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NON A, NON-h VIRAL I-IL1'AT I"hIS 

Paul 1`. llollallcl, M.D.,'I' (toll lints •yJ. A1(r'r, A'I.U. 

Non-A, Iinn-B hcp:uitis is :t ri sk hoot 11 iicrl (I iseasi: entity' . )\Ilhuugh inici.Ill) dc.suihctl 

as a Ir;tnsfIIsiOlr related viral iIIfcctioII. the disease can uncut in st:nrarl ic, endemic, and 

C.pidenlic settiitc s. 'I here arc r.0 cnnfi:recd, reproducible serologic tests for assc)ciated 

antigens or antibodies. not clecnon nlirn rwnpr Iris rcyualid virus-like p:trtit.1cs of clifferunt 

sues. Nonspccilic Iabotaior\' tests of Ilcl):uic cly (uuctiun, csl)ccially al;u)i c antinuu'ansfcrasc, 

me currently utilized to diagnose non -A, non-B Ilcl)atitis Inc I)aticnts and may be used to 

plicatc blood dritor carriers of this Virus- 7•hc cxistcncc of an iufcctious non-A, Wort -B 

hcp;ctitis agent and proof of a chronic carrier state in humans have been documented by 

tr;nlsntissiun studies in chimpanzees. Cross challenge studies in chinnpan>ecs, as Well as some 

epideuticclogic data, suggest that more than one agent causes non-A, nun-B hepatitis. 1-t urn 

Pathol 12:1114-1122, 1981. 

For years vii at hepatitis was considered Co be 

caused primarily by one of two hepatotropic viruses, 

either virus A (infectious hepatitis) or virus B (scrum 

hepat tis).' On occasion infections with the Epstein-

Barr virus (infect ious mononucleosis) and the 

cytomegalovirtis also result in hepatic inflamma-

tion.='' Now. however, Studies of transfusion as-

sociated Yir l hepat itis and the identification of 

antigens and antibodies specifically related to Viral 

hepatitis apes A and B have made possible the rcc-
cgnitinn of a third major cause of human viral 

hepatitis."" Ibis entity, diagnosed by serologic ex-

clusion, has been tentatively designated nun-A, non-B 

he pr I I is 
in t'.ie ill, lire of I cprutluc-iblC set oingrc markers 

for evidence of nun-A, nun-B infections. the terni 

"volt -A, ne)n-B hepatitis" has been used in preference 

to a :note tichrcntise designation, e.g., hepatitis C. The 

term non -A, nor.-B hepatitis does nut limit the etiol-

ogv of this disease to a single agent; in fact, there-is 
air eady Cs clence of the existence of mote than one 

type of non -A, nun-1; hepatitis." As specific tests be-

came available for identifying infection with, or irlt-
tnutaitY to, non-A, non-B hepatitis viruses, more tie i-

tl ite hoots can be applied to each etiologic agent. 

"Finis review ;u tent pts to summarize the current 

slue of our undcrst;utding of non-A, non-B hepatitis. 

It curet s prima ray the clinical and epidentiologic as-

pects of this dcse.nsc, but also stitninarizcs the status of 
tctc:i:ly lel'01tcif [csts lit• nun-:\, non-11 hepatitis 

. .00, fated anti tcns and antibodies. Finally, it analyzes 

av:tll;ible irneans for decreasing the occurrence of this 

disease as a tranrsl'usion transmitted Viral illness. 

Accepted for pubticatiun July 20, I981. 

EPIDEMIOLOGY OF NON-A, NON-B 
HEPATITIS 

Transfusion of,Blood Products 

"1•ransiu
/,

  tc i transmitted'\ ll:hl ItiPauus htcr been 

presumed to be due priintarily' 1.0 the he~atitis'B 

virrls.' However; the incub:uioy( periods in transfu-

sion Ircl iitis cases <)ggestcflj that morn than one 

virus ought be involved. 1hc exlurctetl unhm dal 

curve' fr ,incubat )li pcCK)cls was not obscrncrl; in-

stead a Krciaci-s~i cued curve Inure 1kely clue to tr-ulti-

pie virus agents was ncn{tcd. \\'ilhtfut specific viroiogic 

markers, the possibility oh' omit ~lc'di ioingic agents of 

tr:nnsfucion hcp:nitis runla tlu' l si:crulalicc. 
'Illy discoycry of the :\usual,, ,Alger aural its 

subsequent association with viral lul)ai itis n'pe B re-

vealed that a ncinoriLV Of the cases Of hepatitis related 

u) (railsfusious was caused by the hepatitis 13 virus.7•10 • 

' iris was true even before wick-prcant sereenitg of 

blood donors for sn hat c'arrie to be called the hepatitis 

li surface antigen (IiBs:\g). -line .!pphcation Of sensi-

tive assays furserulrgic markers related to Irc1ncst tis B 

virus—l1BsAg. as well as antihc)ac to IiBsAg (anti-

Ills) :utd autibodv to the hepatitis B core antigen 

(anti-I113c), shuwrcti th,u ook _':) to 31) per cent of the 

patients with transfusion ass, crud hepatitis had ill-

iee'liolls ti tre to this agent.1 ' \',• Irh the advent of . 

hilisAg ccret•ning of all ltlnol! I I:u:; rs:utd t'ccctinn of 

Ihose pc m itts I nrthisautig in, the ill(Ael tee it fuYcre 11 

hepatitis fell still further." I lcp.t(itis B sinus now ac-

cotcnts for less than Ii) pct cc: c of lire cases Of tracts-

Iusion related hepatitis." 

