m the expenimental rat although Iiser damage exists

In this stage of diffuse single cell necrosts a fibrosis sets in along two
pathwavs One pathwas follows collapse of the iver cells and subsequent
collagemzation of the reticulum frameworh The second — #nd this was a

g sutprise to us—s the f of b 1! along these
ductuler cells which resemble mesenchy mal cells
These b cventually and thus develop into

septa which dissect part of the lobules and thus produce regenerative
nedules Finally tpical cirrhosis — exther diffuse septal or postnecrotic
~—follows a process starting wth single cell necrosis and s never asso
caated with massie carrhosis In the coarse nodular (postnecrotic) cirrho
st serum gamma globuln 1s marhedly elesated just as 1 human post
necrotic cirrhosis

In conclusion the rat observations demon trate the possibility of a slow
but acte leston which 1s characterized by histologic changes similar to
the human viral hepautis developmg into a diffuse septal ty pe of cirrhosis
without any episode of catastrophic breabdown of hepatic function

Coarvay Watsov [ wonder if one of 1ou gentlemen would like o
comment further on this question T think we ought to treat the question
of cirrthosis 1n relation to hepauws now Dr Bygmeboe 1 know you are
particularly snterested 1n this

De Bygrnveeoe 1 would hke to take this opportumny to make a few
remarks concerning our findings in Denmark on the relationship between
the incidence of hepatitis and fatal cirrhosis of the hver
© my hnowlcdge the first to demonstrate anatomscally the develop

ment of cirrhosss of the b er after acute hepatitis was Rrarup by means
of the liver aspiration biopsy techmique of Iversen and Roholm

To illustrate further this connection bets een hepatitis and currhosts of
the Iver I shall utilize Danush medical statistics which are probably among
the most rehable 1n the world

1 shall consider hepatinss first Since 19 8 this disease has been notifiable
m Denmark Returns are sent by the local general practictoners to the
Medical Officers of Health who 1n their turn send them to the Depart
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ment of Medical Statistics of the AMwustry of Health This method 55
naturalls assocrated with certam errors Nat all cases are noufied Thus,
Rvsang found m 19461947 that 83 per cent of all the cases of hepattis
diagnosed in Copenhagen duning 2 6 month peniod were novhed There
are, however no reasons to suspect that chis maccuracy savies from sear
to vear Incorrect dignoses must also occur 1¢ sient gallstones and
cancer but parncularhy m such a charactenstic disease as hepanis, meor
rect diagnoses are probably fare

Figure s shous the medence of hepatitis in Denmark, month for moath
from 19 8to 19,6 All that1s known concerning the mcidence of hepatitss
1 the vears ymmediately prior to 19 § is that the merdence was greater
than 1n 19 8§ but exact figures are not available Since then there were
two waves with mauma n 1933 and 1943 respectineh and mn additson
the charactenstic seasonal varianion for the discase with maximum 1 the
wmnter months and nuamum m summer These seasonal vananons are
most pronounced in those vears m which the madence of hepatius 15
greatest

Figure  shows that the sev distribution among adult patients durmng
the v ears has remained unchnged at approvimatcls 5o per cent males and
5o per cent females As regards the age distribution ort the other hand a
strihing change has occusred as adults comprise an sncreasing proportion
of the total number of patieats (Figure 3 and Figure 4) In 1930-193)
nearh go per cent of the patents were adults while since 1945 approut
mately 70 per cent of the pattents were adults In the forties we assumed
that ths condtion was connected with the hepatitis ssrus presalent at that
ume However the age distnbution has not altered since As m polio-
mielitis the alteration 1n the age distribution mghe be ttributed to the
fact that increasing hygiene 1 Denmark causes the population to en
counter the virus infection later and later in Ife The great undulations 1

7 B e R
a

Frevre 1 Hepantis cases per month 1t Denmark 19 41956



Panel Discussion on Therapy Course and Prognosis 565

u %0/ 90
5 o) femotes 2
INE 0
e &
% %0 P - 50
x ¥ w0
g 2
2 } 2
$ P
o 0
sE g0 N Jv Js W W w W % w 3o 31 v
Jears
Fieere 2 Sex distribution sn hepatitis pat ents ovee 15 years of age

v %0 w0
g # adulls A
n 7

3 &) 60
y - r -1 9%
P 0
£ 4
2 20

& 1) 0
o o

A0 R M m J w2 w16 @ 0 52 5
yoors

Fioore 3 Age d stribution in hepanus patients (adults aver 15 years of age)

the ncidence of hepatitis are more difficult to explan Vanations in the
wirufence of the virus and the resistance of the population are possible
causes The ewstence of various ty pes of virus is also a possibility These
varation can hardly be called epidemic waves in the ordimary sensc of the
word as they extend over a period of 3 ears

Figure § shows the maidence of citrhosis of the hver as the cause of
death 1n Denmark since 1931 From 1931 onwards the death statistscs of
the Minsstrv of Health are based upon death ceruficates practically all
completed by physicians In this connection considerable errors must be
anticipated a5 regards the dagnosis Tt should however be stressed that
2 great number of the panents parucularh 1 towns die 1 hospitals
where the bil of ) an accurate d are relat
good *

The figures show that as 15 alreads known there was a great increase
m the incidence of cirrhosis of the Lver as a cause of death in the forties
Further 1t vill be obsersed that since then this cause of death has remamed
2t a hgher level than previowsly

During 1955 87 per cent 1n towns 61 per cent 1 the co nery died 1 hospital
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Fiotre 4 Age distrsbution 1n hepatutis patients.

I have attempted ta conteol this condition 1 2 smgle hosputal (The
Al pal Hospital Copent *) by reviewng all the autopsy notes
from tg 8 until 195, The notes are revened with the macroscopie
descriprion of the hver i muad It will be observed from Figure 6 that
the principal change which has occurred after the forues ss an ncrease
10 the pumber of cases of postnecrottc currhosis [ am of the opraon thie
this at least partly esplans the fact that i this country as a whole more
cases of cirrhosts are recorded as the cause of death now than previously
Postnecrotic cirrhosss 1s more frequently recognized chmcathy than portal
cirrhosts which 1s often first discovered at autopsy  Therefore a2 greater
merdence of postnecrotie crthosts should be more probably reflected s
the death statstics than an merease 1 the nardence of poreal circhosis

The epidemc of hepatitss n the thirties is not reflected 1 the mortahts
from cirrhosts while in the forties and later there 15 undoubtedly 2 con
nection betw cen the merdence of hepatitis and the mortaliny trom eitrho
sis Figure 7 and Figure 8 show that 1t 1s not the mortahity from cirrhosis
among males which follows the hepattis graph, but the mortahty from
cirrhasis among females

The obseriagton that hepatitis m the forties and later was more fre
quently follow ed by cirhosis than n the thrties 15 probably connected
with the fact that older age groups are now attached by hepatiss and this

