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INTUO DUCT I ON

V i i-a l hepati t.i s rc m-~i us an impor tin~t health pro bl em to personnel of
military age . Conserv a t ive est imates indicate that there are al least
30 ,000 cases of p’ st t ransfus ion he pat i t is  each year as well as an addit ional
large number of cases of hepat i t is relating to routes of irior.ulction ot her
than blood transfusions. Moreover , morbidity reports document at least
3 ,000 deaths per year from vira l hepatit is and recent ddta su~gests thatapprox i?r:~tely 10 to I4~ of pat ients who have hepatitis B and 20 to 402~ of
pat ic nts who develop non A non B hepatit is w i l l  develop chronic l iver disedse
and,of these , a major proportion eveetua lly deve lop cirrhosis w i th  earl y
death. Furthermore , the morbidity f rom ep isodes of acute hr-~pat i t is  ~~ La f l q

mi ii tary personnel is especial ly  si grii fi cant . Many of our larcjost epi (!~Hics
of vira l hepatit is have occ i’ rrei in Naval instal lations. For exa m ple , an
out lrea lz of hepat i t is A at the Sari Diego Naval Base in 1976 resul ted in the
exposure of 2 ,000 recruits and cl inical i l lness in approximately 200 enl isted
men . Similar episodes have been described at other Naval bases in previous
years .

Only in recent years have signific ant advances been mad c in understandi ng
the patho genesis of viral hepatitis. The development of sensitive ne~.i ~c~-o~logic techniques has now allowed us to differentiate amongst the forms of
viral hepatitis and this in turn has made It possibl e to consider the develop-
ment of methods of prophylaxis such as specific viral vaccines. In order to
prevent hepatitis by vaccine or gamma globul in , basic research must be
accomplished to understand the steps leading to viral replication which in
turn result in disease. Only through this understanding will it be poss ibl e
to simcccssfu lly cultivate the viruses of hepatitis A , hepatitis B , and non A
non B hepatitis. The program esta blished by the Office of Naval Res6arch at
the University of California at Los Angel es has been designed to proceed in a
stepeise fashion to unravel  the compl ex interactions that lead to the multi-
plication of hepatitis viruses in human cells. It is our hope that this
approach will eventually enabl e us to develop techniques for the successful
propagation of these viruses and the development of effective vaccines or
other means of prophylaxis.

~1ETHODS

1. Sources of Potentially Infectious Virus

Our previous reports have documented an approach to the identification
of inocula likely to contain hepatitis virus. We have obtained stool speci-
mens from patients in the acute phase of hepatitis A. El ectron-microscopic
studi (s have documented that these specimens contain vira l particles . Serum
specimens were obtained from patients with acute hepatitis B who had been
prospectively followed after blood transfusions . Electron-microscopic studies
demonstrated the prcsence of whole virus pa rticles in these serum specimens .
The development of materials likely to contain non A non B hepatitis virus
required a more difficul t undertaking. In order to identify plasma likely to
be rich in non A non 13 hepatitis virus it was necessary to prospectively 

~follow patients after blood transfusion. Fortunately, previous serologic astudies had indicated that those patients who received blood units rich in 
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carc i rsocmb ryonic anti gen ( CEA) whi c h also had e lCV dtcd serum gl utamic py
ruvic tra nsam inase ( ~~P1 ) 1 ~vel ‘; ~. re like ly t( eve ; Li;al ly develop win I,
non ~ he pa L it i s .  Us i mm q th i s  inicu~~ t i r n  ~u cIi r l t i e ! t.s ~‘iei~’ i dent i f ied  ~~~s r
ret rospccl. ivcly eva l uat i mig a l  I ~uu L of ~ hi ot ’d units they recci ~‘ed. Th ese
pat i e nts we re pros~a c t i v ( Iy t~ l l ’ ’. ; J cn d piasi: . wa~ obt ained h~ fore , du ’in q
and a iter the devc lo; ’~ st of p.)StL ’en , ~t m s inn nan A nun B ‘iepatiti s . itil —
i zi n the techn r~i~~~ of a f Ii ni Ly iJ roi~at i~qr~ ~hy and ul t r a c c r t r i  f ugati on the
potentia l ly infe ct i ous r ’ ter i~.l s ~- ‘ re pd i t  id I ly pun fi ed a nd concentr ated
and su 5~equer tly I nocul a e h  i rlto expe r iniental t issue cul turn 1 1 nes