• C lini: al :\ssut ialc I'c-ofcssut' of \l'dirinc, Gon;4c N';Ishint!nnt L:I:itct sit ,  S, h++.+! nI \!, IN, hue :re ! Ile ..ith ti t lent 's. 

(Lail .d 5",n,I:6c Professor n( I'ath ln(y. GeurCe C 's n I 'nicer sin Slhnn! u( Vrduiue, \Cas!IinItua, I).t: I;iIr. I r. tti n1,l 

hank l)cpa:tor cut, Clinical Center, National Institute, of Health. IScthcsdit, Miiiylancl. 

Clini•al Assicnnlc• I'tnlissur of \lydirine, Gcnr e•uIa•n U,ciscrthe Se hoot u( \tc,Sn nr :, 15'a.hntotiin, !)(:. ChIef. I n-

mu:wing. SlOiwi. L'loutl Bank Departnicut, C!inital Center, National l ist/turn's of Hearth, licthr'da, Slat••:and. 
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Tyl,c ,\ sii;ii Lc•l,,~riti5 is usually transmitted Icy 
the Iccal-or;ul runic ill cpitlenlic situations.' it is 
likely to be transmit ted hr ;i blood transfusion, lie-
cause a chronic asynipu,ntatic carrier state lot- 
ItCp:ititis A s-irus has not been documented. Nonc'thc-
less the discovery of iii anti urn and antibody related 
to hepatitis A virus infections perniittcd a more cic-
tailed cs-aluation of non-IS •, ir;tl Iicp;tit is caused in-
t:aasfusionsand rCvcaied that virtually no cases wire 
due to hepatitis A s•irus.5'5 Only on rare occasions has 
hepatitis A virus !teen lransiniticcl by transfusion, 
presinn;tbly by blood donors during the incubation 
period of hepatitis A virus infection." 

.!odes of Sprcad of Non-A, A'on-B Hepatitis 

Blood transfusion was the first recognized mode 
of spread of non-A, nun-li hepatitis and remains a 
major means of viral di.ssenlination at the present 
time. However, because most carriers of non-A, 
non-B hepatitis have not themselves been transfused, 
other means must exist for the acquisition of this 
disease. The lack of hepatitis A and 13 viral markers in 
iiany patients with viral hepatitis unrelated to blood 
transfusion also suggests t!tat non-A, ,non-B hepatitis 
can be acquired without needle-stick exposure. 

• Non-A, non -13 Itcpatitis can occur in sporadic, 
endemic, and even epidemic situations. From 13 to 25 
per cent of the cases of sporadic hepatitis that are 
sufficiently sesrre to cause patients to seek medical 
attention arc due to nnn-A, non-B hepatitis virus. " • 16
The mode of spread is frequently unknown in such 
petit tits, although sonic ntay be clue to sharing of 

• cuntantinated needles by intravenous drug users.15•16
The epidemiology of not;-:\, rent -!S hepatitis clues not 
suggest fcca!-oral tans',nission. For example, there is 

• infrequent spread of non-A, mints-B hepatitis to fancily 
or other close coni;,cis,"•'F anti except for some rare 
instances, to be noted, dtete at -i' no co t 11111oll 5U tl1Y'C 
epidentics.1°t0 accidental needlcsticks with minute 
quantities of blood dose resulted in u'ansntission of 
non-A, non-B hepatitis to health care workers,='•=' but 
common exposure to fontitcs, e.g., CI'R mannikins 
used by individuals incubat ing ton -A, non -B 
hepatitis, loos not.=' 'i'hc tn:::imal int ;f;unilial spread 

nnnr1 nun-B hepatitis that has been obscrvcd ntay 
due to inapparent p;ircnieral transmission, e.g., 

shared razors or toothbrushes. or to sexual transinis-
,iun. since spouses appear to be at somewhat higher 
risk.15 Overall, the transmission of not-A, non-B 
hepatitis appears sinciltu- so that of tlic type B hepatitis 
sinus and generally dissimilar to that of hepatitis A 
virus, at least in the Unite•tl States, f loweyer, in the 
absence of serohgic mat ker s, precise transmission 
patterns cannot be defined. 

Heretofore, all epidcinics of viral hepatitis have 
been presumed to be due-sn'e!v to hepatitis A. When 
set ologie studies were pct I u nerd, antibody responses 
to hepatitis A virus have been detected in epidemics 
of viral Ilepatitis."' Recent- studies froin India, how-
ever, implicate nun-A, tint:-B !tcpatitis as a cause of 

;\W\'-A. NO:-;-lf \'l RL!L I I;_I':'.I i I'IS—i !;,c : s•: u, ;'.t.r i r: 

sortie: cl,icleoo,'.s of siral hepatus-'''•'t ;n three pt'c-
suntably cs';ttcr borne, common 55)552 se epidencics of 
viral hepatitis, there is-its no Cs deuce of hepatitis A 
and little evidence of hep;ll ins B iii lce•tion. - 1 l ie clini-
al picnnc o!' ;tcntc viral hepatit is ''- tic typical for type 

A disease exc'e'pt that :1 few patients died with f';:l-
ntin:ant Lcpatic lailurc.'D \Then liser biopsies were 
perlin'nicd in indivielu;ils ssith ;:cute epide:nir nnn-.\, 
non-Ii hepatitis, an unusual 1 tel - ti l , :ts noted; ni;rrn• 
had chnlcsiatic f';,cures ss- ill) " glandli,"" tr;oicfo ii r ,i-
t iun of hcp;itocytcs.=' Anutficr tonosn.il fc:uorc of 
epidemic non-A, non-B hepatitis is that elnnnic liver 
disease was virtually absent as a scgncla.'" 'I-Itis is in 
marked contrast to the high frequency of chronicity 
noted after transfusion aciluircd non-A, non-B 
hepatitis (sec p. Ill S). Ilenecfnrth, epidemics of 
hepatitis will have to be evaluated for evidence of-
hcpatitis A virus exposure before being presunied to 
be due to this virus, 

