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DETECTION OF ANTIBODY TO HEPATITIS C VIRUS IN PROSPECTIVELY FOLLOWED
TRANSFUSION RECIPIENTS WITH ACUTE AND CHRONIC NON-A, NON-B HEPATITIS

HARVEY J. ALTer, M.D., RoeerT H. PurceLL, M.D., James W. Sun, Pu.D.,
JacgueLive C. MerpoLper, M.T. (A.5.C.P.), MicHAEL HoucHToN, Pu.D,,
.7 Qur-Li Cuoo, Pr.D., AND GEORGE Kuo, Pu.D. . .

Abstract We measured antibody (anti-HGV) to hepatitis
C virus, which causes non-A, non-B hepalitis, by radioim-
munoassay in prospectively followed transfusion recipi-
enls 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 afier the onset of ciinical
hepatitis) and took approximalely one year in one patient.
Antibody has persisted in 14 of the 15 patients with chronic
disease (mean follow-up, =6.9 years; maximum, =12),
but has disappeared in the 3 with acute resolving disease
afler a mean of 4.1 years. Anti-HCV was detected in sam-

ON-A, NON-B hepatitis remains the most com-

mon serious consequence of blood transfusion.
Studies conducted before 1980 indicaied that the risk
of post-transfusion hepatitis was 7 to 12 percent.! Gur-
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 be 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 been elusive, but such a system has been reported
sirce the recent cloning of this agent,” now tentatively
designated the hepatitis C virus; both radioimmune
and enzyme-linked assays have been developed to de--
tect antibody {anti-HGV) to the protein expressed in
the cloning experiments.® We have evaluated the ra-
dioimmunoassay for anti-HCV,_ using “stored “blood
samples from prospective studies of transfusion-asso-
ciated hepatitis,*'° and the frequency with which hep-
atitis C virus was responsible for transfusion-associat-
ed non-A, non-B hepatitis, We also determined the
frequency with which an -anti-HGV-positive blood
donor could be identified in such cases and, by infer-
ence, the number of tases 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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ples 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 posilive for anti-
body lo the hepatitis B core antigen (anti-H8c).

We conclude that hepalitis 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 anli-HCV-—positive donors
involved in the transmission of hepatitis that we idenlified.
{N Engi J Med 1989; 321:1494-500.) : L

used by blood banks to reduce the transmission of
non-A, non-B hepatitis. ’
"METHODS
Enroliment and Foliow-up of Patients with Non-A, Non-B
Hepatitis Coeu S

"+ The conduct of the pro.spéctive studies from which the sarﬁplt-:s

used in the current study were derived has previously been de-
scribed.'? Basically, ail adult patients who underwent open-heart
surgery at the National Institutes of Health from 1973 to the present
were cnrofled if they had no evidence of preexisting liver disease,
had not received any transfusions in the previous six months, were
available for long-term postoperative blood sampling, and gave in-
formed consent. Blood samples were taken from the patients weekly
or biweekly for the first 3 months alter transfusion, monthiy for the
next 3 months, and then § to 12 months afier transfusion. Patients in
whom non-A, nonB hepatitis developed were placed on fong-term
follow-up, during which the intervai between samplings depended
on their ciinical course. Liver biopsics werc performed in mest pa-
tients in whom serum levels of alaninc aminotransfcrase remained -
elevated for more than one year. - :

Hepatitis was diagnosed il the alanine aminotransferasc fevel in
the recipicnt exceeded 2% times the upper limit of normal for our

" laboratory between 2 and 26 weeks after transfusion and was at least

twice the upper limit of norma on repeat sampling 1 or more weeks
tater.? Non-A, non-B hepatitis was diagnosed if other hepatotropic
viruses were excluded by serologic testing, il nonviral causes of
hepatoceiiular injury were excluded by conventionai clinical and
laboratory studies, and if the diagnosis was agreed on by an inde-
pendent review panch.'®