2. Preparation o_f S e  Ciil ture S~- eIl ,s

Mepatocyte cul t u t c s  w ’re e~-ta51 i shr~1 US i f l9 t ec h i t ~aes prev iously devel-
oped in this contract proqr~s~. Cloned hei. ~tocy tes wel e maintained in mor: ’l eyer
cul ture us i n:j a growth iv-di em co ns sting of L~i d J  1 ~~0 me (~i t ’ ;~ for t i f ied with
2Or ’ fetal calf  serum , 600 mg/ L bacto neptone . 300 mg/ L of L-- qi m.itar~irr and
136 mU/L of cry s tall inc in~ ul i n . Cul tur es w~ro grown in a CO 2 incubator at
37oC . Once thc monolayer was ma intained the j rc~, :th me d i um wa~ ch a n ge d  to a
maintenance cdia and the fetal cal 1 serum was reduced to 2~ .

Mono layer cultures of small bowel cel ls were prepared using the techn iques
descr ibed above . The sane growth and maintenance media were employed as wer -e
the techniques for t i ss ue culture developme nt ,

3. Inoculation

Inocu la were diluted 1:4 in growth media and 0.3 ml of inoculum was used
in each tube or flask. Pel le ted , v irus- l ike material which v.ns derived by
affinitiy chro matography and subsequent ultracent rifugation l/d S resuspend e d in ,
and dialyzed in , three changes of normal salin e . 0.3 ml of each inio cul uum was
therm pl~’c r~d in six t issue culture t ubes or f lasks.  Control material consisted
of sera prepared in a sir im ilar manner using the ~arne techniques but obtained
from race , age , and sex matched patients who did not have hepat i t is. For the
hepatitis A studies stool specimens which had been partially pun -lied were
utilized from similar matched controls.

RESULT S

Initial studies confirmed the presence of virus -like particles in the
hepatitis A and hepatitis B inocula. These particles have a configur ation
and appearance previously documented for hepatitis A and hepatitis B viruses .
Furthermore , specific antibody directed against these agents produced aggl mitin-
ation of virus particles when examined under the elcctron-microsco~ie. Liectrori-
microscopic studies of the non A non B preparations did not reveal particles
thought to represent viruses . Others have also failed to demonstrate el ectron-
microscopic evidence of virus particles in sera obtained from non A non B
patients even though such sera had been shown to produce hep atitis. h owe—
ever , because of the question of the infectivity of this ma~ rial we also
utiliz ed plasma obtained from bl ood units which later were shown to cause
hepatitis in the recip ients of those units. Thus , in the o n g o i n g  study des—

• crihed In previous reports we had frozen away aliquots of blood units trans-
fused to our patients . When such patients then developed non A non B hepa-
titis we were abl e not only to obtain specimens from the he pati ti s pat i ents
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l e t  al~ i to ~ Iii k iuta our fre iere and reiseve ili~1uat ’ ; of  the  blood unit 

