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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
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Jacouerine C. Merporner, M.T. (A.S.C.P.), Micnaer. Houcuron, Pu.D.,
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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, =6.9 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-

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

mon serions consequence of blood transfusion.
Studies conducted before 1980 indicated that the risk
of post-transfusion hepatitis was 7 to 12 p('r('('nl.‘ 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 be causally associated with
hepatocellular carcinoma “and is a frequent cause of

Y

community-acquired (sporadic) hepatitis,” a nonper-
cutancously 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
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-
tect antibody (anti-HCV) 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-HCV-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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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 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 Engl J Med 1989; 321:1494-500.)

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

Mernons

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

The conduct of the prospective studies from which the samples
used in the current study were derived has previously been de-
seribed ™' Basically, all adult patients who underwent open-heart
surgery at the National Institutes of Health from 1973 to the present
were enrolled if they had no evidence of preexisting liver discase,
had not received any transfusions in the previons six months, were
available for long-term postoperative blood sampling, and gave in-
formed consent. Blood samples were taken from the patients w cekly
or hiweekly for the first 3 months after transfusion, monthly for the
next 3 months, and then 9 to 12 months after transfision. Patients in
whom non-A, non-B hepatitis developed were placed on long-term
follow-up. during which the interval between samplings depended
on their elinical course. Liver biopsics were performed in most pa-
tients in whom serum levels of alanine aminotransferase remained
elevated for more than one year,

Hepatitis was diagnosed il the alanine aminotranslerase level in
the recipient exceeded 2%z times the upper limit of normal for our
laboratory between 2 and 26 weeks after transfusion and was al least
twice the upper limit of normal on repeat sampling I or more we cks
later.” Non-A, non-B hepatitis was diagnosed il other hepatotiopic
virnses were excluded by serologic testing, if nonviral causes ol
hepatocellular injury were excluded by conventional clinical and
laboratory studies, and il the diagnosis was agreed on by an inde
pendent review |1:\n('|,'"

Selection of Samples for Antibody Testing

For the current study, we selected from a total population of
70 patients found to have non-A, non-B hepatitis in carlier prospec-
tive studies 15 patients in whose diagnoses we had the most confi-
dence, on the basis of the magnitude of the elevation of alanine
aminotransferase levels, the presence of characteristic fluctnat-
ing patterns in alanine aminotransferase levels, the development of
chronic hepatitis later confirmed by biopsy, and in 1 patients, docu
mentation of non-A, non-B hepatitis by studies of disease trans-
mission among chimpanzees. These 15 unequivocal cases were com
pared with 5 less well defined cases in which an acute episode of
transfusion-associated non-A, non-B hepatitis appeared 1o resolve
spontancously. 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 fluctuations in alanine amino-
transferase levels, biochemical evidence of chronicity, or docn-
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mentation of hepatitis on biopsy. All the patients had undergone
open-heart surgery and had receivedsfrom 1 to 20 units of blood
(mean, 12). The results from 10 of the patients (9 with chronic
and 1 with acute disease) were partially described in a previous
l('lll‘l' o

Other than bias duc to selection on the basis of the probability 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 selected did not differ significantly
from the 50 patients not selected in age (51,7 vs. 52.1 yeirs), sex (65
percent vs. 68 percent male), the quantity of blood transfused (11,9
vs. 134 units), or the frequency of chronic hr'p.lliliﬂ (75 pereent vs
77 pereent).

Testing of Donor and Recipient Samples

Al serum samples from donors and rec ipients were retrieved frean
frozen storage at —20°C to —70°C. They were thawed atl room
temperature, and an aliquat of each 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 12 months alter transfusion were sent for
initial testing. Il seroconversion was documented, all available in
tervening samples were sent for further testing to define more pre-
cisely the time of seroconversion. Alanine aminotransfer

SCwas
measured in most but not all donor samples at the time of donation,
by means of a kinetic assay with a biochemical analyzer™ the level
was considered 1o be elevated if it exceeded 53 U per liter, or
2.25 SD above the normal mean log alanine aminotransferase lev-
el.'"" Al donor samples were tested for antibody to hepatitis B core
antigen (anti-HBe) by radioimmunoassay (CORAB, Abbott Labo-
ratories).