Selection of Sampies for Antibody Testing

For the current study, we selected from a total population of
70 paticnts found to have non-A, 'non-B hepatitis in carlicr prospec-
tive studics 15 paticnts in whosc diagnoses we had the most confi.
denec, on the basis of the magnitude of the clevation of alanine
aminotransfcrase jevels, the presence of characteristic Auctuat-
ing patterns in alaninc aminotransferasc fevels, the development of
chronic hepatitis jater confirmied by biopsy, and in 4 patients, docu-
mentation of non-A, non-B hepatitis by studies of disease trans-
mission among ehimpanzees. These 15 uncquivocal cases were com-

* pared with 5 less well defined cases in which an acute episode of
transfusion-associated non-A, non-B hepatitis appeared to resolve
spontancously. These sell-limited cases fulfilled the diagnostic
criteria for non-A, non-B hepatitis as defined in the prospective
studies, but they did not involve 8uctuations in alanine amino-
transferase levels, biochcmical evidence of chronicity, or docu-
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mentation of hepatitis on biopsy. All the patients had undergone
open-heart surgery and had received from 1 10 20 units of blood
{mean, 12). The results from 10 of the patients (9 with chronic
and | with acute disease) were partiaily described in a previous
rcport." .

Other than bias due to selection on the basis of the probabitity of
diagnosis of non-A, non-B hepatitis, there was no known selection
bias that might have influenced the probability of a positive anti-
HCV assay. The 20 patients seiceted did not differ significantly
from the 50 patients not setected in age (51.7 vs. 52.1 years), sex {65
percent vs. 68 percent male), the quantity of blood transfused (i1.9
vs. 13.4 units), or the frequency of chronic hepaiitis (75 percent vs.
77 percent). [ .

Testing of Donor and Recipient Samples

Al serum samples [rom donors and recipients were retrieved from ’

frozen storage at —20°C to —70°C. They were thawed al room
temperature, and an aliquot of cach sample was sent-under code to
Chiron Corporation, where they were tested for anti-HCV by radio-
immunoassay. A sample obtained before transfusion and samples
obtained 3, 6, and 9 to }2 months after transfusion’ were sent for
initial testing. I scroconversion was documented, ait available in-

tervening samples were sent for further testing to define more pre-

cisely the time of seroconversion. Alanine aminotransferase was
measured in most but not all donor samples at the time of donation,

s considered 1o be elevated if it exceeded 53 LU per liter, or

25 SD above the normal mean log alanine aminotransferase lev-
cl." All donor samples were tested for antibody to hepatitis B core
antigen {anti-HBc) by radicimmuncassay (CORAB, Abbott Labo-
ratories). . ' ’

‘lmcans‘of a kinetic assay with a biochemicai analyzer'®; the fevel

Radioimmunoassay for Anti-HCV

The assay for anti-HCV was performed as previously described ®
In essence, the cioned viral protein {C100-3) was purified from
recombinant yeast by breakage with giass beads, extraction of the
insoluble fraction with sodium dodecyl sulfate, removal of the sodi-
um dodecyl sulfate by acetone precipitation, and successive chgo-
matography on a Q-Sepharose column in 7 M urea and a Sephacryl
$-300 column in 0.} percent sodivm dedecyt suifate. The final puri-
ty of the C100-3 protein was more than 70 percent.

Table 1. Anti-HCV Seroconversion in Prospeclively Folowed Patients in Whom
Chronic Transfusion-Associated Non-A, Non-B Hepatitis Developed.*
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Microtiter plates {Immulon 2, Dynatech Laboratories) were
coated with 100 ng of C100-3 and incubated with 100 p! of serum
{dituted 1:100) for one hour a1 37°C. Bound antibody was detected
by a second incubation with '*]-labeled sheep antihuman immuno-
globulin {Amersham). AH the assays were run in duplicate. A radio-
activity count more than 3 SD above the mean for negative controls

was considered a positive reaciion for anti-HCV.

REsULTS

Characteristics of Patlents and Frequency of Anti-HCV
Seroconversion .