A ¢haaks are duc to S Pen \LD Chief Pathologist the Pathologieal Tn
sutute the Mumsespal Hospital, Copenhagen for pe mussion to use this material
Some of it has already been published
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disease Funs 1 more sestous course in the older age groups® This has
previoush been stressed by Ryssmg  concerning the eprdermic wave n
the forttes but the conditron stilt seems to hold true

This seems to mdwate that the etology of crrrhosn m fernales differs
from the ctiology 1 qmales This supposition 15 supported by an nvestga
uon by Hamtoft of the mortahny from cirrhosis i recent years in Den
mark A fing to this 1m Pp By half of the male
patients suffentng from cirrhoss are aleohol 1ddicts while only very few
of the female pavents are akeohot addicts

1 have consdered myself justfied 1 drawing attention to these
Danwh figures for the merdence of hepatiws and the mortaley from
crrrhoss although they have been published in part previoush  They
demonstrate seseral conditions which are difficult to msestigate 18 coun
ries which have no cartespanding medrcal statistics

The fipures show firstly thac the disease hepanus  occurs b waves
which extend over seseral years These are not eprdemc wates in the
ordinary sense

Secondly these figures show that hepatitis 1n Denmark has altered sm 1ts
chirscter from 2 disease of chuldren to 4 disease which on the whole
attacks adults This s not only a condinon which characterizes the
oceurrence of hepatiis m the fortres but scems to persist

Thirdhy the figures appear to show tha this age displacement smphes
that more fernales now dre from postnecrotic circhosis In males portal
crrrhosts st} dominates and here addiction 1o aleohol stems to be an

P factor 1 the development of circhosts

Criarrian Warsov T am vers glad that Dr Bygrneboe has presented
these interesting stansues o us They really are somew hat rerinescent of
the experience 1 our own hospital the Umsersity of Minnesota Hospatal
over the years where we have had a much smaller incidence of cirrhoss
10 aleof ol addicts than 15 true n the Minneapolis Ceneral Hospstal 1n the
same city or in the Ancher Hospital n 5t Paul There I think the
experience 1s p Je ro that m am t hosprtal wath from So
2 go per cent of the cases bang alcoholics Que statistics at the Unnversizy
Hospueal would run between go 2nd 5o per cent — closer to 40 per cent
alcabotics —~and shese are mawnly smales

The sdropathic or p patinic are mamnly females or at Yeast
much more frequently females than males Ve thunk we do see exactl) the
same pieture i muales bue not anywhere near as frequentlv

We have not been impressed with the mncrdence at or past the meno

it should be po nted ot chat § fo 6 per cent of all who died in the home for

old p ople in Copenhagen (De Gamles By) 1n tgy ~ty5 proved at
Qe s of the I er ¥ e o B auops o have
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pause as we have been waith the incidence 1n voung females yust bes ond
the menarche T think many more of our cases hnve been 1 the vounger
age groups than n the Jater ones With that exception our evpenence
rather reflects what Dr Bygirneboe has sard

I agree that there 1s a very amportant sex factor here I thmk m any
consideration of cirrhosis one has to consider the tv pe of material one 1s
dealing with Cerramly 1 a large municipal hospital we have mambs one
ovpe of crrrhosts the ts pe Dr Davidson was ralking about earher In my
hospital where much of our maternl comes from rural aress we hue
much less aleohohsm and much more of the type of cirthosis thar Dr
Byrncboe has diseussed

Dr Neefe I wonder 1if vou would care to add some comments about
this problem because 1 know 1vou htie been very much mterested 1 1t
for a fong tme

Dr N\rrrr I think st 1s an interesting problem because there 1s sull 2 great
deal of uncertunts and conflict 1 nriny people s minds about the exact
relmonship of viral hepatitis to cirrhosi

There are some people I believe who sull demv that there is any
rehtionship ar 1l However in three attempts to make 1 systermatic
survey of persons who have had hepatitis welt documented hepanius who
have been folloved up some 4 to 8 vears later * the threc groups 2l cxme
out with almost 1dentical results namel  that when 1 large number of
persons w ho had hepatitis are studhed after that intersal there 1s no greater
wcdence of chroate licer disease m thase wha had jaundice than i the
control groups I thmk that would be the conclusien from that study
VW ould yon agree Dr Watson®

CH4IRMAN WaTsov Yes certamly from the standpont of any statwstical
analysis that 1s w hat one h1s to say about Dr Zieves studs He did have
cases of cirrhosts mn the patients who had had hepatins and 1 n the
vontrol group and this difference was not statisticall signtficant
Perhaps we should keep 1n mind agtn wich relation to the sex moi
dence thar the great myonn of the mdn duals in this study were males
1n all three of these large groups

Dr Nrerr That 1s the next pomt I want to emphasize The results in
the ¢ studies realls seem to be n conflice with the expenence of almost
am one s ho has seen hepatitis m the populiton at large 1 think we hne
to admit that these cases exst because Dr Sherlock has just shows a

Tt bas been done i sbout as tharcugh 3 way 3 ha  ver teen possible by Dr
Fiere worhimy, 2t the inneapols V eterans Hospial i that area 1y Dr Turner and
s group n New Otleans and by @ gecup of our o vn n Phil delg hua



Famd Ducussion on Thirapy Comrse and L roguosts s

group and T think any one who has seen Iver disease 1 all sorts of people
has seen patients i wham he felt quite sure that hepatitis must have had
something to do with it

As Dr Watson mentioned these studies were lunited and thair results
can be applied only to the fact that they were nearly all men and also
men in a certun age graup for the most part

T think 1t 15 probably fair to 52y that there 15 one other verv importing
factor 1e that there 15 a difference not only 1n the people who ger these
diseases but 1n the agent iself

One thing that was most impressive that 1 am sure Dr Murray will
remember was one experience we shared somew hat jomntly with a carrier
whose blond was put 1nto a group of volunteers 1t one stage of his course
and which produced a disexse of average seventy m the volunteers
About 6 months later that volunteer himsclf developed acute hepatins
which 15 an unusual circumstance among carners About 6 months after
recovers from his hepanstis blood again was taken from that donor and
was agun guen to volunteers This was about the most vicious virus
present in the blood tiken after the donor had jaundice that I hve ever
seen gt close hand Two of the volunteers came down with acuate hepatitis
at about the same tme and both went 1nro coma within 24 1o 48 hours
One died the other recovered We were worred because 3 other people
had this circulating m them Thes had ¢lobuln and did not come down
Whether or not that was the reason they didn t come down [ don t know
But here was a virus or viruses present ac 2 different times 1n the same
mndinidual Thardly behese it yust happened that there were two unusually
suseepuble patients among the second group There must be some change
at times in the virulence of the organsm or perhaps this man had acqusred
stilf another virus at some stage i the game so that I think we do have to
keep m mind that perhaps some of the differing results may depend on a
differing enologic agent