Radioimmunoassay for Anti-HCV

T'he assay for anti-HOV was performed as previonsly described .
In essence, the cloned viral protein (C100-3) was purified from
recombinant veast by breakage with glass beads, extraction of the
insoluble fraction with sodium dodecyl sulfate, removal of the sodi-
um dodecyl sulfate by acetone precipitation, and suceessive chro-
matography on a (_2—\'1"\]151”1\!' colummn in 7 M urea and a Sephacryl
S-300 column in 0.1 pereent sodinm dodecy! sulfate. The final puri-
ty of the C100-3 protein was more than 70 pereent,

Table 1. Anti-HCV Seroconversion in Prospectively Followed Patients in Whom
Chronic Transfusion-Associated Non-A, Non-B Hepatitis Developed.*
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Microtiter plates (Immulon 2, Dyvnatech Laboratories) were
coated with 100 ng of C100-3 and incubated with 100 ! ol serum
(diluted 1:100) for one hour at 37°C. Bound antibody was detected
by a second incubation with "*I-Labeled she ep antihuman immuno
globulin (Amersham). All the assavs were ran in duplicate. A radio
activity count more than 3 SD above the mean for negative controls
was considered a positive reaction for anti-HOGV

Resurrs

Characteristics of Patients and Frequency of Anti-HCV
Seroconversion

Table 1 shows the demographic data and clinical
and histologic 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 pereent
were less than 50 vears old: 67 percent were men. T'he
mean duration of alanine
aminotransferase concentrations was greater than or
cqual to 8 years (range, =1 (0 =13). When the alanine
aminotransferase level was constantly or intermit-
tently elevated for more than one vear, chronic non- A,
non-B hepatitis was considered to have developed.
The presence of chronie hepatitis was confirmed by
liver biopsy in cach of the 11 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) had cirrhosis.

Each of the 15 patients with chronic hepatitis was
negative for anti-HCV hefore 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. 1 through 3) exceptin a few patients,
in whom the earliest post-transfusion samples were

the elevation of serum

positive because of passive transfer
ol antibody from donors with high
antibody levels.

= Table 2 shows similar data for
the five patients with non-A, non-B

Parine SEROCON ..

No AGESEN ACUTE Piast Crronic Priast VERSION hepatitis that resolved spontane-
ONsEY A PEAK LIVER ously within the first vear after

(WEEKS AFTIR ALT MLIRURIN DURATION HISTOLOGI R A 5 i ‘e . . .
TRANSTUSION)  (U/Titer)  (emoliter) (y1) VEATURES translusion. When the patients with
rapidly resolving discase were com-

1 61/M 10 978 5.1 -13 CAl Yes S . L.
pared with those with chronic dis-

2 46M s 610 15.4 -1 CANll Yes hei : ot o]
rase « | int ( ation periacls

3 S £ B 13 - e Vs case, their mean incu ation ”('
4 SUF 9 768 10.3 8 P Yes to the onset ol hepatitis were 3.4
5 7UM 9 421 17.1 10t CAH/eirthosis Yes weeks and 7.3 weeks, respectively,
6 20M 6 678 13.7 -9 CAN Yes their mean peak acute-phase ele-
SSIF 7 134 13.7 -12 CAH Yes vations of alanine aminotransfer-
8 53M 9 150 100.9 *6F  CAHcirthosis Yes ase were 1351 1U per liter (range,
9 63/F 7 1200 153.9 4 CAlWcithosis Yes 287 to 2322) and 806 TU per liter
10 G2 3 525 12.0 "7 CAHlcirrhosis Yes (range, 421 to 2112), and the pro-

25/N 505 7 7 P . . . . .
” e ) it s fer portions ol patients with icterus
12 60/M 6 2112 106.0 =12 CAH Yes . 07

. " were 60 pereent and 27 pereent.

12 35/F 8 555 27.4 > No biopsy Yes T | . (1l I i

s e : e clev:

4 63IM 2 1600 - 5 CAH - he mean duration of the « vation
15 S5 7 185 205 " Yes of alanine aminotransferase in the

