
I 

1471 THE NEW ENGLAND) JOURNAL OF Mf?f)ICINE Nov. 30, 1989 
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Abstract We measured antibody (anti-HCV) to hepatitis 
C virus, which causes non-A, non-B hepatitis, by radioim-
munoassay in prospectively followed transfusion recipi-
ents and their donors. Of 15 patients with chronic non-A, 
non-B hepatitis documented by liver biopsy, all serocon-
verted for the antibody; of 5 with acute resolving non-A, 
non-B hepatitis, 3 (60 percent) seroconverted. The devel-
opment of anti-HCV was delayed (mean delay, 21.9 weeks 
after transfusion, or 15 weeks after the onset of clinical 
hepatitis) and took approximately one year in one patient. 
Antibody has persisted in 14 of the 15 patients with chronic 
disease (mean follow-up, a6.9 years; maximum, >12), 
but has disappeared in the 3 with acute resolving disease 
after a mean of 4.1 years. Anti-HCV was detected In sam-

NON-A, NON-B hepatitis remains the most com-
mon serious consequence of blood transfusion. 

Studies conducted before I980 indicated that the risk 
of post-transfusion hepatitis was 7 to 12 percent.' Cur-
rently, the risk is presumed to be considerably lower, 
but it has not been measured in prospective studies. 
Approximately 50 percent of infected patients have 
biochemical evidence of chronic hepatitis, and ap-
proximately 20 percent of those with chronic hepatitis 
have histologic evidence of cirrhosis. In addition, the 
non-A, non-B virus may he causally associated with 
hepatocellular carcinoma'-' and is a frequent cause of 
community-acquired (sporadic) hepatitis,' a nonper-
cutaneously transmitted hepatitis that is also often 
chronic..,

A system for the detection of the non-A, non-B virus 
has brcn elusive, but such a system has been reported 
since the recent cloning of this agent,' now tentatively 
designated the hepatitis C virus; both radioimmune 
and enzyme-linked assays have been developed to de-
fend antibody (anti-HCV) to the protein expressed in 
the cloning experiments." We have evaluated the ra-
dioimmunoassay for anti-I IC V, using stored blood 
samples from prospective studies of transfusion-asso-
ciated hepatitis,"•'n and the frequency with which hep-
atitis C virus was responsible for transfusion-associat-
ed non-A, non-fl hepatitis. \1'c also determined the 
frequency with which an anti-11CV—positive blood 
donor could be identified in such cases and, by infer-
ence, the number of cases that might be prevented by 
the routine application of this assay in screening 
donors; and the relation between the specific assay for 
hepatitis C virus and the "surrogate" assays currently 
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pies of donor serum given to 14 (88 percent) of the 16 anti-
HCV—positive patients for whom all donor samples were 
available. Only 33 percent of the anti-HCV—positive 
donors tested had an elevated serum concentration of ala-
nine aminotransferase; 54 percent were positive for anti-
body to the hepatitis B core antigen (anti-HBc). 

We conclude that hepatitis C virus Is the predominant 
agent of transfusion-associated non-A, non-B hepatitis 
and that screening of donors for anti-HCV could prevent 
the majority of cases of the disease. "Surrogate" assays 
for anti-HBc and alanine aminotransferase would have de-
tected approximately half the anti-HCV—positive donors 
involved in the transmission of hepatitis that we identified. 
(N Engt J Med 1989; 321:1494.500.) 

used by blood hanks to reduce the transmission of 
non-A, non-B hepatitis. 

l\f F: i-IIOns 

Enrollment and Follow-up of Patients with Non-A, Non-B 
Hepatitis 

•lltr ++ iii) uct of the prospective atndirs from which the samples 
used in the current study wrrr decked line previunsly kern de-
scrihrd."•'o Basically, all adult pat lent who underwent open-heart 
surgery at the National Institutes of f Iealth from 1773 to the presrnt 
were enrolled if they had no ryid-tire of prrr-xisting liver disease, 
had not rrrrive(I any transfusions in the previous si-c nv+nt hc, cc err-
avail able for tang-terns postoperative hlood s:mtplint .  .Ito I .t, in-
formed consent. Blood samples were taken from Qtr paiirutc s+wkly 
or biweekly for the first 3 months after transfusion, nunuhly t ic (Ire 
next 3 months, and then 9 to 12 months alter transfusion. iratirnts in 
whom non-A, non-B hepatitis devrinperl were placed on loops-term 
follow-up, during which the interval between samplings (leprndrd 
on their clinical course. Liver biopsies were performed in must pa-
tients in whom scrum levels of alaninc aminotransferase remained 
elevated for more than one year. 