~which - 
~~~ I iy L . l  IIC)n i\ 11011 !~ h~~ il 1 Li S. hhc’se all qno 1. w e e  C X ~~ !i n e t

under L i e  ch- L trim i . ier i r~copc am id a lso f a i led to s li m ev Id emr - e cr v i ru ;—l i
pe rL i  1 i r - . less , sin re- mu H i m  th a t  t i e 7 had r stml t e d in hii p i t t itV .
in  t he i r  m • i~~~~t d s  h e y  ~ -rc u sed for  t i s su e  nil t.ure ino cu latio n . ~i ic c
mian y of i n~ re’ . i p m n t s  receiv ed thr ee to f ive blood ini  is it ofit i w a s
n c c cmi rv to in o cu la t e  tissue culture m ’ iU liqur~ts ( f un its in ~-d ,ic ) we
were ne. er~~~ a in ~ . . Ii unmit actua l ly  produced non A non i~ t epati ti s h~t in
wh ich re d i 110w th at at least. one of the i rme cul ated units must have pro—
c!uced the d ise~sc .

Thus far , none ci f the i nocul a ha’!e resul ted in th e  dov el C im at of cyto-
put i c ch rinc in t ho t i ssime cul ti~re sys tc~ s studied . h1 ~. . ev~r , i T h n  a mm I ni ter—
ference es s ay  i~ ese d , si m il a r to that used for t h e  da LO Lt ien  of rubell a
virus , cv deuce of an interfe H ng agent ha ;  son uti miu s been ii :ii :ari i.r,d ii
th os e cul t,~ re sys t r : e inocule cd with material corital fling hep atitis P. viru s
Tes t 119 the ability of s pec i f ic ant i  body to inhibi t this inLe ri ceer ce  has thus
f a r  f a i l e d  to confi r;n that an interfering vi ral agent h a ; been cultivated.
l; ilWev(-r 

* the d i e  is s eq q s s t i  ye that this may be occur ri ag. b ier Ierericc
tests mt ea appl ied to the hepat i t i s  B inoculated matc H al or id non 1 non B
I rr ui j Led mat erial have not rcr ; ul  ted in evidence of v i ral rep] i iet iou .

rilsc uss loh
Sci cn ti c i s have strugg led for four decades in an attempt to cul t ivate

the hepat itis virus. Cl early this is not , and w i l l  not be , an eie~y t a sk .
However , if c ~- 1cc - Li ye vaccin es arc’ to be developed it is likely that the
bc -st vaccine will conic only if virus is succ essful ly  c u l t ive ed in tissue
cul ture r ysteins . To accomplish this , sci oriti sts must understand the uni qua
asncc ts of these urnisual viruses. The fi rst step in understanding the iritr
ac tion betwee n virus and host cell must he in nssc :ssi ng the ab ility of vi ruses
to es ta b l ish  infec t ion  in various t issue culture sys l .ens . Thus , this program
w as dcsi gn rd to meticulously deve lop severa l t issue culture syst em s l ikely lo
support hepati t is viruses and then to assess the steps in viral inj ect ion
inc ludir q att ach n va t , entrance into t he cel l, repl ication of v i ra l nuc le o—
protein and eventually immune cytolysis of the ce ll system if such is to
develop. To accomp l i s h  t h i s , we have successful ly developed unique t issue
cul ture systems and have reproducibl y shown that these cell l ines can he
ma inta ined not only for s hort periods of time but also for long (He inter-
val s .  Recently, we have developed materia ls l ikely to be highly infectious
and prove n to have caused hepati t is in human recipients . Our cu r re nt studi es
ar ~ ai,-iud at uti l izing these u n i q u e  reagents in assessing the m ec hanis ms by
which he pat i t is  viruses may repl icate in human cel ls.

FUTURE PLANS

Based on current data , one step in und erst andin q the abili ty of hepatitis
virus to infec.L hum an cells may h e in the development of appropriate inter-
fering assays in the sea rch for interferon -like substances which m y  be - 

-

produced by hepatiti s viru ses. A major insi ght into the mechani sms of virus —
cel l interaction may result. In addition , in order to assay non A non ~he pa t i t i s v i ru s , future stud ies must concentrate on the development of a
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serol o~i c as nay sys teal . Future studies si - e l ii be c i - it at devü I ~ ~ in ~ a
sensitive rad ioii~n in ui say t m  (~~~~y i i t L i h O i l i s d y for Lii : in v i  i detra ction
o f  110! A non B biepat it is virus .
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hhepe t it is V irus Hepat i t is  V acc i re
hlepe Li I is B hnti gon hon A Nor B hbopat it iS
T i c - i n Cul ture a
Cu l t i v a t i ur of hep a t i t i s  Virus -

He~.itncyte Cul res _ — . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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V i r~ 1 hepal.i ti s i a an ill nra- ; ’ ;  of i nereas ny importance to ~~ ( r:nns of
mi 1 i ta -y u q i ’ . Al thouç h ’ ; r t  it is A is rul. assoc ia ted  wi th ( broil it l iver
disease IL is a s a o c i a t n d  ‘,i i th ii: !ort lr .L. ;ioi t id i t y . H- ra t i t i s  Ii leads to
chronic liver di sea s in 10 to 1 4~ of pM.i enis while mio mi A inn f~ h epat i t is
producrs che ni~ l ive1 - dinna r ii 20 to 40~ of pat ients .  Because of tlm :,~
i p i rt i n t  ~~‘ 1u ; lae  of v i r a l  Ii ~pit i  t i n  it is important titit ei ia~’i’. ha un ier
t i  he r  to i r , d rars ta nd the inti- i- ar L ion s  between the v i ru s and h uman hio~ L cel ls .
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