CHuRsIAY WaTson Dr Ducer wlhiat 1s the umpression with regard to this
whole problem as far as your materal i Chale 15 concerned® You have a
great amount of materul there 1 terms of both hepatus and arrhosis

De Ductt Regarding Dr Sherlock s classification of complicated cirrho
s Tagree with her 1 peneral It s verv similar by the way to the one
we published several y ears ago 1n Gastroenterology

1 think there 15 one type at least i our expenence that 1s m1 sing 1
that classification and thut s the recurrent type of hepatitis Ve see that
once n a while Those paurents d 1 not devclop a true circhosis but dey elop
what Marchand called many vers ago  nodulr hyperphsia  this 15 a

distinetine tvpe different from the true cirrhosis and different from the
subacute type
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pause 15 we hase been wath the mncrdence in soung females jase bevond
the meaarche 1 think many more of our cases have been n the vounger
age groups than m the later ones WWith that evception our expenience
rather reflects what Dr Bypseneboe has sud

I agree that there 1s @ very ymportant sex fictor here T thik mn any
consideration of cirrhosts one has ro conader the typu of materia one 1
dealing, with Certanly 1 a hege muncrpal hospieal we hne maahy one
tvpe of crrrhosts the ty pe Dr Davsdson was talking 1bout earher In mn
hospral where much of cur materal comes from rural areas we hawe
much less alcaholsm and much more of the tvpe of cerhosis that Dr
Bydmeboe has discussed

Dr Neefe I wonder f sou wauld care to add same comments about
thus problem hecause 11 now you have been very much interested n it
for a lang ume

Dz Nerrp 1 thunk e 1s an nteresting problem because there 15 stifl a great
deal of uncertamsy and conflict m man people s mtads 2bout the evacr
reltanstup of viral hepatins to crrrhosts

There are some people § behiese who sull deny that there 18 amy
relaconship At all However m three attempts to make a systemte
surses of persans who have had hepatiis well documented hepatstic + ho
have been fallowed up same ¢ to 8 v cars later * the cthree groups afl came
out with 1lmost rdentical results pamelt  that when a Jarge number of
persons w ho had hepatstss are studied after that intersal there 1s no greater
nedence of chrome Iner disease 11 those who had jaundice than n the
controf groups I thisk that would be the conclusion from that studs
Would you agree Dr VWatson?

Crawsian Warson Yes certainhy from the standpomt of any statisucal
analysis thar 1s what one has to sav about Dr Zieve s study He did hase
cases of urrhosis i the patents who hid had hepattns and 1 i the
control group and thus difference w15 not stansticalls sigmficine
Perhaps \ e should keep m oiad agam with relation to the sex mcr
dence that the great matorty of the mdnaduals in this study were males
1 all three of these large groups

Dg Nirrr That s the next pomt I want to emphasize The results in
1l ese studies redlls seerm to he s conflict with the expersence of almast
anvone who has seea fephuts m the populizion at hrge I thint we have
1o admut thar these cases exsst because Dr Sherloel has just shown a

* Tins has Leen done m about as thor mieh 2 w3y 2 ha ever been povsible by Dr
Zreve wothens, st the Vi apali \eterans Ho pital i that arca by D Tarnce an i
T cup tn v Otfeats snd [y a grwp [ ur con o Philadelphia
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There are three t pes of studies m this regard One 1s the careful fol
low up of patients who have had hepauts In these studies as pornted out
by Dr Neefe no assoctation has been demonstrated but this does not
mean that 1t could not have been missed Secondly there are several poorly
controlled studies of the occurrence of jaundice m the past history of
pattents with cirrhosis which seem to mdicate a positive association The
final approach 1s the one pursued by Dr Bjgrneboe which I must 2dnuc
1smpressne From the epidenuological standpoine he has shown a defimte
assoclation

Lets assume then that an assocuation 1s some day established Does this
mean that viral hepatinis canses cirrhosts  Does this establish cause and
effect>

‘Those of us who believe that a cause and effect has not been established
might explain the hy pothetically demonstrated association by s1ving that
there 1s a disease of unknown euology —and I am now referning to non
alcoholic cirrhosis — which occurs in about 1 1o per cent of the popula
ton which 1s usually fatal but mav be fouad meidentally at autopsy aand
whtch has a variable course often beginmng with an episode of jaundice
which may be confused with acute viral hepatiis Recurrent episodes of
jaundice mght akso be characterstic of this chronic metabolic disorder
of the hver

Tinally T think 1t 1s unwse for us to heep talling as though viral hepa
tiis had been established 1s the cause of currhosis for two reasons first
because 1t Jeads us not to strnve to search for the real cause or the most
common cause of nonaleoholic cirrhosis and secondly 1t makes the
doctor scare his patient {whether purposely or unconsciously) and thus
create a great deal of posthepatices disability

Fmally whenever we see 2 pitient who develops a disease that looks like
viral hepatitis and w ho goes on to die of cirrhosts 1 think we must remem
ber the fact that comcidence occurs all the tme 1n medicine and that the
only way to be sure we are not dealing with comeidence 1s to have a
statistically controlled series

Cramian Watsov It 15 quite clear that there 1s 2 Iittle disagreement
among our panel This 15 an extremely difficult problem and [ have said
many times recently that we really are at an impasse Untl we can get a
method of easily detecning the virus in the hiver or 1n the blood or excreta
or at least of proving that an mdividual had a viral hepatitis i his past
history 1am afrmd we are not gong to get verv much further

Just 1n the past lirerature I think the evidence m favor of the thesss that
viral hepatius causes cirrhosis 15 overw helming — even from the patho
logical literature alone If one goes back to the splendid monograph of
Bergstrand in the lirge epidemic 1n Sweden m around 19 ¢ as faras[ can
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In regird to cirrhosis and hepatitis 1 know this 1s a very complicated
subject but I would hke to call your attention to the fact chat we very
seldom see a patient 1 the acute stage of the disease who after a period of
apparent well bemg devclops hepatins 1f we can follow him nghe from
the start

The great majority of our patients with cirrhosts that we consider
refared to hepatins have carrhosts right from the stare It 1s the same thing
that happens with chromic nephritis and acute nepheitis: The patients with
chronic nephrins often start 2s chrome nephrities night from the begmn
mog and the same cling happens with crerhosis and hepaties [ can recall
only one pauent we saw during the cute stage who after a perod
of several vears of Apparent well bang developed true airrhosis of the
hver

Dr Rhunkrr The only thing that T would like to comment on 1s perhaps
a hetle too controversul to bring up here but possibls it will str up
some arguments

In studies that are being undertaken to determme the madence of
posthepatitis airrhosis do not hver function tests 1n control series often
confuse the preture In those instances where 2 young nasy or army man
who 1s 1 excellent health suddenly desclops an episode of acute jaundice
1n an are2 where many other cases exsst and then continually has difficulty
from that dav forward for a period of § or more years can one disregard
this sequence of events just because normal control sertes show ndnadutls
with postenne Iner function tests  Most of us have scen such cases and
have been convinced that crrhosis in rare instances follows what at
present must be considered ty preal attacks of acute infectious hepatitis
‘Three out of approximately 400 navy men who we observed m their acute
episode durtng World War I fall into this categors and continue to show
abnormahties of hver function at the present tme