Ilepatitis was diagnosed if the alanine ant(trrilransb'ra.e level in 
the recipient exceeded 21/s limes the upper iimit of normal fa our 
laboratory between 2 and 76 weeps after translitsion and was at tract 
twice the upper limit of nran,.11 .ni repeat sampling I or more ccc i ks 
later." Non-A, non-Il hrpantis c, .r: iliac nosed if ,iher hrpatonopit 
viruses were exrludrrl by sr-t i m, cling, if' nonviral causes ul 
hepatocellular injury were cc  I I„ c•nnvrttlional clinical and 
laboratory studies, and if the rliat;mr.is was agreed on by an inde-
pendent review pannl.tr' 

Selection of Samples for Antibody Testing 

liar the current study, we selected from a total population of 
7t) patients fitund to have nun-A, non•B hepatitis in earlier prnsprc-
tivr siii(liet 15 patients in whose diagnoses we hall lbr• most ronfi-
(Itme, on the basis of the magnitude of the elrsc,ii,,,, (if alaninc 
anrinntransferase lrv,-Is, the presence of characteristic flurntnt-
ing patterns in alanine aminotransferase lrvrls, Ihr rlrvrinpntrttt of 
chronic hepatitis later confirmed by biopsy, and in I patients, rbtc•u-
mrntation of non-A, non-lt hepatitis by studies of disease trans-
mission among chimparrzrr•s. 'these I5 unequivocal cases were tom-
pared with 5 less well defined cases in which an acute episcKlr nit 
transfusion-associated nun-A, non-B hepatitis appeared to resolve 
spontaneously. These self-limited cases fulfilled the diagnostic 
criteria for non-A, non-B hepatitis as defined in the prospective 
studies, but they did not involve fluctuatimis in at:ninr amino-
transferase levels, biochemical evitlrnre of chronicity, of dnctr 
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men la lion of hcpatilis on biopsy. All the paticnls had iirldcrgnne 
open-heart surgery and had receivcdtlront I in 20 units of blood 
(mean, 12). "i•be nesulis from 10 of the patients (9 with chronic 
and I with acute disease) were partially described in a previous 
report." 

Outer than bias (Inc to st-bettor, on the hasiauf the prohnhiiitV of 
diagnosis of nun-A, non-1S lirp:rritIa. iii,-r, was no known srlec lion 
bias that might have iullueneed the pn+hul,ilitc of a positicr ;utli-
ilt'\ ❑ccay. 1•he 20 patients srlrrlrrf dill i t dills, cirnilicanth 
fi.nn (II,. ",n paticnls not selected in age I51.7 cc. 52. 1 seucl, ors (115 
pct rill is tilt percetu male), the ituatiiitc (d blond t,ansllisrrl (11.1,
as. 13. 1 unite), or the frequenr, i t chronic hepatitis 1 7S prrcrut cs. 
77 percent 

Testing of Donor and Recipient Samples 

All serum samples ihnn donors amid recipicnis were retrieved frchvl 
frozen storage at —2(r(: to ;It (:, 'they were thawed at room 
tempt-, alum, and an aliquot of ' ,tt 11 sample was sent under t-rxic lit 
(:piton Corporation, whirr this o, it ti - it'd for aoti-1i(:V he radio-
imnnnn+assay. A sample nht;iilu•d 6rfore transhrcion :Ind samples 
ohlainrd 'S, 6, and 9 to 12 months .,Itcr it;ui•:li,silm oil—cent for 
ioirial ,,ding. It scrmon%ersion ,lac 111),umrnu (I. all availal,lr• in-
il lsetilllg Fnmpies l%rlC Scutt fur limb,•, testing to define room I,re-
cisrlr the time of serorom,•rcvu1. :\I itIIiII, at,Iinnuansfi'rasr was 
rnrasurrd in mast but not all ii i,,,, camplrs at the lieu' of dulladon, 
by means of a kin,-tic assay ,cilh .I I)i(cli •ritir it ali:d\ irr lll: the level 
was considrretl In it lie, iir,l if ii r„rrdrd -,.i If' p ei- liter, or 
2.2:1 SU alone the normal m - u , lot; iilanim' .lnlill"11-of t- use Icv-
11. 1 1 All donor samples c%( n- tt.,a,-,l fi,, antibodc to hepatitis 13 core, 
;untigrn tank-ifBc) Iry radioi-ill l Hcc.,, (('ORAII, Abbott I.abo-
I:Iimircl. 

Radioimmunoessay for Antl-HCV 

I h. .resav for anti-I ICV teas prrfnriluvl as pre, ioncl% d.-crribed." 
In , , , the cloned viral protein ((:1 Ott- 'i) is pnlili,•ri front 
1r. ~•Iri .: n,u,r earl by lrrakagi- with gli,cs ltra(Ia, -xu;,, lien of the 
it dull, liartion ccilli c,ldiurn dude,- I cnllaw, rrmncal of iiii' sorli-
uln dud ,„1 outf it, I„ a,u-totir prrripit:ili.m, :n,(I cu, I.rcci„• I lito-
maln%! , old,•. ,.,: .. ( ) C, 1,11arose rolunm in 7 \i it, Hod it Srpli.,, I %I 
S-110f) .,hnnn in II . I P-n rot sodium drxl,usI cnll:ne. liter final puli-
tv of Ihr (1(10-3 plolrin c%as more than 71) prirr•rlt. 