Table | shows the dcmogllaphic data and clinical

" 2nd histelogic outcomes of the 15 patients with well-

characterized chronic transfusion-associated non-A,
non-B hepatitis, in relation to.their anti-HCV anti-
body status before and after transfusion. The mean
age of the patients was 51.8 years, and only 27 percent
were less than 50 years old; 67 percent were men. The
mean duration of the elevation of serum alanine
aminotransferase concentrations was greater than or
equal to B years {range, =1 to Z13). When the alanine
aminoiransferase level was constantly or intermit-
tently elevated for more than one year, chronic nén-A,
non-B hepatitis was considered to have developed.
The presence of chronic hepatitis was confirmed by
liver biopsy in each of the 14 patients who underwent
this procedure. Of these 14, 3 {21 percent) had chron-
ic persistent hepatitis, 7 (50 percent) had chronic ac-
tive hepatitis, and 4 (29 percent) hiad cirrhosis.

Each of the 15 patients with chronic hepatitis was
negative for anti-HCV before transfusion, and all be-
came positive at varying times after transfusion (see
below). Seroconversion to anti-HCV was preceded by
negative results on testing of multiple samples for
anti-HCV (Fig. | through 3) except in a few patients,
in whom the earliest post-transfusion samples were
positive because of passive transfer
of antibody from donors with high
antibody levels.

Table 2 shows similar data for
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R Rl the five patients with non-A, non-B
No. Ace/Sex ACUTE Puase ChaoNIC PHASE vERsion hepatitis that resolved spontane-
onsET FEAK . PEAR uves ously within the first year after - ®
(WEEKS AFTER AT BLLIRUBIN DURATION RISTOLOGIC - . - -
. TransFusioN)  (IUfeer)  (gecoobliter) tyn) FEATURES transfusion. When the patiénts with &
. em 10w s1 =3 Cad ve  reapidlyresobing A e o "
2 &M e o10 ‘54 o CAH s pared with those with chronic dis- ;
. 3 R 6 58 139 0% cPH Yes ease, their mean incubation periods 1
1 S4F 9 768 © 103 8 CPH Yes to- the onset of hepatitis were 6.4 ~ j,
[ TIM 9 421 1. >10t  CAHR/cirhosis Yes weeks and 7.3 weeks, respectively, i
/ 6 20M 6 678 137 . =9 CAH Yes their mean peak acute-phase ele-
} 7 SSIF 7 434 13.9 >12 - CAH Yes vations of alanine aminotransfer- :
3 ! 33M 9 450 1009 6t  CAHicinhosis . Yes ase were 1354 IU per liter (range,
' -2 B3R ? 1200 1539 4 CAWicinhosis  Yes 287 1o 2322) and 806 IU per liter
o 62M 5 525 2.0 =7 CAicirhosis Yes (range, 421 to 2112}, and the pro- ]
- o ;s o 7 ? CPH Yes portions of patients with icterus K
a2 OM 6 232 106.0 =12 CAH Yes ]
13 IF " <5 774 1 No biopsy Yes were 60 percent and 27 percent. L
e 63M 3 1600 1436 p Al Yes The mean duration of the elevation I -
15 55M "9 88 205 4 CAH Yes of alanine aminotransferase in the

patients with resolving hepatitis
was 8.2 weeks {range, 2 to 15). Se-
roconversion to anti-HCV occurred
in only 3 of the 5 patients with re-

*ALT denoces alanine aminotrensferase, CAH chronic active hepatitis, CPH chronic persistent hepatitis, and CA H/cirrho-
sis CAH on initiad hiopsy and cirrhosis on laizr biopsy.
fy tPaticmt dicd of canses unrelxted 1o lives disease.
i $Patiem died of causes directly or indircedy related 1o liver disease.
»
s
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L 1500 15 inonths after it was first detected
. 1400 and 29 to 31 months after transfu-
| 1300 sion (Fig. 3). A diagnosis of chronic
| 1200 persistent hcpatitis was made by
L 1100 histologic examination, and alanine
L 1000 aminotransferase concentrations
L 00 were intermittently elevated at low

levels {peak, 118 1U per liter) after
. anti-HCV was no longer detected;
during subsequent follow-up, no al-
anine amijnotransferase value ex-

ceeded 59 1U per liter, and many.