DIAGNOSIS OF NON-A;
NON-B HEPATITIS 

Most of nut• infin•utation about (lie clinical aspects 
of nnn-A, non-B hepatitis bas been derised front 
studies of tratsfusion t'ansntitted disease. With 
transfusions, the precise tints (,f expusillC to nnn-A, 
non-B disease could be readily idc•ntificcl; in addition, 
many transfused patients were full„well pt uspe .iiscly 
with frcgtient laboratory ex;l i ivations to dace:t evi-
dence of hepatic dvslluictioti. In the n-;nisfusion set-
ting it has been Shown that the incubation period 
of non-A, non-B disease can be as .churl as lis t 
weeks and as long as 2(3; busscccr, the ni;ijnt its of 
cases occur hctis•e•en iise ;and 11) ss'ccl,s after tansli:-
sion. 26 The incubation pct•iod of nnn-A, non -B 
hepatti5 is, nn average, lougc•r- than shun for hcp:uini.s 
A virus infection nnrl sonu•wh:u shur li'r than th;it for 
hepatitis 13 virus disease. The onset of disease is tvpi-
cally insidious and most often anictt•t ic. Less than 2:i 
per cent of the patients have. overt f ist-toe will, putn-
clice.=6 if present. symptoms all• usu;il!v nonspecific, 
anorexia and easy fatigability being rile trust pronti-
ncut complaints. 

Reproducible serologic I(•,ts to cli;i4nusc noit-A. 
mints-B hepatitis arc not available. Nutispcc'i f ii- tests of 
hepatic it jury, particular ly ai;utine :uninutansicrase 
(;11:1 , SCp•1'), use employed to document the hcp;:tic 
inflartunatiott of non-A, non-1; hepatitis. In the 
presence of acs elevated alaninc ;uninoir:usferase 
level and in the absence of ccnigestisc L•,ilurc, anoxia, 
lie uttnwxic medication, ;dn,hnfisni, or i-sidcn<c of 
hepatitis 13 virus infcuiou, nun-a, nn il-It lu•ptitis 
should be highly suspect as the cause of Ihc• clevaced 
alaninc aniiniitt'ansferase level. "l he at:utiue antinu-
transferase elevation need not be marked, although 
incfis•idual patients may havc peak values 20 or tuore 
times the upper lint s of nornutl, On the ace-rage, ill(- 
mean peak alanine antinou-;ursfer:Ise Icyrl associated 
with non-A, non-B Itcpatitis is less shams that i tt 
hepatitis B virus infection, but the oserlap of aLuane' 

37c'
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n,inutrans(crasc Ic)cls Letc'ccn the two discstses is 
ct,nsiderahle.= A frequent characteristic of non-A, 
non -L' hepatitis is the tendency for the scrum alaninc 
anlinouans(crase level to fluctuate dramaticitlly.27

`,Vide fluctuations front normal to markedly ahnur-

nod may be seen otcr relatively brief dine intervals. In 

those who go on to develop chronic hepatitis there is a 

tcndcncv for the magnitude of fluctuation to gradu-

ally din-iinish over a period of nu)nths to scars." 

The mean duration of transfusion acquired 

non-A, non-B disease in patients who recover frunt 

the disease is 10 weeks. This duration of nun-A, 

non-13 disease is slightly longer than that of transfu-

sion transmitted i)pc B disease (eight weeks). By 

contrast, in sporadic cases of viral hepatitis requiring 

hospitalization, patients with non-A, non-B hepatitis 

recover sooner than those with type B disease." 

When non-A, non-B hepatitis occurs in an epidemic 

situation, recovcry occurs in two to six weeks.20
The most striking clinical feature of non-A, 

non-B hepatitis is its predilection for becoming 

chronic. This is true of non-A. non-B hepatitis ac-

quircd in the transfusion setting and to a lesser extent 

when non-A, non-B hepatitis is acquired sporadi-
cally.'2,z9 Whereas virtually all patients recover from 

type A hepatitis, and not more than 10 per cent have 

chronic disease after type B hepatitis, 25 to 50 per 

cent of the patients with transfusion associated 

non-A, non-B hepatitis have elevated alanine 
aminotransferase levels for more than one year after 

the onset of the disease." This striking propensity for 

non-A, non-B hepatitis acquired by transfusion to 

become chronic has not been noted in the few 

epidemics atn'ibuteti to this virus (or viruses)." Pa-

tients with chronic non-A, non-B hepatitis are gener-

ally asymptomatic and are unaware of their alaninc 
aminotransferase elevations, but liver biopsies hate 

further documented the existence of' chronic 

hepatitis." The most prevalent finding on liver biopsy 

is the pattern of chronic active hepatitis. In about 

one-third of the pat ients, chronic persistent hepatitis 

or nonspecific hepatic changes have been noted. Pa-

tients with chronic'activ'e hepatitis may progress to 

frank cirrhosis; in the majority, however, there is ap-

parently a %cry slow resolution to a more benign his-

tologic lesion. 
Individuals with persistently elevated alanitic 

aminotransferase levels after non-A, non-B hepatitis 

appear to be chronic carriers of the virus, as 
documented by chimpanzee transmission studics.12' J0

}-lowevel', the alaninc aminotransferase level in 

nuts-A, non-B hepatitis virus carriers need not remain 

abate the upper limit of iiorntal. A well documented 

carrier state has been present for at least six )'cars in 

one individual; his serum continued to transmit 

non-A, non-B hepatitis to chimpanzees even after the 

alaninc aminotransferase level returned to the nor-

mal range.': 'Flue frequent Occurrence of chronic 

hepatitis 'or a carrier state after non -A. non-B 

hepatitis has undoubtedly complicated efforts to 

identify convalescent antibody for serologic tests to a 
non-A, nun-B virus. 