Table 1. Anti-HCV Seroconversion in Prospectively Followed Patients in Whom 
Chronic Transfusion-Associated Non-A. Non-B Hepatitis Developed.* 

I'Am N I ANu-11CV 

Ni, Atilt/Sic Arno, I9(ncl (11RONir PItAc, sr.R10N 
ONstt M'Ak Pt AN 

(au sae Arrem All I,II nit Hun nl'RAruoN 
TRANcrlairN) litlililtri t(Inntlitiler) iyrt 

1 6UM 10 978 Si 513 
2 46iM 5 610 15 4 311 
3 5711' 6 468 13,7 t0½ 
4 54/F 9 768 1413 8 
S 7I!M 9 421 17 I >10t 
6 29,M 6 678 13.7 ;9 
7 55/F 7 434 13.7 5t2 
8 53/M 9 450 1110.9 >6t 
9 63/F 7 12(1) 153.9 4t 

10 62'M 5 525 12.0 ?7 
II 25/M 6 505 171 7 
12 (,(NM 6 2112 106.0 512 
I3 35/F 8 555 27.4 a 1 
14 63/M 8 t(X) 14).6 6 
IS S5;M 7 785 205 4 

to t-H 
Itlst,)I(,(:Ie 
i1 AlI,Rrs 

('All 

('All 

c1'11 

cell 
CAIi/cirthosis 

('All 

CAH 

CAH/cirrhosis 
('Al i/cinhnsis 
CAH/cirrhnsis 

("Ill 
('All 

No biopsy 
r -AI I 
( 'I It 

'At .r dn,,n, s atnninr a imgr.uialctau, CAII chronic Hauls,, Ilvp:niric. CPII rhrtmic persislrni Iw•pnlilis, ,Ind CAlfrcinht,-its ('All o,, Willi hi,psy nail onhacis in, titer hisCuy 
R•:nx•ol .hvJ o1 ca".e, un ehrird la thin, dixast. 
fPat knl died of cau•cs di,eok or indirectly metaled Io lice, 4-leave 

ilticu,titer plates (Itnnmlon 2, I)rn:urrh i.;Ihm,ii, ,ir -sb wro,-
caatril „iih 100 rig of (110(1-3 and inrnhalrti 'cu lt lillt }ti nl cr rn e,I 
(clih,n d 111((1) far ,,nu' hour at :S7"C- !Sound :uoihode %,ac d,-I, . 1,-.f 
h) ii u nd iticuhatio i will, "I labs-i, if air,• i, .eruihnu,au inunnn„ 
glnfudin (, nu•rxhatn). .Nil Iii - a.cc.,,- ii, , - - nn, in dntllit.oc, ,1 lactic 
a, livii,' trnnt until,- ti ;,,, 1St) alto,-,• I!1, iii,-an lilt nega ti%e I tint ol•. 
cc';ii 1 ru-subrecd a ii shier rr•arthin Ii ll .Hui II('\ - . 

RtsuLrs 

Characteristics of Patients and Frequency of Antl-HCV 
Seroconversion 

I -ahle I shows the (Ienulgraphic data and clinical 
anti histologic outcomes of the 151 patrenls with \crll-
Charactet'ized Chronic translusion-assn( toted nun \, 
Wort-113 hepatitis, in relation to their ;ulii-IIC\• tu tu -
body status before- and afier Ira nsthsion. 'I'lit' meat, 
age of the patients was 51.8 years, and only 27 prrcrut 
were Piss than 50 years old: 67 pert-rut were IIir11. I lle 
mean duration of the rlevation iii serum alanine 
anlinot3ansferase concentrations 5i is t;I(-ate•, Ihan or 
equal to 8 years (range, ? 1 to _ 13 L- \\'hr•n the al;ntine 
aminotraiisferase level was eonsl toll\ or intrlmil-
tently elevated for more than one year, ( ironic uoll-.\, 
taint -R hepatitis was considered m have d(vi101te(1. 
'(hr presence of chronic hepatitis was crinfirmc•d by 
liver biopsy in each of the 1 1 paticnls who tutu (lerwent 
this procedure. Of these 14, 3 (21 percint) had chron-
ic persistent hepatitis, 7 (51) percent) had chrnnir ac--
Iice hc•pa lit is, and 4 (29 percept) had cirrhosis. 

I':aeh of the I5 patienis with clnonit- hepatitis w;ls 
negative liir anti-iIC\' hrli ,i(• u;oislnsion, and all lie-
( - time positive a1 varying litlirs alter iransh)sioll (set 
I)c•low). Srrnc'onversion to ;ulli-I I(:\• was preceded by 
net:ativt results on le-sting of' tic tltiplc sa tildes Gtr 
;utii-IIC:\' (Fig. I through 3) exerpl in a li•c% patients, 
in whom the earliest post-i rat isfilsi Ill samples wrrc• 

positive hr('ausr• of passive il ansfi•r 
of antibody trout (boors cc•ith high 
antibody levels. 

•1•ablr 2 shows similar data 101-
the live patients svilh mill-:\, not,-11 
hepatitis that ,,•dots eli sl,ontanc-
ously within the liter %car after 
transfusion. \\•hen I lit- paticnls with 
rapidly l (-Sl) \•ing disease wrrc (-om-

Yes pared with those with chrnnir- dis-Yes 

Yes case, their mean incubation periods 
Yes to the onset of hepatitis were (i,-I 

Yet weeks and 73 wl i-1 s i'-spi t-I c lv. 
Yes their mean ptak ac -nut'-phase ele-
Ycs vatlotls of alatltll(• ainillotrarlsfet'-
Yes ase were 135.1 ILI per liter (rang,, 
Yes 287 to 2322) and 806 ILi per liter 
Yes (range, .121 to 2112), and the pro-
Yes 