Dr Crarvrrs I am concerned about the problem of the mn who gets
drunk and falls down flat on his face Is the cause aleoho! or gravey or
was he tnpped T am quoung from Dr Bovds superb talk Jast might
because I couldnt help thinking all the way through it that 1t had tre
mendous apphcation to the problem we are discussing at the moment —
the problem of cause and effect

Does viral hepatiis cause arrhosis of the hver® 1 thmk we have to
approach this question in 2 s\ stemarc way We have to wsh 15 there an
assocratson® Has an association been blished
1 do not refer to the single patient whom all of us have seen who started
off with what mught be viral hepatitis (but for which we have no proof)
and who has gone on into cirrhosts but from an over all viewpomt 1s
wstically sigmificant assoctation?

—a

vhere a stat
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had any jaundice and no acute attach and who vet present themsehes
with clear cut evidence of a long standing Iner disease

T have scen this happent interestingh enough 1n a mother and daughter
Dr \Mchenna who s here T am sure will remember these two people
The mother developed this discase at about the age of 43 and died after
runmng 2 course of about 5 vears altogether the first 3 vears of which
were nomcteric About 4 vcars later her daughter appeared at the 1ge
of 19 sith the sume discase 10 the same evolution and with the same end
result

The question in my mind has alwavs been 15 thus another form of
viral hepatiis That they both had cirrhosis was not 2 question Thes
both had the tvpe of hepatic test response that one sees in hepatius but
that 15 not speerfic. It 1s a very puzzling group to me The one had a posi
ive lupus ery thematosus phenomenan and y et at post mortem the patholo
gists did not see any thing that they would diagnose as lupus ery thema
tosus

Cuaratan \Warson Before we go on, T would hke to ask your indul
gence to make just a few remarks about a point that I was reminded of
when Dr Sherlock was speal mg namely this question of the prolonged
hepatiess 1 which there 15 little or no evidence of hepatocellular func
tional smparment — whit Dr Hoffbauer and 1 chose to call the cho
langsolitic type and which Dr Sherlock spoke of as the obstructive
tpe

As was said earlier we did not use the term  cholangiohtic  from a
histologic pomt of view because we did not feel we could define this as
a histologie lesion Ve used this term only to express the concept that
the smaller bilinry radicals within the Iner were funcuonally impaired

The thing that impressed us 1n those cises was the fact that as the
biopsy was loohed at 1e the huistology very httle was seen — really
no good evidence of obstruction sufficient to account for the jaundice
That was really the mamn reason why we did not like to use the word
obstructne  because we could see no evidence of obstruction

Certainly there was no evidence of obstruction of larger hile ducts
The cholangiograms which have been made in many of those cases both
prior 10 our publication and subsequently were entrely normal In other
words we were clearly not dealing with any large bile duct disturbance

In fooking at the histology very hetle of 2 mecharucal obstructne na
ture was found to esplan this disturbance et here was clear evidence
that 2 lirge amount of bule at least many of 1ts elements was getung
b:ck mto the blood — regurgitation of bile 1f you want to think of 1t m
that way

An1 s0 our concept was simphy that this was a functional disturbance
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see 1t 15 mposstble to escape the beltef that many cases of cirrhosss resulted
1n that eprdemnic of hepatrtis

It has seemed to me that the man argument centers about w hat ty pe of
cirrhosis —not whether cirrhosis results but 1 what type of crrrhosis
If one goes on to the later work in more recent vears Dr Bygrneloe
referred to the studies of hrarup and Roholm who 2s he said were the
first to show transitions from eprdemic hepatitis on 4 seral biopsy basis to
the development of cirrhosis

Tthus sort of thing was also done 1n more detail by Asenfeld and Bras
There have been a number of studies of that tvpe I have seen a sufficient
number of cases myself that are so com ncmg and of that general charac
ter that I ac least cannot escope the belief that viral hepatits may result
n circhosss

To me the question 15 why doesn t 1t happen more often® What is the
\ factor 1n these ndividuals which causes the cirrhosis to develop occa
sionalh ? It 15 perfectly clear chat 1t does not develop m the vast majonty
of cases

1 was deeply mnterested in Dr hunhels obsersations of the sereased
suscepribility to stilbestrol in 5 of his cases Although these had shown no
histarical reltion to hepatitis nesertheless the face that they did have this
mcreased susceptibility to estrogen Ithink is an interesting lead and one
that ought to be followed up very carefully

I have had the mmpresston in 2 number of cases of this £y pe that they
had profound endocrme disturbances before they had any evrdence of
hier discase This 1s a very dafficule thung to be sure of as of course vou
are not there at the nght time ro make the miestigations you would ke
to but at least from the historical standpoint one gets this ampresston
rather frequently

There 1s fair iterature on this peint although 1 must admut 1t 15 not as
objective or as commcing as one would wish I thinh we need more
studies of this general character to determime whether in the female there
are at tmes endecrine factors which predispose to the development of
cirrhosts after the indss rdual has had virl hepanos

I am sure I agree fullh with Dr Chalmers that just the fact that we mas
believe that viral hepatitis occasionally gives nise to cirrhosts should not
n any way prequdice us against trying to find out about other factors

Are there other thoughts about this aspect of the problem from the
panel before we go on to some of the other questions®

Dr Neese 1 think we oughe also to bring mto this whole preture at
this pornt the other type of chinical story and thae 15 the panents (com
monly females and probably qurte simular to some of those we have been
tallung about) who on their vers first visit to the doctor may not hne
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and perdobulir structure and duct for the interlobular structure 1n
the portal tracts

We would interprer the cellulir infiltration around proliferated duc
rules 1n the subicute stages (I dont know whether Dr Watson will go
along with this) not as the cause of the leston but rather s its resuft
produced by prolon ed regurgitation of bile through these ductules
mto the penductular connective tissue which becomes mflamed because
of the seepage of the bile

Dr Watson has compared tlus process very well with lower nephron
nephrosis where alo without morphalogic evidence necessanly  bemng
present the permeabulity of the tubules 1 abnormalhv mcreased 1t 15 our
opunton that what has been called  perichohingiolins 1o realls a response
to the regurgitation rather thin the cause of the regurgitation and we
are 1 httle supported i this opmion by the observation of similar altera
tons after approvimatels the same tme 1n established extrahepatic bihary
obstruction We therefore assume that bile seeping from the cholangioles
mto the interstitial thsue for 4 or 5 weel s produces secondary nflamma
uon VY hether this inflammation finally causes fibrosis which adds a
mechamical obstrucuve feature we can only speculate