1116 

1)iffrrrntinl /)ingnosis of 1\ m -A, 
tun -B Hepatitis 

Since nonspecific laboratory 'tests of hepatic 
dysfunction must be used in suspected cases of 

nun-A, non -B hepatitis, other causes of ab!!Orm, l 

tests moist he ruled out. Serologic tests ter known 

etiologic agents of viral hepatitis must he perlorned 

u) ecclucic hepatitis A virus, hepatitis L' virus, 

Epstein-13:ur virus, and cvtunxcgalosirus infections. 

,1'usic, drug, nonviral, and allergic causes of hepatitis 

must be considered and ruled out. Cougcstisc heart 

failure as well as other nonspecific causes of elevated 

trail saminase levels must also be excluded- With an 

appropriate clinical setting, e.g., transfusions or 

seedlcstick exposure, non-.A, non-B hepatitis can be 

presumed when transaminasc levels are elevated, 

when hepatitis A and B viral markers are absent, and 

wlten there is no other evident nonviral cause of the 

elevations. 
It is unusual for a patient with acute viral 

hepatitis of any etiology to undergo liver biopsy. 

Thus, the pathologic features of acute r!on-A, non-B 

hepatitis arc not well characterized. Usually it is only 

when the disease persists longer than six months that 

a liver biopsy is performed.29 The pathologic exami-

nations then reseal a spectrum of findings consistent 

wit Ii resolving hepatitis, chronic persistent hepatitis, 

and chronic active hepatitis with or without early 

elrt 
liosis,27,2 .3t 

During an epidemic of non-A, non-B hepatitis in 

India 2S patients with acute viral hepatitis underwent 

liver biopsy 20 Khuroo"0 noted that in 14 biopsies 

there were features of ''classic viral hepatitis," in an-

other four "severe viral hepatitis with grist , ing," an'1 

in 10 a "ehulestatie form ul' vital hepatitis With in-

tracanalicular bile stasis and rosette formation of 

liepatocytes as the don)inant features." ]'he latter 

biopsy specimens had "glandlike trans!nrnlaiion of 

ticpatocytes," which y crc thought to be distincu%e 

and identical to Iin<lini,s in hirer biopsy specimens 

from patients with acute viral hepatitis acquired dur-

ing the Delhi epidemic of 1955-19513.'2 Scrum 

specimens taken from patients during this Delhi 

epidemic were subsequently examined for hepatitis A 

and B virus n)arkers: it appears this huge cpi<le!:)i: 

was due to non-A, nun-B hepatitis." 

SPECIFIC MEANS FOR DETECTING 

NON-A, NON-B HEPATITIS VIRUS 

lnlcction of chimp:su'ccs docurncnti•<I a tr.:to-

ntissible went in non-: %, nun-13 hepatitis.'= 'I his agent 

is presumed to be a Virus because of the lack of evr 

<Ience of bacterial or fungal infection, the dernun• 

sr ration that the agent can pass through a 0.22 1L Gi-

tcr, and the histologic li•atute•>, \which at<' \t'ry sitni!:r 

to those in type A and type li Viral hepatitis.']

Transmission of" non-A. riot -B Ise naulis to elt

panzees, although not a readily available method, is a•' 

present the only rcprod!icible ntcans of demonstr:tt' 
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TAI!LE 1. SIZE OF I'UTA'1 i\'E NON -A, NONE HEPATITIS VIRUS PARTICLES 
Author

• Prince (197F)' 
'tabor (I!t71I,- 
Ltrullc )' ct .it. (I!179) 

{ Shi:ui,u ct it. (I!179) 
\ion ct al. (19?U) 

I Iantz c: aL (19S!1/ 

1'uzhi~a~,a vi al. (If1110) 

M,
1Ju•r 
St unt, Bret. and Gaut,), S'III 
Lice'
Scrun: 

(S n'p).antu 
Some f itl, .curse empty. 
I iii ranuclear 
I~fee unc p_nticics 

20-2.1
La, )ter ptu lit l -s luau,'

shell : ,nd dtil.e inuc, t."I, 

' Dcscribcd du,inb nun./\, non -B hcIatitis workshop in lira! llej.attu, cditcd by \')'a, Cuhen, and Schmid, 