17nr•tions of patients with icterus Yes 
were fit) percent and 27 lmrcrnt. Yes 

Yes '1'h(• nleatl duration of the' elevation 
Yes of alailille atllillntlatlsli•r;tse ill the 

patients cc'ith resolving hepatitis 
was 8.2 wrck5 (range, 2 to 15). St•-
roconversion to anti-I I(,\• nrcurrrd 
in only 3 of the 5 patients with r(•-
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Figure 1. Serial Alanine Aminotransferase and Antl-HCV Levels In Patient 2. Demon-
strating the Characteristic Long Interval between Transfusion and the First Appear. 

ance of Delectable Antibody. 
The shaded area shows the level of alanine aminotransferase, and the heavy line anti-
HCV. The horizontal lines show the upper limits of normal for alanine aminotranslerase 
(ALT) and anti-HCV on radioimmunoassay (RIA). The arrow represents the onset of 
hepatitis. The interval between exposure and the appearance of detectable antibody 
was 20 to 22 weeks. There was a correspondingly long interval (14 to 16 weeks) 
between the onset of hepatitis and the first appearance of the antibody. Note the 
fluctuating alanine aminotransferase pattern characteristic of non-A. non-B hepatitis. 

Antibody has persisted for more than 10 years. 

solving disease (60 percent), as compared with all of 
the 15 wit hi chronic disease. 

Interval to Anti-HCV Seroconversion and Duration of 
Antibody Response 

The inlet'val frilnt the clue if Itanslilsioll to the date' 
when the first sample with a dcle•c't:lble level of anti-
IICV was obtained is shown ill 'I ahh' 3. If no anti-
HCV—negative sample was oblanlyd within Iwo wt•eks 
of seroconvrrsion, Ihc• interval shown rrpr(•senl.c the 
midpoint between fill- last negative sanlplr and the 
first positive sample. 111(15 calculated, the nlran infer-
va) to scroconversion in patients in whom alit i-1l(:V 
developed (except Patient 4) was 21.9 weeks (range, 
10 to 39). The tnr•an interval li'ont the onset of hepati-
tis to anti-IIC V sero('onvet•siorl was I5 weeks (range, 4 
to 32). In Patient 4scroconvcrsion occurred more than 
one year after transfusion, hill the absence of serial 
samples at that time precluded the precise measure-
ment of the interval to serucoln•ersion. Patient 4 had 
no other known potential exposure to hepatitis C virus 
and was not sexually active; it is highly probable that 
the development of anti-I I(:V was related to her pre-
vious blood transfusion. 

The antibody has persisted throughout follow-up in 
all the patients with chronic hepatitis except one (Ta-
ble 3).The mean duration of the antibody response in 
those with chronic hepatitis was greater than or equal 
to 6.9 years (rare e, 14 nlonths to ? 12 years). In one 
patieht who appeared to have chronic disease (Patient 

3), the antibody became undetectable ht-tw(•rtl 13 and 

15 mou ths after it was lu st rlt'Iri Irrl 
and 29 to 31 numtlls after Ira utsf i-
si011 (Fig. :3 ). .1 di:t(;nosis of chronic 
persistent hepatitis was ntadt' hr 
histologic examination. and alanine' 
atllinotiansli•rase voncentr:ltionc 
were intermittently elevated al Ii 4w 
levels (peak. 1 113 Ili per tiler) after 
anti-I iC\' was no longt•r detected: 
daring suhse(1ucn1 f)llovr-op, I111 al-
anine aminoUaosli rase yahlt• ex-
(rrdrd 59 Ili lil t' tiler, and math• 
\.0 I i  lccar in the h u t nlal raot;c•. 

ill ( tuall asl to the persistence of 
anti hod\ ill the majority of p:11i1'nts 
with cluonic disease, 111111 1 I(\ 
ilisappearecl in cacti of the Ihrer' p:i-
tienls with clinirall% resolving hrp 
atilic who had had anti-1l(:\' srio-

con%ercion. One of these paiieni. 
(Patient 1(3) recovlrerl fiolll tt cr-

errc episode• of nun-,\, [loll-1t hepa-
lilis (peak alaliiltr• : tnlinotransfrraee 

level, 1.)11(i Ill per liter: hiliruhitt 
level, 1111.7 Etnlcd pc-t liter) vsitltin 
15 weeks of onset, Alilioti4h al:t-
111111' :tm illoll'allsh'r':1sr• r':11111's ill 

nnilliple samples r%ery normal 
there a0rr,anti-H(:1' p('rsiste(1 fill. 1) 

years, (t111% to dlsap)car belv%rl'n 
the 9th and Ihc I Ith year. In two patients with icsoly-
ing disease (Patients 1R (11111 19), unti l I(:\' disap-
pearrrl in less than 1 1V,• :1114 2 yeal's, respeclivrl\ 
('11'al,lr 3). 

Patterns of Antibody fesponse 

ftrprr's('nlative pant•rnM of the anti-1 I(:\' response 
ill patienls with Chl'nlll(' it '1):IIII15 nrr shown in Fi isles 
I lhrongh 3. Patient 2 (Fig. I ) had a I\pival dt'la%rd 
response, in which the antib(lrls nay nol delf,cle(1 lnrlil 
21) to 22 wct•ks (lil t r\piisnir mid i I in Ii i rcrrk', alter 
the' onset of hepatitis. (titer Ihc alilih.,tic ccas I(ra•1tl. 
its level rose to a pl:lll'an, which I(( i',1. 11(1 I 'm nt,(l 
lhan I() years. The alaoiue antinlill :lttai•rasv l,'si lc 
showed the lluctualing paticrn typical III non-1\, 1(111-
13 hepatitis. 