CAH

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

*ALT denotes alanine aminotransterase, CAH chronic active hepatitis, CPH chronic persistent hepatitis, and CAZcircho
siv CATEon initial biopsy and cierhosis on later hiopsy

fPatient dicd of causes unrelated 1o liver disease

EPatient died of causes dircetly or indirectly related 1o liver disease
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30,000 4 1500 15 months alter it was hirst detected
> 28,000: - 1400 and 29 to 31 months after transh-
% 26.0005 1300 sim{(l"ig. 3). A diagnosis ol chronic
o 24,000 1200 & persistent hepatitis was made by
£ 22,000 4 1100 © histologic examination, and alanine
E 20,000: 1000 E’ aminotranslerase  concentrations
% = 18.0005 900 £ 3 were intermittently elevated at low
é g_ 16,000 800 gg levels (peak, 118 TU per liter) after
£ 14,0001 700 E=2 anti-HCOV was no longer detected:
£ 12'000; 600 : - during subsequent follow-up, no al-
> 10,000 500 S anine aminotransferase value ex
% 8,000 - 3 400 § ceeded 59 TU per liter, and mam
=z 6,000 ] i 300 < values were in the normal range,
£ 4,000 1 200 In contrast to the persistence ol

2,000 447 100 antibody in the majority of patients
e B, 2 B e R R P with chronic discase, ant-HOV
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 disappeared in cach of the three pa-

Weeks

Figure 1. Serial Alanine 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 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 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 aminolransferase paltern 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.

Interval to Anti-HCV Seroconversion and Duration of
Antibody Response

The interval rom the date ol translusion to the date
when the first sample with a detectable level of anti-
HCV was obtained is shown in Table 3. If no anti-
HCV-negative sample was obtained within two wecks
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 anti-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
to 32). In Patient 4 seroconversion 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-HCGV 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 (range, 14 months to =12 years). In one
patient who ;lp;;(-:n'ul to have chronic discase (Patient
3), the antibody became undetectable between 13 and

tients with clinicallv resolving hep-
atitis who had had anti-HO\ sevo-
conversion. One ol these patients
(Patient 16) recovered from o se-
vere episode ol non=A, non-B hepa-
titis (peak alanine aminotransferase
level, 1506 TU per liter: bilivubin
level, 184.7 pmol per liter) within
15 weeks ol onset. Although ala-
nine aminotransferase values in
multiple samples were normal
thereafier, anti-HO\ persisted for 9
vears, only to disappear between
the 9th and the THth year, In two patients with resolv-
ing discase (Patients 18 and 19), anti-HCN disap
peared in less than 14 and

(‘Table 3).

2 years, respectively

Patterns of Antibody Response

Representative patterns of the anti-TTCN vesponse
in patients with chronic hepatitis are shown in Figines
I through 3. Patient 2 (Fig. 1) had a tvpical delaved
response, in which the antibody was not detected until
20 10 22 weeks after exposure and 1o 16 weeks after
the onset of hepatitis. Once the antibody was present.
its level rose to a platcan, which persisted for more
than 10 years. The alanine aminotransferase levels
showed the fluctnating pattern typical of non-A, non-
B hepatitis.

The course of Patient 10 (Fig. 2) exemplifies the
pattern of passive antibody transfer. Radioactivin
counts reached 13,000 cpm (2.6 times the upper limit
of normal) in the first sample obtained alter transhi-
sion and then returned to hase line over the next five
weeks, commensurate with the half-life of TaGoand
with the presence of high levels of antibody (20,125
cpm, or 4 times the upper limit of normal) in one
donor. Active antibody [ormation was fivst detected
14 weeks after transfusion. The anti-HON level then
flnctuated over the nest 10 weeks: there was no corne-
lation between the fluctuations in alanine aminotrans
ferase levels and those in anti-HCV levels, The patient
has remained anti-HCV-positive for 55 vears,

I'he course of Patient 3 (g, 3) illustrates the same

OXUH0000022_002_0003
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30,000 A L 1500 aminotransferase concentration ol
> 28,000 1 ' - 1400 only 287 TU per liter with the onset
g 25.0005 1300 at week 7 after transfusion; ahnor-
8 24,000 1200 & mal values persisted for only six
S 22,000 1100 © weeks. There were no associated
E 20,000 1 - 1000 g _ symptoms that suggested viral hep-
-1 18,000 1 900 £ atitis, no hepatotoxic medications
S & 16,000 - 800 €S were taken, no serologic evidence
@ = 14,000 - - 700 E = of infection with other hepatotrop-
& 12,000 - 600 o ic agents existed, and there was
8 10,000 A : eI 500 ‘g no obvious nonviral cause for the
?'_: 8,000 1 3 - 400 = abnormal alanine aminotranslerase
€ 6,000 ’ - BAREL e “H‘M - 300 values.
= ;gggq 2 e g LR REEAE L ; EECI R i ?00 Except for the short period of
¥ S iwain ” "" " " " ” ” e -v' ; " "" "“ " v r‘ ”:‘ 'A'LiY = abnormal alanine aminotransferase

