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Abstract Background. The causes of post-transfusion
.non-A, non-B hepatitis are still not fully defined, nor is it
" ‘clear how accurate the tests are that are used to screen
blood donors for hepatitis C virus (HCV) and lo diagnose
" -post-transfusion hepatitis caused by infected blood.
_ Methods. We used two first-generation enzyme-iinked
. Immunoassays (ElAs) and one second- -generation immu-
. _noassay to test for anti-HCV antibodies in serum samples
collected between 1976 and 1979 in the Transfusion-
. Transmitted Viruses Study (from 1247 patients who un-
" derwent transfusion and 1235 matched control subjects
who did not receive transfusions). We tested serum col-
: lected before and after infection from the patients in whom
- non-A, non-B hepatitis developed, serum from their blood
** donors, and serum from 41 of the control subjects who had
.. hepatitis unrelated to transfusion.
.. Results. Ofthe 115 patients in whom post-transfusion
~ non-A, non-B hepatms developed, the initial serum sam-
" ples of 111 were anti-HCV-negative; after hepatitis de-
: veloped in these i1 pauents the hfst—generatlon ElAs

LTHOUGH non-A, non-B hcpatitis was first rec-
ognized in 1974,"? identification of the responsi-

ble ctiologic agent or agents proved difficult. Prospec-
“tive studies conducted in the United States during the
1970s -demonstrated that hepatitis developcd as a
‘complication in 5 to 12 percent of the recipients-of
blood from volunteer donors, with approximately 90
~ percent of the cases dlagnosed as non-A, non-B hepa-
' titis,*® It is believed that the incidence of non-A, non-
- B post-transfusion hépatitis has decreased since the
--implementation in 1986 of donor screening for surro-
gate markers — i.e., an elevated serum level of alanine
- aminotransferase activity or the presence of antibody
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detected anti-HCV in 51 (46 percent), and the second-
generation assay detected anti-HCV In an additional 16
(14 percent), for a total of 60 percent. Of 40 controls, 37
were anti-HCV~negative initially, and none seroconvened
after hepatitis developed. If the 3 percent rate of non-A,

. non-B, non-C hepatitis among the controls (37 of 1235)

was applied to the 1247 transfusion recipients, only 74 of
the 111 cases of hepatitis were attributable to the transfu-
sion. Thus, 91 percent (67 of 74) of the cases of post-
tranfusion hepatitis were caused by HCV. Of the 99
donors, 60 were HCV-positive (9 on seoond-generahon
tests only) and 39 were not.

- Conclusions. Nearly all cases of non-A, non-B post-

- transfusion hepatitis are caused by HCV. Screemng witha

second- generanon assay improves the rate of detection of
HCV infection in patients with post-transfusion hepatitis
and in blood donors. The use of this test showed a 3.6
percent risk of non-A, non-B, non-C hepatitis, which was
not significantly different trom the rate in the controls (3.0
percent). (N Engl J Med 1991;325:1325-9.)

to hepaltitis B core antigen (anti-HBc), which are asso-

ciated with an increased risk of transmitting non-A,
non-B hepatitis.™!!

In 1989 Choo et al. reported the cloning of a part of
the -hepatitis' C virus (HCV) genome isolated from
experimentally infected chimpanzee plasma.'? Speci-

) ﬁcnly for parenterally transmitted non-A, non-B hepa-

titis was quickly confirmed.""* HCV is a major cause
of transfusion-associated non-A, non-B hepatitis. In
mid-1990, routine screening of all donors with first-
gencrauon assays to detect antibody to a nonstruc-

_tural antigen of HCV was adopted in the United
- States. However, not all donors who transmit HCV

are anti-HCV-positive, and not all persons with
non-A, non-B hepatitis seroconvert according to these
assays.'>!® Second-generation assays, which include
polypepndes that are additional gene products (core

~ and putative-protease cpuopes), are now being eval-

uated.
In this report, we compare the recognition of anti-

- HCV by first- and second-generation enzyme-linked

immunoassays (EIAs) among transfusion recipients in
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whom non-A, non-B hepatitis devcloped and among
their blood donors. We also compare the serologic and
clinical characteristics of hepatitis in the transfusion
recipients with those in control subjects with non-A,
non-B hepatitis who did not receive transfusions. In
addition, we examine the association of non-A, non-B
hepatitis among the translusion recipients with the
presence of anti-HCV and surrogate markers in their
donors’ scrum. Data from transfusion recipicnts, their
donors, and hespitalized control subjects enrolled in
the Transfusion-Transmitted Viruses Study served as
the basis for these evaluations.