Alanine Aminotransferase
{1UAiter)

Anti-HCV on Radioimmunoassay

6,000 L 300 values were in the normal range.’
4,000 - L 200 In contrast to the persistence of
2,000 L 100 antibody in the majority of patients

Weeks -

Figure 1. Serial A!aniHe Aminotransferase and Anti-HCV Levels in Patient 2, Demon-
strating the Characteristic Long interval between Transfusion and the First Appear-

ance of Detectable Antibody.

The shaded area shows ihe level of alanine aminotransferase, and the heavy line anti- -
HCV. The horizontal lines show the uppes limits of normal for alanine aminotransferase
(ALT) and anti-HCV on radioimmuncassay (RIA). The arrow represents the onset of
hepatitis. The interval between expesure 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 afanine aminotransierase 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 with chronic disease.

L]
interval to Anti-HCV Seroconversion and Duraticn of
Antibody Response

The interval from the date of transfusion to the date
when the first sample with a detectable level of anti-
HCV was obtained is shown in Table 3. I no anti-
HC V-negative sample was obtained within two weeks
of seroconversion, the interval shown represents the
midpoint between the last negative sample and the’
- first positive sample. Thus calculated, the mean inter-
val to seroconversion in patients in whom anu-HCV
developed (except Patient 4) was 21.9 weeks (range,
10 to 39). The mean interval from the onset of hepati-
tis to anti-HCV seroconversion was 15 weeks (range, 4
t0 32). In Patient 4 séroconversion occurred more than,
one year after transfusion, but the absence of serial
samples at that time precluded the precise measure-
ment of the interval to seroconversion. 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-HCV was related to her pre-
vious blood transfusion. . - L -

The antibody has persisted throughout follow-up in
all the patients with chronic hépatitis 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 (range, 14 months to =12 years). In one
patient who appéared to have chronic disease (Patient
3), the antibody became undetectable between 13 and

b3
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with chronic disease, antii-HCV
disappeared in ¢ach of the three pa-
tients with clinically resolving hep-
atitis who had had anti-HCV sero-
conversion. One of these patients
(Patient 16) recovered from a se-
vere episode of non-A, non-B hepa-
titis (peak alanine aminotransferase
level, 1506 TU per liter; bilirubin
level, 184.7 wmol per liter) within
15 weeks of onset. Although ala-
nine aminotransferase values in
multipie samples were normal’
thereafier, anti-HCV persisted for 9
years, only to disappear between
the 9th and the 11th year. In two patients with resolv-
ing disease (Patients 18 and 19), anti-HCV disap-’
peared in less than }% and 2 years, respectively
(Table 3).

Patterns of Antibody Response

Representative patterns of the anti-HCV response
in patients with chronic hepatitis are shown in Figures
1 through 3. Patient 2 (Fig. 1) had a typical delayed
response, in which the antibody was not detected until

_ 90 to 22 weeks after exposurc and 14 to 16 weeks after

the onset of hepatitis. Once the antibody was present,
its level rose to a platean, which persisted for more
than 10 years. The alanine aminotransferase levels
showed the fluctuating pattern typical of non-A, non-

) B hepatitis.