Now to the features As 1 d earlier we have been
extremely impressed with the role of the ductular cells We think due
tular cells are of great importance i hepatitis and many other conditions
We may not recognize them because they look hke mesenchymal cells
and we need specnl techmques such ay njections to be sure of their
niture Another method 1s staiming for alkahine phosphatase which selec
tively can be demonstrated m these cells

These ductules we beliese develop from liver cells Tt 15 usnally stated
n embry ology textbooks that the Iiver cells develop from bile ducts and
the latter from ductular cells We now know on the basis of modern
embryology that that 15 not the case —to the contrary from the liver
cell anlage ducts and ductules develop secondanly We therefore as
sume that one response of the hner to damage 1s the transformanon of
liver cells into ductular cells which may sometimes appear not as duc
tular cells bur as mflammators cells And furthermore  that as additional
respense to the mjury the ductular cells become abnormallv permeable

g r of bile and of bilary matenal within

the ductales from loss of water This results in bile plugs which prowde
a mechanical factor in this mntrihepanc cholestass This hepatic response
may be ehicited by injurics of varted etiology ncludm, viral infections
drug sensityy 1ty or poisons

Cramay Warson We have some clinieal problems to which we must
address ourselves at Jeast for a time
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an mury of the smaller biliary radicals an increased permeability so
that bile was able to Jeal back into the blood This was by no means a
new concept Actually 1t went back to Minkowshi Aschoff tall ed about
the relatne weakness of the lower portion of the bile capillary the so-
called ampulls Aschoff many of yau will remember spoke of it as the

Achilles heel of the biliary tract

1\ hether this was the pomt of Jeakage or nor we were unable to say
because we had no means of localizing this with the microscope The
fact that there was evidence of Jeahage of bile back mio the blood with
out any evidence of obstruction was what prompted us to use the term

cholangioliuie  thinking of 1t smply 1 2 functional sense—a func
vonal climical sense — the two things combined because these patients
vsually do hive a farrly typical chmcal appearance m addimon to the
laboratory findings

I simply wanted to sav that more or Jess to sct the record straght so
that there would be no question about our having used the term  cho
langiolitic  from a htologic pont of view

Dr Popper vou mught perhaps hhe ro comment further about that

DR Porirr 1 was verv much stimulated by the paper by Dr Watson
and Dr Hoffbauer and we were for many yeans mterested m getting 2
hietle more clanhcation on this question of the alteratton of cholangoles
or ductules

There arc great difficultics for the pathologist Dr Watson clearly
pomred out 1n his paper and re empk | here that morphologtcal!
onc cannot demonstrate a charactenstic lesion n the portal traces of
wathin the Jobular parenchyma mn these cases

e have some possible picces of mformaton to add to what Dr
Watson has sad Furst 1f one studies histologically a large number of such
1nstances and recently this opportunity arose i the many cases of mtra
hepatic cholestasis with little or no Iner cell impairment which follow
thorazine admnsstration one 1s 1mpressed by the frequent absence of
changes 1n the portal tracts m the acute strge the cosinophsli evuda
non and edema of the tracts so charactenstic for the cases with drug
sensitisity 15 transtent and often missed Also withm the lobular paren
chyma only bile stasis 1s noted

After 4 to 6 weeks of jaundice cellutar mfiltration m portal tracts and
around probferated cholingtoles or duccules 1s regulurly seen Ve would
prefer to have 2 clear cut nomenclature Ve have omitted the term
cholanguoles because some have used 1t for bile canaheylt and some
even for the wterlobular bile ducts We propose therefore (and I know
Dr Shetlock agrees) to use the terms bile canalieulus  for the structure
which 1s surrounded by Iner cells  ductule for the small mtralobular
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vet he appeared to recover from it In the last few vears of his hife he had
httle or no trouble with his Iner and he died of an enurely different
i ease

1 mention this just because it 15 2n extreme cise Most of them dont
do this well wnd perhaps this 10 atself ndicates a different etiology 1 am
sure Dr Chalmers would s1v that T think there 15 a very broid spectrum
m this type of ease but we don € scem to be able to mfluence themn one
Wav or another

Dr Nrrer I dont have amthing to contnbute to this type of case
other then the fact that it strihes me that one of the most mportant
things faced with that situation s to once agun sit down and make
quite sure onc has the correct duagnoss Thus there have been many
patients who started out with what loohed like a hepatitss and who fajled
to rccover in the usual ume

1 have scen a number of these cases m army hospitals because they
were so unfortunate as to get jaundiced at the same time that a lot of
other men did they were carned along mdefinitely as having chronic
hepatitis Several such patients had a few gallstones in the common duet

1 think whenever there 1s an undue prolongation of what scess to be
hepatitis a careful search ought to be made for other important causes
T was wondenng of Dr Sherloch would perhaps consider 2 biopsy 1 a
patient of this rype as well a5 other dienostic studies

1 have one other pomt that 1 am not sure 1s important but several
patients of this type (and | know others w ho have encountered them) are
found to have associated conditions that perhaps are not causative but
perhaps at lcast assist 1n the perpetuation of the hepatins 1 am thinking
of such things as 'mebiwsts which often 15 not recogmized because of
marked chimeal activity 1 can recall one or two such pavents who had
an unwwally long course who faled to recover completely and who
were found to have imebas i the stool After treatment with appro
priate agents they seemed to go on and clear up

So 1do think it 15 important to look around for other things that might
be contnibuting to the pieture

Dr Bionvrsor 1 would lhe to commen on Dr Neefes remarks 1
want to say that under these 1 thunk 2n expl \ laparot
om should be avoided

Ve had mans cases of chromic hepatius n the 19305 and i the begin
mng we were not familir with thi disease Several of these patents
were operated on for purelv din nostic ressons and many of them died

after the operation T thiph it s very mmportint 1 these cases to avord
laparotormy
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W hie 1s the treatment for a patent who § to 10 months after an acure
epriode of hepattss has a shightly tender Iver wich a shght elevation of
balirubin and/or siight bremsulphalein retention

Dr Sherloch would vou care to cast the hrst stone

Dr Surrtock I realls havent been myen enouch informauon T would
have thoughe that with 2 sull posttn e br Iphalein test and an d
serum bilirubin level the patient was probably developing a posthepantis
airrhosts 1f he was then 1 would expect one or two other associated chnt
cal features such s the development of a few vascular sprders and
splenomegaly If he had both of those things T would be pretrs confident
that he was developme a posthepanins cirrhosis

What am I going to do about st The answer 15 vers httle T done
know what to do There 15 no particular cure for crerhosis I dont think
I would influence the outcome by putting him to bed | am just gomg to
be moderatehy reassuring and hope that as m mam of nn cases the
arrhosis will subside to an nacene form

The akernatise diagnosss 1s that he just has poutne flocculanion tests
If that 15 s0 he would not have the serum bilirubin and the bromsul
phalein change In the patient wich only positis e flocculation tests T would
anticipate complete recovern [ am afrad I would not be very acme
about this