The course of Palicill ill il'i+t. 31 eXrlllplilirs Ih 
pattern of passive anti (( (III i ansli•r. Ita(►i((:lr Neill- 
counts reached 13,1111(1 (•pill 12.6 lime. Ihc tippet limit 
of nornial) in the first sample obllined after lrandil-
Sion and Then letnrned to base line o%c•t tit(- next ficr 
wer'ks, conuoenxc11:ue with Ihc half-life of Ig(i :ui'l 
with Ihc prescnrc of' high lc''( -Is of antihod' (''tl, f'-, 
cpttr, or I litres the upper limit of nortuall in tun' 
donor. r'lclivc :ultibod\ fin•nlaci(ul was first dh'IrI Iri s 
It weeks alter tt'attsfilsion 'l ie' anti-11('\' lest'! Ihr•n 
fhtetuatrd oscr the nest Its weeks: Ihc le sr;is no coil(•-

latioll hctrvc•('n the fluctuations in al,tninr amint,it:uls-
fi'rase levels and those in anti-I I(:\' levcfs, I he )aticnl 
has remained :niti-lIC\'-positive lilt 5'/1 %ears. 

'the course of Patient 3 (Fig. 3) illus(taics Iii,' sank 
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Figure 2. Passive Transfer of Anti-HCV to Patient 10 from a Donor with a High Level of 
Antibody. 

The shaded area shows the level of alanine aminotransferase, and the heavy line anti-
HCV. The horizontal lines show the upper limits of normal for alanine aminotransferase 
(ALT) and anti-HCV on radioimmunoassay (RIA). The arrow represents the onset of 
hepatitis. The inverval between exposure and the appearance of detectable antibody 
was 13 weeks, and between the onset of hepatitis and the appearance of delectable 
antibody 7 weeks. The donor tested positive for anti-HCV (20,425 cpm). The passive 
antibody had a typical course of decay for IgG, which was followed by the formation of 
active anll-HCV beginning 13 weeks after transfusion. Anti-HCV has persisted In this 
patient for more than 5'/2 years. Note that the fluctuations in radioactivity counts 
(performed on the same run) did not correspond to the fluctuations In alanine amino-

transferase levels. 

points about delayed detection of antibody (19 to 21 
weeks after transfusion, or 9 to II weeks after the onset 
of hepatitis) as that of Patient 2, but also demon-
strates the loss of dctcctahle antibody after it had per-
sisted for approximately one year. 
'rhe antibody became undetectable 
between the lath and 15th month 30.000 
after transfusion, and many sam- 28.000 

pies obtained thereafter have re- 26.000 

mained negative (-_7 years). c 24'e0°C 22 

Transient Hepatitis 

In two pat icitls with resolving 
hepatitis (Patients 17 and 21)), anti-

HCV did not devclop. In Patient 17 
the alanine aminotransferase level 

had a 'cry sharp spike (17~I0 I U per 
liter), and he had abnormal values 
for only two weeks. 1 he interval lit'-
fin' the elevation of the alanine 
antinotransfcrase level (nine weeks) 
was typical of the incubation peri-
od of non A, non-l3 hepatitis and 
was accompanied by a mild elrv,i-
tion in the hilirubin level (•1 I µmitt 
per liter), malaise, anorexia, and 
nausea. 1 here was no other nhylotis 

explanation for the symptoms and 
the transient rise' in the alanine 
antinotransfcrase level. 

Patient 20 had a peak alanine 

E 20.000 
18.000 
16,000 

Cr " 14,000 
12,000 

> 
10.000 

= 8.000 
• 6,000 

4.000 
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aminotransferase concentration of 
only 287 Il? per liter with the onset 
at week 7 after transfusion; ahnor-
mal values persisted for only six 
weeks. '[-here were no associated 
symptoms that suggested viral hep-
atitis, no hepatotoxic medications 
were taken, no serologic evidence 
of infection with other hepatotrop-
ic agents existed, and there was 
no obvious nonviral cause for the 
abnormal alanine aminotransferase 
values. 

Except for the short period of 
abnormal alanine artinotransfcrase 
levels (less than six weeks), there 
was no consistent clinical or bio-
chemical distinction br1„c't'o dic 
two resolving cases in 'which anti
 

-
IICV failed to develop and the 
three cases in which it did ('['able 
2). Anti-I ICV-positivr donors were 
found in all three transient anti-
HCV-positive cases (Table .1) and 
in rrrithrr anti-I(CV-negative case. 