ing that an inoctdurn is infectious fur a non-A, non-B hepatic agent. Numerous investigators have been able to demrntstratr the infcctii ity ofscruut or plasma front • individuals with acute or chronic non-A, non -13 hepatitiS.22,36.2a.3i A number of inocula have been pedigreed in this manner and have been passaged several times in susceptible chimpanzees.35.56 The histologic picture in the liver of non-A, non-B hep-
atitis virus infected chimpanzees is typical of viral hepatitis.a There is no tissue localization of hepa-titis A or B virus antigenic starkers, but ultrastruc-• tural changes, seemingly specific for non-A, non-B hepatitis, have been observed using electron mi-croscopv.a6 lot rnunofluorescence localization of 
intranuclear material thought to be specific for • non-A, non-B hepatitis has also been observed.7° Several serologic tests for a presumed non-A, non-B hepatitis virus antigen have been reported. 
Techniques to detect viral markers in the serum and liver tissue of humans and chimps with non-A, non-B hepatitis have included gel diffusion, COuntcrelec-• tropltoresis, r'adiointinunuassay, immunofluores-cence, and initn one electron mlcyoscOpy aa.a9-46 Each group of investigators has identified antigenic mate-rial in patients with acute non-A, non-B hepatitis that tends to disappear frith resolution of the hepatitis or that persis:s If the infection becomes chronic. In general, the nun-A, non-B hepatitis virus tests are nC,gatise Ili pretransf usion Specimens or prior to chin-• cal or laboratory evidence of such an infection. In addition, the non-A, non-B hepatitis virus antigen is absent in patients with serologically documented acute hepatitis A or B virus infection. Despite these encouraging aspects, more extensive evaluation must be undertaken before any of the candidate tests can be considered specific for sus-A, non-B hepatitis rus infections. Sonic limited confirmation of non-A, non -B virus associated anti'ens and antibodies has been achieved," but problems have existed with all thee tests in reruns of secil+citv reproducibility, and con, irniabiity by independent laboratories. A major difficult} has been the general unavailability of sufft-cient quantities of reagent "antigens" and "antibod-ies' to exchant.e anion interested laboratories. Oscrall it would apiicar that cnninlereiaily available tests fur non-A. non-L' hepatitis markers are unlikely in the immediate future. 

Several virus pat tides, in scrums or in hepatic tissue, have been associated with nun -A, non-B virus 

- v,

:.o ! 
h 

_ p

hepatitis. A - side range of sizes has been rlcscribctl for these non-A, tort-B virus-like particles icicutilied by electron microscopic and immune clectron micro-
scopic techniques (Table 1). These size differences may relate to the possible varieties of non-A, non-B hepatitis viruses, differences in methodology, the source and method of demonstration of the virus-like 
particles, or the on relatedness of such particles to non-A. non-B infectious agents. Virus-like particles have been observed in known iii l-ectious blood prod-ucts and in the scrum of healthy blood donors with elevated al:niine aminotransierasc levels, although the inlcctivitp of the latter has not been tested. J6•44 • 46

tib'ith the electron microscope, apparently unique 
findings havc been observed in non-A, non-B virus infected hepatocytes. Two distinct ultrastt'uctural charges have been noted in acute piiase liver biopsy 
specimens of non-A, non-B virus infected cltimpan-
zees.aa f=irst, virus-like spherical particles feet's identifier! in the nuclei of hepatocytes front certain chinipall',ecs infected with a non-A, non-B hepatitis iiioculunt (Fig. IA: H). Second, tubular, double ntenil:raned struc-tures, which appear to be part of the endoplasntic re-
ticulum, were observed in the CS- topias ii of other 
chimpanzees infected with :I different innt:ulusi (fig. ID: F). The inu'anuelear particles and the irttracyto-
plasmic tubular structures were not initially ol;,crvcd in the same chimpanzees and seethed to deli tic two 
distinct non-A, non-B hepatitis containing inocula. These mutually exclusive ultrastructural cltanges seemed to represent the morphologic manifestations of too distinct non-A, non-13 viral agents. Subsequent study has revealed, hokkTI-er, that both hindi;tgs could occur in the same liver biopsy specirtes and that one of the inocula could provoke either nuc!c:tr or cvvto-
plasntic ultrastruetural change in infected chimpan-zees. Limited infectivity' and cross clt Ilenge experi-ntents in Japan, also performed in chirnpanzces, have suggested an inununohigic dist inction bctisce•n inocula that regularly produce the intr:tcttuplasntic 
changes noted on•electror microscopy' :tic! inocula that do not cause these tubular structmes to appt.;tt'." In biopsy Specimens from hurltaris with chronic active hepatitis thought to be due to non-:1, non-fl 
hepatitis, intranuclear particles !rave been observed but not the ci'toplasnlic, double walled, tubular structllres.a9.`6 Hence the significance of the clecu'un 
microscopic observations of non-A. tort-B infected 
hepatocytes hit- both tear and the Chiutli:,tree, espe-
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Lull) in Ierr:rsul dct1ui11g 1nult i l;le non \, non-1S tir;II 
agcuts. Is currcnt!y unresultcd. \\'hat is clear is that 
both the nuclear and cytoplasrttic changes tile distinct 
for noih-A, nun-l; hep;uilis and, ss Itcn vistr,tlizcd, they 
ate very I;c•lpfol ' ii establishing the diagnosis. 

I3O\V 'I ANY TYPES OF NON-A, NON-B 
HEPATITIS ARE THERE? 

Since non-A, non-B hepatitis is primarily a diag-
nosis made by exclusion, it has been difficult to dis-
cover whether more than one etiologic agent can 
cause this disease. A number of lines of evidence, 
however, seem to indicate that two or more viral 
agents may be responsible. This may vindicate the 
choice of the nonspecific term, non-A, non-B 

hepatitis, in picicrence to hepatitis C. 
It was as a result of clinical studies that the exis-

tence of more than one agent for non-A, non-B 
hepatitis was First suspected. Mosley et al." identified 

three drug ahtisers with two clear-cut episodes of 
acute non-A, non-B hepatitis. .Craske ct al.5 ' observed 

three patients with hemophilia who developed two 

episodes of non -B hepatitis after infusion with dil'-

Ferent factor Vlll preparations. Earlier, the variabil-

ity in incubation periods for non-A. non-B hepatitis in 
transfused patients suggested the existence of more 
than one nun-A. non-B viral agent.' Other Cl inical 
evidence also favors multiple non-A, non-B agents. 