Dr Crarniers Tthink Ty ould a,ree completels with what Dr Sherlock
has sud aad [ would be inchined to reassure the patient and muself be
cause I cant thmk of ans thing more positine to do

Cratratsy Warson | thoroughly agree with thae T fedd that we are
really very helpless in the face of this sort of sttuanen but it has been
remarhable to me that there are such strihing mdivtdual varntons Cer
tain of these people do mike a very good recovery even after several
1 ears of internuttent low grade recurrences ke thus general 1y pe

I am chinhing of a doctor whom I saw first more than twenty yers
ago He had had whar appeired to be infectious hepanitis 1 a4 nuld ept
desme and hus jaundice persisted for some nme He had low grade hepa
tacellular abnormalts and chen 1pparenthy he got over s¢ Then he had
a recurrence Fventualh he had a biopsy which showed chronic hept
s with defimite arrhosis and fibrosts The cholanmogram was normal

He had at least three prolonged eprodes of low grade icterus with
some mild tenderness of the liver and vet he got over each one after 4
aumber of months Fmallv he was able to return to hus practice and he

died of 2 coronars thrombosts
1 am sure tins disease went at least ro years and perhaps longer and
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progressine discase which to me docs not fir very well with the term
postnecrotic

I reahize 1 am very much m the minonty  beewse apparently most
people like the term  postnecrotic  and 1t has come into wide usage

Dr huskrt Dr Chalmers s statement remunded me of an instance where
we had i our small collection of pauents with whit we called post

hepatitis cirrhosts one ndnidual who we thought was very typical of
the group He was a boy approvimately 15 vears old We followed lnm
for 3 vears with this dagnosis although m retrospect he did not have a
history of a tvpical acute attack of hepatiis Suddenly he deseloped
neurological mamfestations of Walson's discase It 15 just another tiustra

tion of the many putfalls one encounters

Dr Bysrnisor In answer to Dr Chalmerss remachs 1 would lihe to snv
that m Denmark we had 2 fov of pasmecrone cirrhosis durmg, the late
19305 You could exclude alcohohsm in these patients a5 1 cue of
thosis You could evclude malnutriion As a mateer of fact i Denmark
overnutrition 1s much more common and more dangerous At the same
time there was a very hugh incidence of hepants This I think 15 2 good
pomt for the exntence of the posthepantis type of airrhosis

I should hike to add that I think that 1t 15 not without signuificance that
these reports of posthepatitis cirrhosis come largely from countries hke
Switzerland Sweden Norway and Denmark small countries with a very
good and well organized National Health Sersice where follow ups are
eastly done You can find 100 per cent of the cases agan I think that 1
one reason why we have been able to publish so many papers on this
subjeer

Crtarrstan Warsox  That 1s an excellent pornt

Herce 15 another question VW hat are the criterra of recovery to be
used 1 allowng 2 howewife to return to normal duties following
infectious hepauns

Dr Ducer That 1s a tough quesnon 1 thinl you have to judge by the
chimcal aspects of the panent especualh hepatomegaly jaundice clear
ing of the urine and normal bilirubin The usuil nustake 1 to wait for
the flocculanon reactions to become normal Those are absolueely un
related to the eventual recovery of the patent

When bromsulphalein and bilirabin are normal and all clinteal signs
have disappeared 1 think she mav return to actine duty

Ciarviay Warson Would vou allow her o retum if her bromsul
phalem was 1o per cent®
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Dr Surriock May | add one other diagnosis that tends to e canfused
with this partcular sitwanon and that s congenstal by perbilirubinema
Aant yvoung people with this condition get 2 heele nauscated and i} are
noticed o be a bit jaundiced and are diz, nosed as hrwing hepants and
are treared as chromic miahdy for months In fact thes are suffering
from the essentialls beran condienn of congenttal by perbiirubimermia,
but then of course they will have the flocculation rest changes

Dr Cuacaers T am delighted ta see the contenation going n the direc
ton 1t 1s taking because 1t 1s just the effect I was after in emphasing
that 1 am not convinced that viral hepantis can cause cirrhosis The
pendulum has swung too far m one direction Too often we hear the
term posthepantis  cirrhosis apphed ro alt cirrhoties who do not dnnk
alcohol
I think we should preter the terms  postnecrotte or rdiopathic or
nonalcoholic crrrhosts 1 would add another etiology we have encoun
tered Qccasonally patients with V4 tlson s discase sl hive one or many
episndes mdistingusshable from acute or chronic viral hepatitis ending
m a fata) crrhosis with or without neurologrcat signs Yer they hne a
specific metabolic abrormality of thesr hier which cerrainly 1s yn no nay
related to viral hepatins

De Surriock Do you thmk 3y ou ou bt to use the term s trus hepautis ?

Dr Cuarsirrs I think the evidence for the viral enology of acute hepa
tius 15 much more mmpressie than the evidence for viral hepanns as a
cause of urrhows

CHAIRAAN WATson  In order to Jease the questton enurely open I am
quite willing to call these pattents idwpathic 1 dont hihe the term
postnecrotic  for several reasons I thimk pracucally 2ll cirrhotres hue
some necrosss at one trme or other It 15 a matrer of degree how massive
IS

Furthermore the term  postnecrotic  has the great disadvantage m
myv ming ar least of indicating that there was one episode of necrosis m
the past and that it 15 now 2 static condttion just related to the scarnng
which has resulted from this single episode of massiie necrosis acute
atraphy  the same as healed acute atrophy v herezs many of the pa
tients with this picture that 15 penerally called  postnecrotic airrhosis
stare in rather insidiwoush and burtd up slowhy It is often a slow progres
sne relentless disease in our evperience Icsn ¢ at all hke what y ou would
expect 1f there had been ane single episode of severe hepatitss with mas

sng necross and then 2 static condition of postiecrotic scarming It s a
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progressne discase which to me does not fit very well with the term
pu‘[ﬂlCI’DUC

1 realrze 1 am verv much in the mmonty because apparently most
people like the term  postnecrotc  and 1t has come mto wide usage

Dr husirL Dr Chalimers s statement reminded me of an 1nstance where
we had 1 our smill collection of patients with what we called post

hepantis cirrhosis one mdinidual who we thought was sery typscal of
the group He was a boy approumately 15 vears old We followed him
for 3 vears with this dugnosss althouch in retrospect he did not have a
histors of a typical acute attack of hepatittis Suddenly he developed
neurological manfestattons of W ibon s disease It 15 just another illustra

uon of the many pitfalls one encounters

Dr Byemaepor In answer to Dr Chalmers s remarks I would Iike to sn
that 1n Denmark we had a lot of postnecrotic cirrhosis during the late
19405 You could exclude alcoholism 1n these piuents as a cause of ar
thosis You could exclude malnutsition As a matter of fact m Denmark
overnutnition 15 much more common and more dangerous At the same
time there was a very high incidence of hepatess Thus J think 15 a good
pomnt for the exntence of the posthepatitss ty pe of cirrhosis