MEeTHODS
Recruitment of Study Subjects

The Transfusion-Transmitted Viruses Study was conducted at

medical centers in New York, St. Louis, Los Angeles, and Houston.
Patients who received transfusions and hospitalized control subjects
who did not were enrolled in a pilot phase in 1974-1975 and in the
main study from 1976 to 1979. Criteria for enlistment and follow-up
have been described in detail.”? To be included in this analysis,
study subjects had to complete at least 148 days of follow-up.

' Evaluation for Hepatitis

Hepatitis was diagnosed il between 11 and 180 days after transfu-
sion (or after enrollment for the controls), the level of alanine ami-
notransferase was abnormal (245 1U per liter) in at least two con-
secutive blood specimens drawn within a peried of 3 to 17 days,
with the level in at least one specimen 290 U per liter. Non-A, non.
B hepatitis was diagnosed if there was no indication of liver discase
of nonviral origin and no serologic evidence of newly acquired hep-
atitis A or hcpa(ms B virus (HBV) infection. Each case was re-

_viewed by study investigators and by a commilttee ol"mdcpendcm
experts whose members had no knowledge of whether the patient
had received a transfusion. Study subjects were classified as having
non-A, non-B hepatitis only if both groups were in agreement. The
hepatitis was classified as chronic if the alanine aminotransferase
level remained elevated for at least six months. Cases in which the
alanine aminotransferase level returned to normal were considered
to involve acute hepatitis that resolved. Subjects followed for less
than six months who still had an elevated alanine aminotransflerase
level when last seen were classified as having non-A, non-B hepatitis
with an indeterminate outcome. .

Previous Laboratory Procedures

. Each serum specimen from the transfusion recipients and con-

trols was tested for hepatitis B surface antigen (HBsAg), antibody 1o
- HBsAg (anti-HBs), and anti-HBc by radioimmunoassay (Abbott

Laboratories, North Chicaga). HBsAg testing of donor serum was

by radioimmunoassay or reverse passive hemagglutination. Select-

ed serum samples were tested for antibody to hepatitis A virus
-"(Abbott Laboratories) if the recipient had any evidence of hepatitis.
At cach study center, samples from the donors and recipients were
analyzed for alanine aminotransferase activity by an automated
kmeucspcctrophoxometnc assay at 37°C with a standardized proce-
dure, identical instruments, and ccmrahzcd quality control. The
. upper limit of normal was defined as <45 IU per liter, which is 2SD
above the mean of logarithmically transformed values.

_Current Study Population

. The participants in the present study were 115 patients with non-
A, non-B hepatitis among the 1247 transfusion recipicnts in the
main phase of the Transfusion-Transmitted Viruses Study and the
41 subjects with non-A, non-B hepatitis among the 1235 controls
who did not receive transfusions. Specimens adequate for the evalu-
ation of seroconversion were available for all-115 transfusion recipi-
cnts and for 40 of the 41 controls. The samples we tested were those
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drawn at enrollment (i.c., before transfusion, for the recipients), at
the time of onset of hepatitis, 3 and 6 months alter enlistment, and
when the porticipants were last evaluated, 10 6r more months
after entry into the study. Eleven transfusion recipients and onc
control subject with HBV, as well as four recipients and three
controls shose initial blood specimens were found to be anti-

HCV-positive, were excluded from analysis. The present study is
thus based on 111 patients with non-A, non-B hepatitis among 1232
recipients of blood transfusions and 37 persons with non-A, non-B
hepatitis among 1230 controls, Spcctmcns from every donor were
available for 99 of the 111 transfusion recipients with non-A, non-B
hepatitis.

Laboratory Procedures

Donor, recipient, and control serum samples collected during the
main phase of the study were retrieved from storage and tested in
duplicate for anti-HCV by three dilferent assay methods in two
independent laboratories. The assays included two first-generation
EIAs (ELISA, Ortho Diagnostic Systems, Raritan, N.J.; and EIA,
Abbout Laboratories), both of which detect antibody to a single
gene product, C100-3 antigen, a nonstructural component of HCV;
and a second-generation EIA that detects antibodies to a putative
protease (33C) and the core region (pHCV-34) of HCV, as well as
the C100-3 antigen (Abbott Laboratories). The samples were ran-
domized and coded so lhat the laboratories could not distinguish
their source.