The high frcyuci)cy of chronicity and minimal sec-
ondary spread of transfusion related non-A, non-B 
hep;rti; is cunn:tsts with the epidemics of water-borne 
nun-:\, nun -B hcpalitis in India where rapid dissenti-
oatiun ; :,d uriuimal rates of residual hepatitis were 
obsct't i ii .2""c

Chimp;unec sinclies have been helpful in dclin-

im, the presc•oce of more than one nun-A. non-B 
hepatitis virus. .\s already mentioned, tire different 

ultra st r tic' rural ciccu on microscopic changes resulting 
from.diffeient rtoo-A, non-B inocula suggested the 
existence of two vial agents (Fig. I)." Gross chal-
Ienge infectivity studies in chimpanzees provide more 

substantive 1)!,)Of of nt-least two non-A, non-B vi-
ruses. Chimp:tuzccs appear to develop immunity 
after a single exposure to a non-A, non-B inoeulunt.61
When they :ore cltah'enged by a different inoeulum. 
the de;elupou n: Ufa second episode of iron-A, non-B 

hepatitis should indicate the existence of another 
agent fur this disease. Although most cross challenge 
experiments have not resulted in second infec-
tiu rs." i4 ' two groups of irsvestigltor'S hove t!ucu-
iiiented secured cpisudits of non-A. non-Il hepatitis in 
four, arid in thrice. chimrpanzees.°•" Yoshizawa's group" 
also <howetl that the double stalled.tuhula- structures 
nutrt! in the cytoplasm of iolc•cied chirup:inscc hcpa-
tocytCs only iii inn td with certain inocub'i; these 
inoculn were cross protective, but inocul:r that did not 

result in the cytoplasmic tubules offered no protec-

tive cIfeca. 

11;8 

I'(21,VTN'I'ION OF NON-A, 
NON-B IIEPATI'l'IS 

l':fleclivc moans to prevent non-A, non -I3 
hepatitis are diflicult to establish without specific 
r,icans for identifying in!rucd individuals, or those 
already immune. Non-A. non-l; hepatitis among 
clout.; addicts could be largely prc• euuicd if drug p;;ra-
1)hcrn;tlia +ccrc null shared.''' Steril isation of reusable 
rluc•dical and dental insurnnrt•nls ;11111 ;ul)paratus. ut ili-
zation of disposable p;i cntcral match.;ls. Ino11cr 
handling of contaminated needles and syringes, and 
perhaps isolation of renal dialysis machines used for 
patients with non-A, non-B hepatitis would obviate 
some parenteral ly acquired cases of non-A, non-
B hepatitis. In epidemics of non-A, non-B hepatitis, 
public health nicasures Mould appear to be necd-
ed to prevent fecal contamination of water sup-
plics.11 °° It is only in tine prevention of transfusion as-
sociates! non-A, tort-B hepatitis that more definitive 
preventive measures can be undertaken. 

Prevention of Transfusion Transmitted Non-.4, 
Non-B Hepatitis 

At present several measures can be cn)ploved to 
dinMnish the risk of non-A, non-B hepatitis transmit-

ted by blood transfusions. The carrier rate for non-A, 

non-B hepatitis among blood donors has been esti-

mated to be between 1 and 5 per cent. The lower 

number scents to apply to volunteer donors, whereas 

the higher number represents that among paid, cotn-

ntcrcial blood donors."= 
7 l hi knowledge permits the nu use of two cans tr) 

decrease the risk of non-A, non -L' hepatit is transruit-

tecl by transfusions—lirsl , the use of blood solely 

front volunteer donors and, second, the opincal use 

of blood and its components. paid, conLinercial 
donors in general carry 1 higher risk of trsosntiuing 

viral hepatitis and a higlicr risk of th:utt: ;rnsl'usion 

transmitted hepatitis resulting in a fatality." Except 

for highly specialized or tare blood products, there is 

no current justification for the use of high risk com-

mercial donor blood. Commercial donors may, Ito t','-

ever. be used for pl:tstna products. which can be heat 

treated or otherwise rendered hepatitis free prior to 

transfusion. In addition, whenever possible, autolo< 

gous blood and blood products with the lowest risks 

of hepatitis transmission should be utilized, e.g., the 

use of single donor plasma or small pools of cryo-

precipitated antihcntophilic factor in preference to 
concentratesofclotting factors nude from large pools 

of donors, some of whunt arc almost certain to h 

carriers of non-A, non-B henat itis virus.'' l.ast !v. 

t here is a conutturng acct ti n irtunn Of blood and 

blood' products. Blood rcpt;ccerncnt should be limited 

to the ntinirnal anlourtt required u) maintain car-

diuvascul;rr integrity. liluod uiiliralion, p;nuitu!arly 

for sutgic ; tl pruccdures. should lbc tuntiiluiu~!y tt:-

view•ed. M:sty hospirails Icuc csrihlishcd blued ulili-

zarion contnittces, which h;t+c been sery hcipful ill 

this regard. 
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- Figure I. C:ctI on a;il'ru-
su,i::r I indi:,Igc of thimpat!tc•e 
hrp;oocyIt:' daring iiii s-tu to kith 
non-A. nnn-It cis ti age,,,*. 'il:e 
bar rc:,,ncl11., I ,as. in.". !,u: I
nn:. nl Ihr, inrc: plod in B. A, Nu-

' clear parti, II•t in tilt hcj,aotcytt s 

!
of a, hinlpanau' ••• itI, 1•.t.n-A, nun-
it hcilalilic sic *.eels Slier inuc-
1,!a:iun frith II c:rain.15. Lul,u!ar 
C\:0151a.11,IC F:I titt: in 111 IhL' Ilc-
pa:uc', its frntn a t.l:ullpa,lac•t' t•: it h 
c!uonic nou-A_ tu tu -I: hcp:+tilis 
after inoCui.tt:un t. iti, F situ,,. 