The course of Patient 10 (Fig. 2) exemplifies the

pattern of passive- antibody transfer. Radioactivity
. counts reached 13,000 cpm (2.6 times the upper limit

_of normal) in the first sample obtained after transfu-
sion and then returned to base line over the next five
weeks; commensurate with the half-life of IgG and
with the presence of high levels of antibody (20,425

" cpm, or 4 times the upper limit of normal) in one

donor. Active antibody formation was first detected

14 weeks after transfusion. The anti-HCV level then

‘Auctuated over the next 10 weeks; there was no corre-
lation between the fluctuations in alanine aminotrans-

ferase levels and those in anti-HCV levels. The patient

has remained anti-HCV-positive for 5% years. .. -

The course of Patient 3 (Fig. 3) illustrates the same

L{fj— :
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Figure 2. Passive Transfer of Anti-HCV to Patient 10 from a Donor with a High Levet of

. 7 Antibody.
The shaded aréa shows the level of alanine aminotransferase, and the

. CV. The horizontai lines show the upper limits of normal for alanine aminotransierase
LT} and anti-HCV on radioimruncassay (RIA). The arow 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 detectable
antibody 7 weeks. The donof tested positive for anti-HCV (20,425 cpm), The passive
antibody had a typical course of decay for IgG, which was followed by the fqrmation of
active ant-HCV beginning 13 weeks after transfusion. Anti-HCV has peérsisted in this
years. Note that the fluctuations in radicactivity. counts

pafient for more than 5% 1
{performed on the same run) did not correspand to the fluctuations in
' translerase levels.

poirits about delayed detection of antibedy (19 to 21
weeks after transfusion, or 9 to 11 weeks afier the onset
of hepatitis) as that of Patient 2, but also demon-
strates the loss of detectable antibody after it had per-
sisted for approximately one year.
The antibody became undetectable
betweeii the 13th and 15th month
after transfusion, and many sam-
ples obtained thereafter have re-
mained negative {>7 years).
Transiént He'pat;tls )
. " In two patients with resolving
hepatitis (Patients 17 and 20), anti- ..
HGV did not develop. In Patient 17
the alanine aminotransferase level
had a very sharp spike {1740 1U per
liter), and he had abnormal values
for only two weeks. The interval be- .
fore the elevation of the alanine
aminotransferase level (nine weeks)
was typical of the incubation peri-
od of non-A, non-B hepatitis and
was accompanied by a mild eleva-
tion in the bilirubin level (4] pmol
per liter), malaise, anorexia, and
nausea. There was no other obvious
explanation for the symptoms and
the transient rise in the alanine
aminotransferase level, .
Patient 20 had a peak alanine

Anti-HCV on Radiolmmunoassay
(cpm).

TR
c 24

detectable antibody

THE NEW ENGLAND JOURNAL OF MEDICINE

8 10 12 14 16 18.20 22 24 26 28 30 32 34"

1497

aminotransferase concentration of
only 287 1U per liter with the onset

1500
- 1400

- 1300 at week 7 after transfusion; abnor:
-1200 9 mal values persisted for only six
1100 & weeks. There were no associated
1000 2 symptoms that suggested viral hep-
- 600 %‘g atitis, no hepatotoxic medications
- 800 £ were taken, no serologic evidence
- 700 Eg " of infection with other hepatotrop-
[ 60 o ic agents’ existed,” and there was
[ 500 = no obvious nonviral cause for the
400 2 - . -

abnormal alanine aminotransferase
~values, o '
Except for the short period of
abnormal alanine aminotransferase
Jlevels (less than six weeks), there
was no consistent clinical or bio-
chemical distinction between the
two resolving cases in which ants-
HCV failed to develop and the
three cases in which it did {Table
2). Anti-HCV—positive donors were
found in all three transient anti-
HCV-positive cases (Table 4) and
in neither anti-HCV-negative case.
. Neither the incubation period
nor the peak alanine aminotrans-
alanine aminy ferase or bilirubin 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 episode,
as manifested by higher mean alanine aminotrans-

36

heavy line anti-

Alanine Arinotransfarase- -
(HJAitar)

1234587
Years

6 6 1012 14 16 16 20 22 24 26 28 30 32 3436 38
Weeks

Figure 3. Sez;ial Alanine Aminotransferase and Anti-HCV Determinations in the Only

Patient {No. 3) with a Diagnosis of Chronic Hepatitis in Whom Antibody was Not

Persistent.