0 2 4 6 B 1012 14 16 18 20 22 24 26 28 30 32 34 36
Weeks

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 detectable
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 anti-HCV beginning 13 weeks after transfusion. Anti-HCV has persisted in this
patient for more than 5% years. Nole 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 11 weeks after 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 vear.
The antibody became undetectable

levels (less than six weeks), there
was no consistent clinical or bio-
chemical distinction between  the
two resolving cases in which anti-
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-
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-

between the 13th and 15th month 30,000 1500
after transfusion, and many sam- > 28,000 - 1400
ples obtained thereafter have re- @ 26,000 1 :222 o
. . iy @ 24,000 1 200 @
mained negative (=7 years). <] il <}
I negat ( years) 2 22000 ] 100 &
: E ] -1000 2
Transient Hepatitis £ ?g'ggg 000 8%
. . . ogE T -1
In two patients with resolving B (E% 16,000 1 800 ‘é;
hepatitis (Patients 17 and 20), anti- cf:" 14,000 7 égg <=
o o . . 12,000 1
HCV did not develop. In Patient 17 ;’ 5660, lP | c00 £
the alanine aminotransferase level Q 8.000 1 : 3 400 3
" - L g o =4
had a very sharp spike (1740 TU per & 6,000 1 B RIA | 300
. 23
liter), and he had abnormal values < 4,000 &0 ar A he~e 200
. et ] LT 4 100
for only two weeks. The interval he- 2.000 £ : =, . ik 1 2
¢ KK NSRS AR S —————e AL S

fore the elevation ol the alanine

was typical of the incubation peri-

0246 8 1012141618202224 26283032 343638 1234567
aminotransferase level (nine weeks) Weeks

Years

od of non-A, non-B hepatitis and
was accompanied by a mild cleva-
tion in the bilirubin level (41 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

Figure 3. Serial Alanine Aminotransferase and Anti-HCV Delerminations 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
deteclable antibody 9 to 11 weeks. A sample taken 13 months alter 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. Anli-HCV Seroconversion in Prospectively Followed Patients with Acute Re-
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To investigate the relation be-

solving Transfusidn-Associated Non-A, Non-B Hepatitis.

Pariest

Onser (Wreks Prak Bumumn Duraion
No AGE/SEX ACTER TRANSTUSION) (I iter)* (emol/Titer) whk)
16 S2'M 6 1506 1847 15
17 68/M 9 1740 1.0 2
18 25/F 6 915 154 1
19 47/F S 2322 136 8 7
20 53/M 6 287 6.8 6

Peax ALT

AnTEHCN
SEROCONVERSION

tween the specific ant-HCV assay
and the two currently employed
surrogate assays (measuring ala-

*ALT denotes alanine aminotransferase

ferase levels and more frequent icterus (‘Tables |
and 2). :

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

['able 4 shows the anti-HOV and anu-HBe status
and alanine aminotransferase levels of the donors
of blood to the 18 recipients who demonstrated
anti-HOV seroconversion. Among the 18 recipients,
an anti-HCV-—positive donor was detected for 14 (78
percent); 1 patient received blood from two anti-
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-
lvze 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

Onskt

Dukarion of

Pariena SERORONVERSION SEROCONVERSION Ant HOV
No INTERVAL Inrrmyal REsponsi
wh Ve
1 15 S =12.0
2 21 It -10.5
] 16 10 1315 mot
4 521 §2¢ 0.5
5 26 17 9.08
6 13 7 ~R.5
7 23 16 6.5
R 26 17 10§
9 19 32 .08
10 15 10 S
B} 20 12 8.5
12 37 1] -10.5
13 27 19 1.0
14 IR 0 7.0
IS 15 by 7.5
16 21 15 Q- 1
18 10 1 118 mot
19 A 6 1.0-2.01

*The interval between blond <ar
two weeks, the value shown repre

s was generally two we

when it was more than

the midpoint he ent the last negat

first positive sample. Only in Patient 14 was the sampling interval prok

ample and the

ped (22 weeks)