Cacc= o! 1.:•;t ::: I! hat lntur :Iltt•i tiall, fusinris 
htrii:i ! c d:;vrn„'rd o filth hcpa ti u. iinplirated 
loners cal: i!!cm:1.lutl. :\ t!t!:1lr \t h:Isc bll:oil \t as 
:tic 11! Iv :..,.i Ira osf!accl to a -,.bent IV S ) tle\elrlpc•II 
llepatllis ,il:, l:iti be pel-Illar,cniI, e\Cltiilc•&l Iritill 
fut lhc;- I!,,niltitras. '\C!,en hcpa:itl> ocru:s alicr ntult:-
aie units uI i i,'c,c! hate Ix•cn transfused, all the 
1101015 shoo-i(I Ill • stislicc:tcd of heist; the hepatitis 

! u> car; ,ti' out'.! their ii.tmes cn!c•rccl on a donor sus-
i'ccl list. It io ie!ivat !i. ai !o prrni:literltl\ reject all the 
duno;s it- .: !11111 rauclil,l•:i 11,uic•:It, hue implication 
iII rtl,ie t 0 o:ic t::-'t: )f 1 :t;islusiin hepatitis ntav 
1, art':t :l t•; : :n;u ,u c>:e'usiun, tic•i;e,,ding upon the 
r.unlbcr ul duns:::; i:c',ul\ucl in eaLII case." Unfurtu-

Itatcly, non-A. non-li hcp:tI It I,  t:ttt Lt  cni ll.ilctl i.. 
hosltitali;.ccl p.t1icnls L'. l )Lilt. ,t:!w: t!:,ul i : : II!>!.:>,' •:I 
so Ih;u some clunul s n:;t\ be Li n!:: i:!\ a:::l IIx oI I cL t:'. 

iu)plicctic'd't 

Laboratory ,lftmts for ldrnlifii::q \',::r-:3, 
Non-B Virus Carriers 

Since specific teas 1)t it ,t .t :\ , r! 15,1:-:\. nn;:-;; 

hcl,atilis (1:1\t• not (tech inail.ul le, I1I'1 1i 5  t air ic•i:. 
have hccn utilireci in ate a!iclr:p! to :cic:rltI1\ bl0otl 
Honor tartlets of nun-A, nun-If Ilrp:ltil is. \";u•i,:t:s 
laboratory' tcststhat it:dirale Lu1,.,! i1 r!\al n:ct io:l !t.' 
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been tried over the years. \lost of tile earl)' studies 
ere not conclusive '6 Itcrcntly tic "Transfusion 

'Transmitted \viruses Study' grout, has presented the 
best evidence to date that measurement of alanine 
aminou-ansfer:tse levels in blood donors can Icad to a 
significant reduction in non-A, non -B Itcpatitis.57
They estimated that 40 per cent of the cases of non-
A. non-B hepatitis trtutsmiitcd by blood tl'ans''usions 
could he pretcntci f if biond donors wilh an alanine 
antinottaitslcrasc lcwcl Higher tbait 45 I.U. per liter 

were interdicted from donr,ting; this would result in a 

lass of 3 per cent of blood donations. These data have 

been confirmed by our group. Consideration is now 

Being green to the question of whether all blood should 

be screened for alanine aminotransferasc elevations 

prior to transfusion. 
Other nonspecific tests have also been suggested 

as ways to detect asymptomatic carriers of non-

A, non-B viruses. Serum cholylglyeine and plasma 

carcinocinbryonic antigen determinations look in-

triguing as a result of a small study but must be con-

firnted.w In addition, the value ofthese two tests must 

be compared with and separated from the use of 

al:utinc aminotransferase testing in donors. Since the 

presence of antibodies to hepatitis B antigens, anti-

HBs and.anti-HBc, in blood donors may indicate a 
high risk of exposure to non-A, non-B viruses as well, 

these measures have been evaluated as means of de-

tecting carriers of non-A, non-B viruses. Studies cor-
relating the non-A, non-B virus infectivity of anti-HBs 
containing blood have revealed conflicting re-

In the only prospective study evaluating 

the risk of non-A, non-B hepatitis in recipients of 

anti-HL'c containiu;  blood, non-A, non-B hepatitis 

occurred significantly more often in recipients of 

such blood than in, recipients of blood without this 
antibody, regardless of  tether the donor blood also 
contained anti- i-IUs."Z

For years the use of frozen blood was advocated 

to eliminate the risk of' post-transfusion hepatitis. 