Thé shaded area Shows the level of alanine aminotransferase, and the heavy line anti-
HCVY. The horizontal lines show the upper limits of normal for alanine aminotransferase
{ALT) and anti-HCV on radioimmunoassay (R1A), The arrow represents the onset of
hepatitis. The interval between exposure and the appearance of getectabte antibody
was 19 to 21 weeks, and beiween the onset of hepatitis and the appearance of

9 10 11 weeks. A sample taken 13 months after transfusion was

anti-HCV—positive, whereas a sample taken after 15 months and al! subsequent sam-

ples for 10 years were anti-HCV-negative.
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Table 2. Anti-HGV Seroconversion in Prospectively Followed Patients with Acute Re-
. solving Transfusion-Associated Non-A, Non-B Hepatitis.
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To investigate the relation be-
tween the specific anti-HCV assay

and the two currently employed

PamienT * ONSET (WEEKS PEAK ALT  Peax Briumin  Dumanow " ANTIHCY .
No. AGESEX  ASTER TRANSFUSION) (U liLery* (molilizer} (wk} SEROCONVERSION SurrOgalc assays (measunng ala-
6 s p 1506 1847 5 Yes . mn;;gunotransfcras.c levels and
" M ° 1740 a0 3 No anti-HBc), we examined the suf-
18 25/F 6 915 15.4 " Yes rogate-marker status of the anti-
9 4F 5 2327 136.8 1 Yes HCV-positive donors (Table 4), In
0 SUM 6 287 6.8 6 No only 12 of the 15 anti-HCV-posi-

*ALT denotes alanine aminotransierase.

ferase levels z_md- more frcﬁucnt icterus (Tables 1 -
and 2). : : ’ )

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

Table 4 shows the anti-HCV and anti-HBc status
and alanine aminotransferase levels of the donors
of blood to the 18 recipients who demonstrated
anti-HCV seroconversion. Among the 18 recipients,
an anti-HCV-positive donor was detected for 14 (78
percent}; 1 patient received blood from two ant-
HCV-positive donors. In two of the four recipients
for whom no anti-HCV-positive donor was detected,
a sample from one of their donors was unavailable
for testing. Thus, in only 16 cases could we fully ana-
lyze the status of both the donors and the recipi-
ents, and an anti-HCV—positive donor was detected in
14 of them (88 percent).

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

TRANSFUSION= OnsET- DURATION OF

PaTient SEROCONVERSION SEROCCONVERSION ANTI-HCV
No. INTERVAL InTERVAL RESPONSE

wk w
‘1 15 5 . =10
2 2] 16 >10.5
3 16 10 >13-15 mot’

4 >52% RRRS. 73 =95
5 26 . 17 9.0%
6 13 1 ‘=85
7 23 . 16 =6.5
8 2 17 4.0§
9 39 32 . 3.0§
10 N ] 10 =55
11 : T TR ' =B.5

12 37 | . . =105 .
13 27 g ' 210
14 8 30 N 1]
15 R - 8- 27.5
6 21 . 15 B

18 10 . 4 : >7-18 mot

19 1) .6 >1.0-2.0t

*The intcrval between blood samples wns;':ncuny two weeks of less; when it was more than
two weeks, the valoe shown repeesents the midpoint between the last negative szmple and the
first poditive sample. Only in Paticnt 14 was the sampling interval prolonged (22 weeks).

tAR-HCY disappeared within the specified interval. . : i

$The I-year sample was ncgative, the 1%2-year sample was weatly positive, 'and alt Iater
samples were pas'n_ivm .o - .