TANG-HOV disappeared within the specified interval

{The 1-year sample was negative, the 172 year sample was weakly positive, and all Tater
samples were positives

§Patient died

= nine aminotransferase levels and
No anti-HBc), we examined the sur-
Yes rogate-marker status of the anti-
Yes HCV-positive donors (Table 4). In
No only 12 of the 15 anti-HCNV —posi-

— tive had alanine amino-

levels

donors
measured

when they donated blood; 4 had
clevated alanine aminotransferase levels (33 percent).
Fight of the 15 anti-HCV-positive donors were posi-
tive for anti-HBe (53 percent). There was no donoy
with elevated alanine aminotransferase levels who was
not also anti-HBe—positive, whereas there were foun

translerase bheen

anti-HBe—positive donors who had normal alanine
aminotranslerase levels.

Overall, an anti-HCV-positive donor was detected
in 88 percent of the fully evaluable cases of non-A.
non-B hepatitis, and 53 percent of the anti-HCV
positive donors would have heen excluded from do

nation by the surrogate assavs, primarily that fo
anti-HBc.

DiscussionN

The cloning of the non-A, non-B hepatitis agent
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 assav, the first step w

test it against a coded pancl of pedigreed serum sam
ples that had been proved to transmit non-A\. non-1
hepatitis infection to the chimpanzee. The anti-HON
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 assavs for the non-A.
hepatitis agent.”

non-B

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. Beeause the diagno-
sis of non-A, non-B hepatitis is often clinically impre-
cise, we believed it essential first to define the anti-
HOV 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
demonstrated 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 absolute concordance with a positive anti-HCV
assay is quite remarkable. Hepatitis C virus appears
to be the primary cause of chronic translusion-asso-
ciated non-A, non-B hepatitis.

OXUH0000022_002_0005
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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.*

ANTHHOV SURROGATE-MARKFR
PATIENT No. oF Posimvr STATUS OF ANTTHOV
No Donors Donor Posimive Donag
ALT anT-HBC
| 18 Yes No No
2 18 Yes NT No
3 13 Yes No No
4 IR No
5 16 Yes Yes Yes
6 11 Yes Yes Yes
7 15 Yes NT No
8 20 Yes No Yes
9 5 Yes Yes Yes
10 15 Yest No Yes
No Yes
B 5 Not
12 19 No
13 2 Yes No No
14 13 Yes Yes Yes
15 14 Not —
16 17 Yes NT No
18 4 Yes No No
19 13 Yes No Yes

*ALT denotes 4

nine aminotransferase, and NT not tested

Twa anti- HCV-positive donors were identified

1One donor sample was unavailable 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). Ulti-
mately, anti-HCV disappeared in the 3 patients with
resolving hepatitis, whereas it persisted in 14 of the 15
with chronic hepatitis.

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 to 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-HCV 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 conelud-
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ing that a case of apparent non-A, non-B hepatitis is
anti-HCV-negative. Third, an apparent case of non-
A, non-B hepatitis may represent a cryptic form of
hepatitis B infection in which the usnal 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.'! Cryptic forms of hepatitis B infection may
exist, but the high incidence of anti-HCV seroconver-
sion 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
non-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 excluded. but the data
in this study suggest that il another virus exists, it
accounts for only a small proportion of the cases of
transfusion-associated non-A, non-B hepatitis. The
possibility of a second non-A, non-B hepatitis agent
can now be directly explored by applying recombinant
techniques similar to those that defined the hepatitis C:
virus. Finally, anti-HCV-negative cases mayv actually
be due to hepatitis C virus, but they may not have an
immune response detectable by the current first-gen-
cration assay. An antibody response helow detectable
levels may be more likely in acute, sell-limited disease
in which the hepatitis C virus—related antigen may he
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 ol sullicient hepatitis C virus antigen to hoost
the immune response repeatedly. The potential that
anti-HCVenegative cases are nonetheless hepatitis C
virus—related can now be explored with use of the
polymerase chain reaction and in situ hybridization
techniques.

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 o develop an assay o
hepatitis C 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 assavs 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 also
observed that antibody may disappear after a variable
interval, particularly in patients 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 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 virus 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-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 C 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. "7 Oyerall, 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 exposureto 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-HCV assay should bring a
further reduction in this risk, and most important, a
reduction in the long-term consequences of this com-
mon blood-borne infection,

~
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