This practice was based more on hope and anecdotal 

observation than on actual clinical study.63 Finally, a 

controlled trial to evaluate the hepatitis risk of fro-

zen blood was performed.''' Four of 104 recipients of 

previously frozen red cells, recombined with the 

dunots' plasma, developed hepatitis compared fo 

none of 1 10 recipients of previously frozen red cells 

combined with heat treated albumin. The small 
number of hepatitis cases, however, clouds the statis-
tical significance of this study. More recently a care-

ful, but uncontrolled, study' has appeared to refute 

the postulated efficacy of frozen cells to obviate the 
risk of transfusion transmitted hepatitis,"' while a new 

prospective controlled trial of frozen red cells sup-

ports their use to diminish the risk of viral hepatitis 66 

Hatigen63 observed clinical hepatitis in 56 recip-

ic'nts at his hospital who received various blood and 
blood protucts front both volunteer anti commercial 
donors; 16 of these patients had received only frozen 

red cells, 13 had received just washed red cells, and 

eight had received both frozen and washed red cells. 
Subsequcnthy Ilaugen observed a seven-fold drop in 

1120 

tit: :a.~. tT... :;s-:~;;e~•a 
L• t' - ':i ra ~i';'fir. 

y%tL: ,•-.v,1,y{~.y :.i '~•. 4`•4.7L~t'A' ~z 
~.C', ̀i;€!R:'3~s:,•j$}, 

the liel>atitis frequency at his hospital ,hen the hlntitf 
hank switched to all volunteer donors. It is clear that a 
change in donor population had a more intportarit 
impact on the incidence of hepatitis than the use of 
frozen or t''ashetl red blood cell traitsfu=iuns. 

In an ongoing stud)- Iticryy inan ct al." are com-
paring the risk of hepatitis after tine administration of 
either frozen, just washed, or ordinary packed red 
blood cells. To date they have secti no cases of Nird.l 
hepatitis in 43 recipients of hozc:it tent t:clls, but there 
have been four cases (one icteric, three anictcric) 
after transfusion of 72 patients with saline-washed 
red cells and four cases of hepatitis (three icteric) 
among 41 patients receiving ordinary packed red 
cells. Although this trend favors the use Of frozen 
red blood cells, the differences are not significant 

and conclusions should not be drawn until this study 
is completed. At best the freeze-than'-wash process 
for red cells may diminish the risk of transfusion 
transmitted hepatitis, but it is not likely to be com-
pletely effective in its prevention. 

Other Means to Prevent Non-A, Non•B 
Transfusion-Transmitted Hepatitis 

Another means of reducing the hepatitis infec-
tivity of blood products may be ultraviolet irradiation, 
especially when combined with (3-propriolactone.67
Neither ultraviolet irradiation nor -propriolactonc 
alone can completely eliminate the hepatitis illfcctiv-
ity of plasma,66'G6 but together they may be quite ef-

fective in this regard. With eight susceptible chim-

panzees, ordinarily infectious factor IX complex 
treated with combined -propriolacto ne and il l-
traviolet irradiation was rendered noninfectious for' 

type B and non-A, non-B viruses.67 Further evalua-
tion of hepatitis B virus material of knot•: n infectivity 

showed that the infectivity for this virus was markedly 
reduced but not elintinated.67

Immune scrum globulin has been proposed for 

the prophylaxis of transfusion associated hepatitis for 

many years. Mail studies have been published on the 
effectiveness and on the lack of effectiterless of itn-

munc serum globulin in the transfusion setting ' 

Most recently the effect of immune serum globulin 

on non-A, non-B hepatitis caused by transfusions 

has been evaluated by three groups. Once again there 

have been conflicting conclusions regarding effec-
tiveness. Kuhns et al.,7' using imntunt' scrum glop):li!r 

prepared from individuals convalescing from non -A, 

non-B hepatitis, found no effect on the prevention of 

transfusion associated hepatitis. On the other hand, 

Knodell ct al."-" concluded that the risk of icteric but 

not anictcric non-A, non-B hepatitis as well as tic 

frequency of chronicity were both reduced by im-

mune scrum globulin. Finally, ill their initial study, 

Scoff ct al." noted that itttntune Set'ttnt glohuiin re-

duced the f ret1tteney of 1n - l c l :!St's of tlutt-;\, nt,n-1; 

hepatitis, but not that oh :utictcric cases. 'hits uierti'a-

tion, however, was confounded by the large number 

of high risk commercial donors ill this stud;:, and a 

second study by Seeff et ol.r" did not support this 

• 
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cL.nc!us;on of their i tia stutiv. A!tlsough the latter 
1 c.-ntu ators st.i gcs:cd that its b utte scrum globulin 

might be appropriate for certain- high risk patients, 
e.g., those receiving three or more units of co;;mnlcr-

• eial blood, they pointed out that the elimination of 
paid, commercial donors would have been the most 

•.:.effective means of reducing transfusion transmitted 
:non-A, non=B hepatitis, 

- 

'Future Prevent ion of Non-A, Non-B Repetilis 
The most significant measure For the prevention 

of transfusion related non-A, non-B hepatitis would 
T. 'be the development of tests to detect specific viral 
':markers. Such serologic tests would allow us to detect 

carriers of non-A, non-B hepatitis and to determine 
the susceptibility of exposed patients. Such tests 
might also aid in the purification of viral antigen for 

?_i .vaccine development along the lines of that Found 
effective with hepatitis B virus." Until such tests are 
developed and commercially available, nonspecific 
means of prevention, such as minimal blood usage, an 

3 all volunteer blood donor system, recording of im-
plicated donors, and possibly pretransfusion alanine 

+ aminotransferase testing, should be utilized. 
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fy, - i .,:i~ y,-.•t.-r.:s 7~: tea•....;- r:..LSs~.v:1`. • '_ x '%:' '".- "'N~-'77r7: '-~~h . tti rrv~,~'. 

•:Y;,; Tc „~fTY', .'y". :!° ~ .u, ._; a>.r, N`I'atp.`fi r .. - :•f1`V ..rS _C~,. ~ , r. ~I' ~'' l.:...: rt._ ' /~ .~/ 

BPLL0002571_005_0009 