#Paticnt died.

tive donors had alanine amino-
transferase levels been measured
when' they donated blood; 4 had
elevated-alanine aminotransferase levels (33 percent),
‘Eight of the 15 anti-HCV-positive donors were posi-
tive for anti-HBc (53 percent}. There was no donor
with elevated alanine aminotransferase levels who was
not also anti-HBe~positive, whereas there were four
anti-HBc—positive donors who had normal alanine
aminotransferase levels. oo
_ Overall, an anti-HCV-positive donor was detected.
in 88 percent of the fully evaluable cases of non-A,
non-B hepatiiis, and 53 percent of the anti-HCV-
positive donors would have been excluded from do-
nation by the surrogate assays, primarily that for
anti-HBec. T S

DiscussioN

and the development of an assay to detect antibody
against a major gene product of that agent”® bring to
an end more than a decade of frustration among se-
rologists. In evaluating this assay, the first step was to
test it against a coded panel of pedigreed serum sam-
ples that had been proved to transmit non-A, non-B
hepatitis infection 1o the chimpanzee.” The anti-HGV
assay was the first test to show reproducibly high sen-
sitivity and 100 percent specificity against this pedi-
greed panel, which has become the standard for the
evaluation of putative assays for the non-A, non-B
hepatitis agent.® o o

In this study, we extended the epidemiologic evalu-,
ation of the anti-HCV assay using linked donor and
recipient samples obtained in prospective studies of
transfusion-associated hepatitis. Because the diagno-
sis of rion-A, non-B hepatitis is often clinically impre-
cise, we believed it essential first to define the anti-
HCV assay in a population that was itsell well
defined, namely those in whom histologically” con-
firmed chronic non-A, non-B hepatitis developed; in
four of these cases (Patients 1, 3, 12, and 15} the
diagnosis was further confirmed by transmission ex-
periments in the chimpanzee. In this group of 15
patients with well-documented chronic hepatitis, all
demeonstrated anti-HCV seroconversion, Since there
was no other basis for patient selection except the cer-
tainty of the diagnosis of non-A, non-B hepatitis,
its absolule concordance with a positive anti-HCV.
assay is quite remarkable, Hepatitis C virus appears
to be the primary cause of chronic transfusion-asso-'

ciated non-A, non-B hepatitis. . . it

i
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Table 4. Anti-HCV and Surrogate Assays in Donors of Biood o
Recipients in Whom Anti-HCV-Positive Post-transfusion .
Hepatitis Developed.* :

ANTLHCV= - SURROGATE-MARXER

PATIENT No. of PouTive S7aTUS OF ANTI-HCV-
No. . DoNoss DoNok Positive Donok

: o ALT | ammiHBe
i 8 - Yes B Y "No
2 18 " Yes " NT No
3 13 T Yes. . No No
4 I8 " No - H— -
5 i6 ’ Yes Yes Yes
6 11 Yes Yes h Yes
7 15  Yes NT Mo
8 20 Yes Ne ’ Yes
9 5 Yes 7 Yes " Yes
" 10 15 Yest 7 Mo [ Ye
_ i ) No Yes
n 5 Not —_ —_
12 9 No — —_
i3 2 . Yes No Ne
- 14 ' 13 Yes Yes Yes
15 14 . No3 b — —_
16 17 Yes NT No
18 4 Yes ' No No
19 13 Yes No Yes

» ALT denoles alanine aminotransferase, and NT not tesied.
1Twa anti-HCV—positive donors were identified.
$Ome donor saimple was usavailable for testing.

We next tested five cases that were characterized by
the rapid return of alanine aminotransferase 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-HCV
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). Ult-
mately, anti-HCV disappeared in the 3 patients with
resolving hepatitis, whereas it persisted in 14 of the 13
with chronic hepatitis. o }

There are many possible interpretations of the ab-
sence of anti-HCV in cases clinically diagnosed as
non-A, non-B hepatitis, whether acute or chronic.
First, the case may have been misdiagnosed, and the
alanine aminotransferase elevations attributed by se-
rologic exclusion to non-A, non-B hepatitis may have
been due 1o nonviral hepatocellular inflammation or
to a virus other than the hepatotropic viruses generally
considered in the serologic-exclusion process. The
likelihood of a misdiagnosis of non-A, non-B hepatitis
increases when alanine aminotransferase elevations
are slight, transient, or both. Second, an important
potential cause of the inability to identify anti-HGV in
cases that appear to be non-A, non-B hepatitis is inad-
equate sampling, particularly the absence of late sam-
ples. Seroconversion is uniformly delayed and may not
take place for more than a year. It is critical to test
samples taken over a prolonged period before conclud-
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ing that a case of apparent non-A, non-B hepatitis is
anti-HC V-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
markers 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.'213 Cryptic forms of hepatitis B infection may