I'should like to add that I think that 1t 1 not without signtficance that
these reports of posthepatttis cirrhosis come largely from countrres It e
Swizerland Sweden Norway and Denmarl  small countries with a vers
goad and well organized Nanonal Health Service where follow ups are
easilv done You can find too per cent of the cases agan I thinh that 15

one reason why we have been able to publish so mamy papers on thrs
subject

Cramvay Watson That 1s an excellent pomt
Here 1s another question  What are the critena of recotery to be

used 1 allowing a housewife to return to normal duues following
mfectious hepatiis

Dr Drcer That 1s a tough question T think vou have to judge by the
chnical aspects of the pactent especialls hepatomegaly jaundice clear
g of the unne and normal bilirubin The usual mistake 15 to wart for
the flocculation reactions to become normal Those are absolutely un
related 1o the ex entual recovery of the pattent

When bromsulphalem and bilirubin are normal and afl climeal signs
have disappeared 1 think she may return o active duts

Chamvias Watson Would you allow her to return if her bromsul
phalein was 10 per cent?
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Dr Ducer It depends on the dosage used
Cramsras Wamon Sav 5 mg per hilogram
Dr Ducer Iwould We jave a 14 per cent upper limut of normal

Dr Snurreoch T agree fully with Dr Duce that one should not wait
for flocculanion tests

Crrairniay Watson Do you melude the cephalm flocculation test too?
Dr Surrroch Yes
Cragsias Warson You dont worry abour 3 plus or ¢ plus®

Dr Surrrock No I ehink a lot of people are made mnto chronic msalds
by havmng weekly flocculion tests done when they are apparenth
recosening quite notmally from virus hepatitis

Crararaxy WarsoN I am a Iitle more conservative about the cephalin
floccnlation test If a person has 3 plus T would be inchined to warch um
for a while before I made a final decision 1n the matter 1 fully agree with
respect to the thymol rurbidiev which T dunk 1s much more mwfluenced
by immune mechanisms than by Jrver cell mpuny bue 1 would nor be
too happy about allowing full acenaey if the Hanger rest were snlt
3 plus or 4 plus

Dr Duccr 1 would Lke o add 2 word about the problem 1 fully agree
with what has been sard before about the dagnusis of chrome hepatitis
1 think this dragnosss has to be made with great covtion I have seen so
smany cases nusdiagna ed as chrente hepatitis with nonhemoh tie jaundice
or common duct stones hy perbulrubinerua and many other things

The onh tlung I dnagree with 1s the mfluence of rest I have seen
several pattents who several months after an acute artack of hepatitrs
have a shightls enlarged spleen 2 mild by perbabirubmenna who were put
to bed for some time and who completels recovered 1 think we have
to test at least the inference of rest on these patients

Cramriax Warson I wane co 2dd a word abaut chis mateer of rest be
cause Dr Chalmers discussed the carefut studs carned out m hvvoto
Japan which 1 was much interested

1 gl those findings arc eatrely vabid and the conclustons are right
but ] don t beheve thus can be translated directly to allow mng an mdis duat
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to retun to 3 full day s work wath Al the stress that may be entatled
I tunk thi s an entirehy diferent thing from situng at the bedude
Saling around gs Dr Chalmers sad playing poker and domg things
e thar

I think some people may actually nuslend the doctor perhaps sub
comcton v They are vers conscienious and want to get back to thar
act uties 1 have had the experience a number of tmes of having patients
ndicate to me that they felt perfectls well when 1 hnew that they had
consid rabe ressduat fnn er disease w fuch was sl much toa active for them
o return to a full day s work

thik we must differentiate berw een persutnng them to return to

there full actary and ad b actnaty under careful superusion | doubt
‘en much wherher stricr bed rest 15 essential T am not suee at all that
Pout ot 15 impoctant but § do believe we must think about this matter
of stress 1t seems to me that we must try to get these patients to avord
mental stresy and faugue If they beeome faugued then I think they are
lhely to get 1nto trouble

Twould like to ash. if anvone disagrees wath that pomt of view 1 would
Te to heat any other comments abious 1t and to know hether there 1
Unamnuty on the part of the panel This 1s a very aimportant pracuical
question

Here 15 2 question addressed to Tr Sherlock  We recenthy gue a
chromic crerhouc 10 Gm of methiomine intrasenousty and within several
ours the patient Wwas in deep coma tor the first time VW hat 15 the mech
2nsm of achon of methyonine m this stance®

D Surrtock Dr Warson 1 think s ou were one of the first people to
descnbe methionine 2« being tovic to patients with hver disea e In 1947
Ibeheve you mentioned a patient who went into coma after being ginven
methionne

CHARMAN Wit ox 1 am afrmd T didn t know 1t was more than a casual
refationship

Dr Surriorn Thss s a very real association 1n a small proportion ot
Patients with Iver disease The question her< concerns ntrayenous
methionine Qur expenience was that this was relamels innocuous Ve
83v¢ a mumber of patients who had cirrhoss oral metionine m a dose
of © Gm a dav and wualh by about the third dav some would
detenorate mentally and show sipns of impending coma Then we re
Eeated thi in 5 of those patients who deceriorated with oral metfuonine
using 6 G of mntravenous methiomne In 3 of them notlung happened

the fifth showed some deteriaration about 4 hours after we stopped the
methionine
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Our feeling was thar the methionme was tovic but onls 1n the mtestine
I am a lirtle surprised that thrs response was so clear cut with the mtra
venous route

Incidentallh with oral our patients went mnto coma withour
any change m the blood 2mmonta level This hss been confirmed by some
French vworlers and adds evdence ta the pomte I would ke to make
that we ought not be satisfied entirels with the ammonia tovainy theor
of hepatic coma but that there must be other means by which hepatc
coma can be produced Certainly the methiomne tovicts seems unrelated
to ammonua

Csiatraeas Warson Does anvone on the panel feel that methionme has
am\ place now in the therapy of Iner disease  Since there 15 no response
I guess the answer 1s \o

In the previous panel discussion a question arose as to the occurrence
of mfectious hepantis viral heparts or at least inflammatony hepatns
1n patents with pre exsting cirrhosss — alcoholic eirthosts I hnow Dr
Popper 15 mterested m this and Dr Bochus ashed him to comment but he
was out at the time He has some interesting information that b will ash
him to gne to us now

Dr Porper 1 am afraid 1 hase no mformation Dr Watson This s a
pomt that confuses me very much Ve all know that m a patient with cie
rhosis of nutnitional and other ty pes acute eptsodes of jaundice deselop
characterized by laboratory evidence of hepatocellular damage and meor
phologic evidence of hiver cell mpuny  In some mnstances this takes the
character of the so called hyaline or \allors bodies produced by coagula
tion necrosis primarih in the nutrittonal 1 pe of cirrhosis