Neither the incubation period 
nor the iwak alanine amincitrans-
ferase ni hilirubin levels reliably 
distinguished the individual cases 
in which the non-A, non-B hepatitis 

resolved from those in which chronic hepatitis de-
veloped. However, as a group, the patients with 
transient cases had a more severe acute cpisndr, 
as manifested by higher mean alaniuc aminnirans-

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 3436 38 1234567 
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Figure 3. Serial Alanine Aminotransterase and Anti-HCV Determinations in the Only 
Patient (No. 3) with a Diagnosis of Chronic Hepatitis in Whom Antibody Was Not 

Persistent. 
The shaded area shows the level of alanine aminotransferase, and the heavy line anti-
HCV. The horizontal lines show the upper limits of normal for alanine aminotransferase 
(ALT) and anti-HCV on radioimmunoassay (RiA). The arrow represents the onset of 
hepatitis. The interval between exposure and the appearance of detectable antibody 
was 19 to 21 weeks, and between the onset of hepatitis and the appearance of 
detectable antibody 9 to 11 weeks. A sample taken 13 months after transfusion was 
anti-HCV-positive, whereas a sample taken after 15 months and all subsequent sam-

ples for 10 years were anti-HCV-negative. 
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Table 2. Anti-HCV Seroconversion In Prospectively Followed Patients with Acute Re-
solving Transfusidn-Associated Non-A, Non-B Hepatitis. 

15111 'at t1NwlI IlA'I rxt rt.en Air p1 ANN 11111Rltars fl'RAIi.IN As, I II(•5 
Nn Ao,VSrx AI I l a moos, I' 4uv, 111 I'lilerl' Dined/tiled 1wk1 Si x,n INv IP%IiN 

16 52'M 6 151)6 1114 7 1S 

17 68/M '1 1740 4I.1) 2 

IR 25.'I 6 ' 115 15.4 II 

19 - 47fF S 21222 136.8 7 

20 53rM 6 287 6.8 6 

Al.r rknrncs alanine amimaransrcrase. 

('erase levels and more frequent ictcrus ('fables 
and 2). 

Status of Donors and Recipients on Anti-HCV and 
Surrogate Assays 

Table 4 shows the anti-I ICV and anti-Illic status 
and alanine atninotransfi'rasv Vvels or II c donors 
of blood to the 18 rr•ripit ills who demonstrated 
anti-I1(\" scrocvnvrrsilm. .prong the III recipients, 
an anti-HCV-posilive donor was detected lit' 14 (78 
percent); I patient rerri 'rd blood from two anti-
ii(:V-positicl' donors, In ItNo of the four recipients 
lit' whom no anti-IICV positive donor was detected, 
a sample from one of I  donors was una sail allle 
for testing. '1'htrs, in otti) ii; cast's could we filly ana-
IVzr the status of bn11, 1 1i1• donors and the rrripi-
rnls, and an anti-11(:\'- pi,il ice donor was detr( i d in 
14 of them (88 pt'rccut). 

Table 3. Interval between Transfusion and Anti-HCV Seroconver 
sion and Duration of Anti-HCV Response.'" 

TPAN1r I '[1Ill (insi, - nt'RAIIIIN Irk 
NO II NI Si R(Rr,N\' 1' R51115 SI PIN (INrlam,lN Aoit 114CV 

N', INrI RAAI Ion, as AI R,A,Y,Nsr 

at 

1 15 S -I2.t) 
2 21 16 sins 
1 16 II) 111-1511x11

4 "-52t -S2t 19.5 
5 26 17 9.0§ 

6 13 7 -R.S 

7 23 16 -h 5 

8 26 17 4A§ 
9 39 12 3.0§ 

In IS 10 --5.5 
11 20 12 •8.5 

12 37 31 10.5 

I 1 27 19 -1_n 

1.1 15 11) 7 t) 

IS IS R '75 

16 21 IS 9 1 1 1

IS 10 4 7 IS In,rl 

19 II 6 -A  1.11-2.n1

'line interval trmcen htn.d ,ampler sas grneratl, twa necks or Irss; when ii was acne Than 
tsn woks, the cnhx shone repreaenta the midlalinl hrlween Itic lass negative mnlpk ansi fix 
rims positive sanpte. Only in salient 14 nos time sampling inter sal pnilnngal 122 wceksl. 

I'Anti•IR'y disappeared within the spe'cirrd iniervnl 
Idle l -tear .angdr was negative, the 114.1cer ran'rle was wcnkiv positive, and all talc, 

maniples were rynnas r' 

'I •o imrslir;atr Ili. rr'Ialion be-
tween the' specilie anti-lI(:V assay 
and the two currently employed 
surrogate assays (measuring ala-
nine anti notratisfl'rase levels ;rid 

N. arrti-Illic-), we exam ined the srrr-
1•e, rogatr-marker status of the anti-
Yes FICV-positive donors ('fable 4). In 
Ni, only 12 of the 15 anti-IiCV-posi-

tive donors had alanine amino-
transfcrase levels been nteasttrr(i 
lvhen they donated I)loocl; -1 hard 

elevated alanine a iii inot ran sferasr Iisl Is (33 per'('ent). 
fight of the I5 anti-1ICV-positive rlonr)rs were posi-
tive for anti-1113c (53 percent). 't'hr'ee was tlo donor 
with elevated alaulinc anrinotransli•rasr levels'.'. bo was 
not also anti-IlRc-positive, whereas there w,-i i' fi)ur 
anti-I113c-- positive donors who had normal alanine 
antinotransli•rasr levels. 

Overall, an anti-IiC\'-positive donor- was eletertrcl 
in 813 perr'rnt of the fillly eya Iii ahle cases o1' non-.\. 
non-I3 hepatitis. and 5:3 prrcrnt of the tinti-HCV--
positive donors would have hren excluded Ii'onl do-
nation by the sit 'rogate assay's, primarily that liar 
anti-H13c. 