exist, but the high incidence of anti-HCV seroconver-
ston in 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-HCV-
negative renew speculation that there is a second
fion-A, non-B hepatitis agent. This has been suggested
by the occurrence of: multiple episodes of non-A,
non-B hepatitis in a single patient,' by cross-chal-
lenge studies in the chimpanzee,' and by inactiva-
tion studies that distinguished a chloroform-sensitive

agent (hepatitis C virus) and a chloroform-insensitive -

agent.'® At this time, the existence of a second non-A,
non-B hepatitis virus cannot be exciuded, but the data
in this study suggest that if another virus exists, it
accounts for only a small proportion of the cases of
transfusion-associated non-A, non-B hepatitis. The
poss‘lbility of a second non-A, non-B hepatitis agent
can now be directly explored by applying recornbinant
techniques similar to those that defined the hepatitis G
virus. Finally, anti-HCV-negative cases may actually
be due to hepatitis C virus, but they may not have an
immune response detectable by the current first-gen-
eration assay. An antibody response below detectable
levels may be more likely in acuie, self-limited disease
in which the hepatitis C virus—related antigen may be
only transiently present. The more frequent finding of
antibody in cases of chronic as opposed to resolving
non-A, non-B hepatitis may thus reflect the persist-
ence of sufficient hepatitis C virus antigen to boost
the immune response fepeatedly. The potential that
anti-HCV-negative cases are nonetheless hepatitis C
virus—related can now be explored with use of the
polymerase chain reaction and in situ hybridization
techniques, . S .

Sequential serum samples from prospectively fol-
lowed patients with non-A, non-B hepatitis indicated-
that the development of antibody was considerably
delayed. This prolonged delay suggests that some
donors capable of transmitting non-A, non-B hepatitis
will not be detected by the anti-HCV assay. The 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 need to develop an assay for
hepatitis G virus antigen, to increase the sensitivity of
the antibody assay (perhaps with new epitopes}), to
explore molecular methods of viral detection, and to
continue to use the surrogate assays to detect hepatitis
C virus carriers who are anti-HCV-negative.

The data in this study indicate that anti-HCV per-
sists once it develops, and we have documented per-
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sistence for at least 12 years. However, we have alse
observed that antibody may disappear after a variable
interval, particularly in paticnts who have rapid bio-
chemical resolution of their hepatitis. Whether those
who have lost antibody are 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 be ex-

plored. :

Studying the anti-HCV status of both donors and
recipients allowed us to predict the efficacy of this
assay and evaluate the relative efficacy of the specific
as compared with the surrogate assays. From our data
we estimated that the routine application of this assay .

in doner screening would detect approximately 83

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, danors who carry hepatitis C virus but in
whom antibody does not develop or who have lost the
antibody, or donors who have other hepatitis agents.
Fxamination of the surrogate-marker status of the
anti-HCV-positive donors suggested that in the ab-
sence of the specific anti-HCV 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 G virus have been excluded by the
alanine aminotransferase assay, the anti-HBc assay,
or both. This supports earlier predictions of a 40 to 50
percent reduction in the incidence of non-A, non-B
hepatitis after the introduction of the surrogate as-
says. %L Overall, the specific anti-HCV assay has
confirmed both the usefulness and the limitations of
the surrogate assays. ’
Measures taken to exclude donors who are at risk
for exposure to the human immunodeficiency virus,
the increased use of autologous blood, and the intro-

"~ duction of surrogate assays have all served to diminish

the risk of transfusion-transmitted hepatitis. The com-
ing introduction of the anti-HGV assay should bring a
further redurction in this risk, and.most important, a
reduction iy the. fong-term consequences of this com-
mon blood-barme: infection. : ]
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