In all these instances of acute hepatocellular injury  morphologseal and
clmical 1n a patient with estabhshed cirrhosis the questron arises whether
thus represents an eprsode of hepatitrs specificath of 2 viml type grafted
upon a pre exwstmng cirrhosis

1 was inzerested mn looking for some morphologtc evidence for the as
sumption of an episode of viral hepatius in a panent wath nutrmonal
crrhosis and fatty metamorphosts 1 hase never seen a case of this type
of crrrhosts with the well known morphologic signs of wviral hepatns
1 have ashed mam of mv friends to show mre such a case but so far L have
not been successful Howeser I am aware that as long as we cannor
demonstrate the virus we can never be sure of the diagnosis of viral
hepanitts

1 can think of two possibilittes to enplam the absence of morphologre
changes of viral hepatisis tn nutritomal cirrhosis with farey merantorphosts
QOne 1 that the pre-eusting morphologic changes mmav obscure the charac
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terntic features of viral hepatins Dr \Watson just took exception to the
term postnecrotic cirrho 15 1 fully agree with lum that necrosis occurs
1 2lmost every type of cirthoss I once suggested the term postcollapse
cirthosis hecause the really basic feature 1s the massive collapse But in
Lieu of a better name availible at this ime I refer to postnecrotic cicrhosis
and tm ths form 1 have seen 1 several instances mn the areas outside of
collapse the characterntic morpholagic features of viral hepatitis despite
the presence of csrrhosis 1 observed the acidophihic bodies ( Councilman
bodies ) acute stngle cell necrosts with accumulation of 1y mphocy tes and
other mononuclear cells as well as ipochrome prgment So [ am a hittle
doubtful as to whether in other types of cirrhosis bke the fatty one
these features can be cured

The second possibilies 1s that 2 patient with pre exising nutnitional
airrhosss 1s 1 2 way protected from viral hepatitis This 1s of course very
fantastic and T am 1n no way willing to assume 1t I am agmn asking my
friends for specimens of a nutrional cirrhosis 1 which y ou can demon
strate the classic morphologic prcture of viral hepauts

Dz Cuavsirrs I hate to sav this but if one beleves that viral hepatins
causes cirrhosis then one would naturally expect that the pauent with
cirrhosis 1s immune because of his previous exposure

Crarviay Watsov He nught be tmmune on many other bases I think
I bave scen two erses but I cant prove it hustologically because I haten ¢
studied 1t 1n this way  Trom a purely chmical pomnt of view I think I have
seen two mstances 1 which an individual who was an alcoholie and who
had a rather stanic so cilled alcoholc cirrhosts developed an acute attacl

of jaundice without acute aleoholism and had features very strongh sug

gestine of infectious hepants and then recovered I fully realtze that 1s
by no means conelusive evidence

Dr Posprr There 1s of course in the cirrhosis enough functional fea
tures present which make it possible to produce hver cell breakdown Ve
may getn to the airrhosis hner cell breakdown and hepatits 1f v ou want

to call it that very frequently but morphologically I cannot call 1t viral
hepatitis

Dr Drcer 1 thiok that to discuss this potnt we have to be vers precise
[f we call hepatiis any inflammaroen reaction most cases of cirrhosis haye
1t Usually the chimeal problem on the ward for the residents 1s that of a
patient with alcoholic cirrhosis and an epnode of jaundice they always

ash Isthisa case of hepatiuis on top of cirrhosis of 1s 1t an 1ctenc epnade
of the cirrhanc condition®
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QOur feeling was thar the methsonme was toxe but only m the mrestine
I am a hitrle surprised that this response was so clear cut with the mtra
Venous foute

Incidentally with oral methionine our patrents went mto corma witheut
amy change m the blood ammonia level This has been confirmed by some
French workers and adds evidence to the point T would hike to make
that we ought not be satnfied entirely with the smmonia toxicis theory
of hepattc coma but that there must be other means by which hepatic
coma can bie produced Certaialy the methionine touity scems uarelated
to ammonia

Ciramaiay Warson Does anvone on the pancl feel that methionine has
amy place now in the therapy of Iver discase Since there 1s no response
1 guess the answer 5 No

In the previous panel dicussion a question arose as to the occurrence
of nfectious hepatts viral hepatis or at lease mflammators hepatits
in patrents wath pre exsting cirrhosts ~ alechohc cirrhosis 1 know Dr
Popper 1s interested i this and Dr Bochus asked hum to comment bue he
was out at the time He has some interesting nformation thae T will ash
him to gire to us now

Dr Porerr I am afrad 1 hase no raformation Dr Warson Thrs 1s 2
pomt that confuses me serv much V3 e all know that m 2 patient with air
rhous of nutritronal and other kvpes acute episodes of )Jaundice develop
charactenized by laboratony evidence of hepatoceliutar damage and mor
phologic evidence of Irer cell imjury  In some sstances this tabes the
character of the so called hvahne or Mallors bodies produced by coagula
ton necross primanly m the nutrimonal ty pe of cirrhosis

T all these instances of acute hep Tlular mngurs  morph ) and
chiaucal tn a pavent with established cirrhosts the question arsses wbether
this represents an epusede of hepatrus specifically of 2 viral nype grafred
upon 2 pre exisung orrhoss®

1 was mterested 0 loohing for some morphologic evidence for the as
sumption of an epsode of viral hepatiis 1 a panent with nutnitonal
cierhosts and fatty metamorphosts 1 have never seen a case of this npe
of cierhosis with the well known morpholoic signs of viral hepanns
1 have ashed many of my friends to show me such a case butso far I have
not been successtul However 1 am aware that as long as we cannot
demonstrate the s we can never be sure of the dugnoss of viral

1

hepastis
T can think of two possibilities to explain the bsence of morphologic

changes of viral hepatitis in nutrettonal cirthosis wath fatts metamorphosis
One 1s that the pre exisung morphologic changes may obscure the chirac
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In none of these cases of aleoholte arrhosis with jaundice have we
found the chemical features of acute hepatins The enzymes are normal
or only very shahtly clevated Thy mol turindiey s shghtly increased and
n most cases thy mol flocculation 1s negatne We dont find the featurcs
that we find in acute hepautrs So we think jaundice n arrhotics can
eust without supenimposed hepatitis and of course 1t 15 usually a very bad
prognostic sign

Cramaray Wamson 1 quite agree It 1s usually due to the underhving
disease Of course m many of these aleoholies it 15 due to an added bour
of acute alcoholism which produces 2 much more severe jaundice and 1s
very dangerous

Before we adjourn 1t 15 my plessant privilege to be the spohesman for
all the members of this conference evervone who has been here m
thanhing the Henry Ford Hospatal for a very fine acciston [ do want to
express our gratieude o the Board of Trustees ca the staff of che Henry
Ford Hospital and to the Arrangements Committee
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