DIs(:ussl(IN 

The cloning of the non-A, non-13 hepatitis went 
and the (1(5(1opment cif an assay to detect alit ihiidv 
against a major gene product of that agent '' bring to 
an end more than a dread(• of frustration among se-
rologists. In evaluating this :lss:ly, the first step was to 
test it against a coded pane•1 of pedigree'tl crnunl sanl-
ples that had been pm'. ed  to transmit non-.\, non-I3 
hepatitis infection to the chinlpanirl' . 'I he anti-iIC's' 
assay was the first test In chose reproducibly high setl-
silivity and 1(11) percent sprrilicily ni'ainst this pedi-
t;reed p:ul1'I, Islir•h has bcrltrlr 1114' st:llldard lit• ill(' 

evaluation of putative assacs (ilr the non-: \. nun -I) 
hepatitis ar ent." 

In (his study, we extrrld(-tl the t-pldrnliolingir (•valu-
ation of the autti-IIC\• lNNav using linked donor and 
recipient samples nhttiincd ill prospective clinches of 
I ralrlSfUminrl-:l smnrlale(I llepat it is. Becalm. dIr diagno-
sis of Iloll-A, loll-B hepatitis is often ('II1r1('ally irnpre-
cisr. we bt•lieyecl it essential first to delinl• the alnti-
II(:is' assay in a popillatirin that was itself well 
defined, nanu'iy those in whorl histellogic'ally (•on-
lirnted chronic non-A, non-I3 hepatitis deyelnpcd: in 
lilac of these cases (Patients 1. .3, 12, and 15) the 
rliai1111si5 was fin•ther confirnu'tl by transmission ex-
p-lillInls in the c'himpanaee. In this group of I.5 
patients with well-doclrnlrnted chronic hepatitis, all 
dt-nionsnatrd :ulti-HC:\' srrocooyrisiolt . Since there 
was nn 111111•t basis for patient selection l'x.'rpt lit,' cer-
tilinty of flit' rli:1s;rto.is of non-: \, non-13 hepatitis, 
Hs ahsolnte ronnllrlancr kcith a posiliyr anti-II(:\' 
assay is (111114' lettarkahle. hepatitis C virtu appears 
to be the primary cause oI chronic Ira rrsltl.sinn-ass-o-

---- •----- n t.,.. .1.: 
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Table 4. Anti-HCV and Surrogate Assays In Donors of Blood to 
Recipients in Whom Anti-HCV-Positive Post-transfusion 

Hepatitis Developed.* 

ANII.It('V SVRRUO.Sle.Msu,FR 
PATfF.MT No of POS,TIYF STATUS of ANTI lICV 

NO. Obsess IN—m PoSITIYF no i,,i 

ALT As,, -11Th, 

1 IS Yes No No 
2 IS Yes NT No 
3 13 Yes No No 
4 IS No 
5 16 Yes Yes Yes 
6 ii Yes Yes Yes 
7 15 Yes NT No 
8 21) Yes No Yes •. 
9 5 Yes Yes Yes 

io IS Vest No Yes 
No Yes 

11 S Not — —
12 19 No — 
13 2 Yes No No 
14 I1 Yes Yes Yes 
I5 14 Not — 
16 17 Yes NT No 
IS 4 Yes No No 
19 I1 Yes No Yes 

'ALT denotes alaninc aminmransrcrase. and NT and tested. 
has ami Iffy-pnitive rknuas acre ittealified. 
tune donor sample was unavailable for testing. 

We next tested five cases that were characterized by 
the rapid return of alaninc amiriotransferase values to 
normal. Although the rate of antibody response in 
these rapidly resolving cases was lower than that in 
the chronic cases (60 percent vs. 100 percent), it is 
apparent that the disease does not have to progress to 
chronic hepatitis for patients to manifest anti-IICV 
and that antibody can persist for long periods after 
recovery from a clinically acute episode of non-A, non-
B hepatitis (nine years or more in Patient 16). tilti-
ntately, anti-HCV disappeared in the 3 patients with 
resolving hepatitis, whereas it persisted in 14 of the 15 
with chronic hepatitis. 

']*here are many possible interpretations of the ab-
sence of anti-IUCV in cases clinically diagnosed as 
non-A, non-B hepatitis, whether acute or chronic. 
First, the case may have been misdiagnosed, and the 
alaninc atninotransferase elevations attributed by se-
rologic exclusion to non-A, non-Il hepatitis may have 
been due to nonviral hepatocellular inflammation or 
to a virus other than the hepatntropic viruses generally 
considered in the serologic-exclusion process. The 
likelihood of a misdiagnosis of non-A, non-B hepatitis 
increases when alaninc aminotranslcrase elevations 
are slight, transient, or hot Ii. Second, an iml)ortant 
potential cause of the inability to identify anti-I I( :V in 
cases that appear to he non-A, non-B hepatitis is inad-
equate sampling, particularly the absence of late sam-
ples. Seroronyersion is uniformly delayed and may not 
take place (or more than a year. It is critical to test 
samples taken over a prolonged period before conclud-

ing that a case of apparent non-A, non-B hepatitis is 
anti-I ICV-negative. Third, an apparent case of non-
A, non-B hepatitis may represent a cryptic form of 
hepatitis B infection in which the usual serologic 
markets are absent, as suggested by the finding of 
hepatitis B virus DNA in the liver and serum of pa-
tients who test negative for hepatitis B surface anti-
gen.12''1 Cryptic forms of hepatitis B infection m ay 
exist, but the high incidence of anti-H( 1V sr'rornnver-
sloll it' this study suggests that seronegative hepatitis 
B infection constitutes a very small segment of the 
diagnosed cases of non-A, non-B hepatitis. Fourth, 
cases of non-A, non-B hepatitis that are anti-IiCV-
negative renew speculation That them is a second 
non-A, non-B hepatitis agent . ' 'his has 1)ecn suggested 
by the occurrence of nitlltiplc cpisorles of non-A, 
non-B hepatitis in a single patient," h" cross-clal-
lenge studies in the chimpanzee,'" and by inac•tiva-
lion studies that distinguished a chlorohirnl-sensitive 
agent (hepatitis C virus) and a chloroform-insrnsitivi-
agent.  At this time, the existence of a second T1ci1-A, 

non-I; hellatills virus c'alltlnt be excluded, 6111 die tiara 
in this study suggest that if another virus exists, it 
accounts for only a small proportion of the cases of 
trartslilsinn-associated non-A, non-B hepatitis. The 
possibility ni a second non-A, non-B hepatitis agent 
can now lit • directly explored by applying reconihinaTit 
tcchnigucs similar to those That defined the hepatitis C 
virus. Finally, anti-Ili(:\ nil,;ilia r , Ilse•" may actually 
be due to hepatitis C virus, hilt they nrn not have an 
immune response detectable by the cmint first -gen-
eration assay. An antibody response below drlt't ihit-
levels may he more likely in acute, srlfliulited disease 
in which the hepatitis (: virus-related antigen nlay he 
only transiently present. The more frrglu•nt finding of 
anlihndy in cases of chronic as opposed to resolving 
non-A, non-B hepatitis may thus rrflrrt the persist-
ence of sufficient hepatitis C virus antigen to boost 
the ininiune response repeatedly. The potential that 
anti-hl( V-negative cases arc nonetheless hepatitis C 
virus-related can now be explored with use of the 
polyiTTc'rase chain reaction and in situ hybridization 
i ecl in lq lies. 

Sequential serum samples from prospectively fol-
lowed patients with non-A, non-B hepatitis indicated 
that the development of antibody was consi(lerably. 
delayed. This prolonged delay suggests that some 
donors capable of transmitting non-A, non-B hepatitis 
will not be detected by the anti-IICV assay. 'I'he adop-
tion of this assay will thus markedly diminish the inci-
dence of transfusion-associated non-A, non-B hepati-
tis, but it will not eliminate it. The' prolonged window 
period also suggests the nrcd to develop an assay for 
hepatitis C virus antigen, to increase the sensitivity of 
the antibody assay (perhaps with new epitopes), to 
explore molecular methods of viral detection. mid to 
continue to use the surrogate assays to detect hepatitis 
C virus carriers who are anti-HCV-nt'g;Iii" r. 

Tlie. data in this study indicate that anti -1I(:\' per-
sists once it develops, and we have don nnirnIt'd per-
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sistence for at least 12 years. However, we have also 

observed that antibody m ay disappear after a variable 
interval, particularly in patients who have rapid bio-
chemical resolution of their hepatitis. Whether those 
who have lost antibody arc still infectious remains 
open to question. The infectivity of patients who 
appear to have full clinical and biochemical recovery 

but who have persistent anti-HCV must also he ex-

plored. 

Studying the anti-IICV status of both donors and 

recipients allosccd us to predict the efficacy of this 

assay and evaluatr the relative eflicacy of the specific 
as compared with the surrogate assays. From our data 

we estimated that the routine application of this assay 

in donor screening would detect approximately 85 
percent of those capable of transmitting non-A, non-B 
hepatitis. The cases that are not prevented may be due 
to donors who are in the window period before sero-

conversion, donors who carry hepatitis C virtis but in 

whom antibody does not develop or who have lost the 

antibody, or donors who have other hepatitis agents. 

Examination of the surrogate-marker status of the 

anti-HCV-positive donors suggested that in the ab-

sence of the specific anti-I ICV assay, the adoption of 
surrogate assays by U.S. blood banks was proper; ap-

proximately 50 percent of the potential donors infect-

ed with hepatitis C virus have brett excluded by the 

alanine aminntransf(rase assay, the anti-I1Rc assay, 

or both. Ibis supports earlier predictions of a I-i) to 50 
percent reduction in the incidence of non-A, non-R 
hepatitis after the introduction of the surrogate as-
says.ltt.l l.f7,la Overall, the specific anti-i ICV assay has 

confirmed both the usefulness and the limitations of 
the surrogate assays. 

Measures taken to exclude donors who are at risk 

fur cxposure'tn the human inununodcflcicncy virus. 

the increased use of autologous blond, and the intro-

duction of surrogate assays have all served to diminish 

the risk of transfusion-transmitted hepatitis. '1'he com-
ing introduction of the anti-HCV assay should bring a 

further reduction iii this risk, and most important, a 
reduction in the long-terra consequences of this com-

mon blood-borne infection. 
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