All positive specimens were retested in duplicate. Repeatedly rcv(
active specimens were tested by supplemental assays for validation.
For assays validating the Abbott first-generation test,'’ synthetic
peptides spi2, spi17, and sp65 from the C100-3 region were used as
anngcns Samples that were nonreactive for lhcse peptides were
tested in a solution-blocking or inhibition assay,!” with recombinant
antigen expressed in Escherichia coli as a chimeric CKS protcm con-
taining 256 of the 363 amino acids from the C100-3 region of HCV.
Samples repeatedly reactive on cither first- or second-generation
assays were further tested with the usc of synthetic peptides {rom
the C100-3 (spG5, sp67) and core (sp75) regions, as well as recombi-
nant antigen (pHCV-38) expressed in E: coli as a chimeric CKS
protein from the protease (33C) region of HCV. Only repeatedly
reactive specimens that were also reactive in one or more validation
assays were considered positive. All serum confirmed to be reactive
by the first-generation assay was also confirmed to be reactive by
the second-generation assay.

For statistical comparisons, all continuous \armblcs were treated
as categorical variables, as defined in the tables. Analyses used the
two-tailed chi-square or Fisher’s exact test.

REesuLTts

The rates of anti-HCV seroconversion - among the
transfusion recipicnts and control subjects with nony
A, non-B hepatitis arc shown in Table 1. Among the
111 transfusion recipients with non-A, non-B hepatitis
who_were initially anti-HCV-ncgative, seroconver-
sion- was detected in 51 (46 percent) by.the first-
generation assay. In an additional 16 patients. with
seroconversion (14 percent), it was detected only
by the second-generation assay. Seroconversion was
not detected in any control subjects by either test
(P<0.0001).

The recipients of blood transfusions who serocon-
verted to anti-HCV gencrally had more severe disease
and higher peak alanine aminotransferase values
(=450 1U per liter) than cither the transfusion recipi-
ents who did not seroconvert or the control subjects
(Table 2), and they had a higher incidence of chronic
hepatitis (P<0.0001). Corrcspondingly, ‘symptoms
(P<0.005) and jaundice (P<0.0001) were significant-
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Table 1. Anti-HCV Seroconversion According to
First- and Second-Generation Assays in Transfu-
sion Recipients and Controls with Non-A, Non-B

Hepatitis.
No. ' S
Grovr SusCEPTIBLE * ANTI-HCV SEROCONVERSION
18T- AND 2ND- WD~
GENERATION 'GENERATION
ASSAYS® ASSAY ONLY  TOTAL
Immb(l (prrm-u)
- Controls 37 .0 .0 .0
Transfusion 111 51 (46) 16 (14) 67 (60)
recipients ' .

*All positive results on first-generation assay were also positive on scc-
ond-generation assay. .

ly more fréquent among anti-HCV-positive transfu-
sion recipients with non-A, non-B hepatitis than
among anti-HCV-negative ‘subjects with hepatitis.
Except for the interval from transfusion to the.first
detected increase in alanine aminotransferase activity,
the clinical featurcs of the cases of hepatitis detected
only by the second-generation assay did not differ sig-
nificantly from those of the cases detected by the first-
generation test (P>0.10). The interval to the first in-
crease in alanine aminotransferase was longer than six
weeks in 11 of ‘the 16 patients (69 percent) with post-
transfusion - hepatitis detected only -by the second-
gencration assay, as compared. with 35 percent of
those whose serum was positive according to both as-
says (P<0 02): The clinical features of hcpamls in
the anti:-HCV-negative transfusion rec1p1cnts were
not significantly dlﬂ'ercnl from those m lhe comrol
subjects.

The relation bclwecn anti- HCV posmvlly in .the
donor and anti-HCV seroconversion in the rcc1p|cm
could be determined in 99 transfu-
sion recipients for whom all donors .
werc tested (Table 3). Only 4 (10
percent) of 39 paticnts given blood
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four of the conversions were rccogmzcd only by the
sccond-generation assay.

Table 4 analyzes the relation between anti-HCV
seroconversion in the 99 transfusion recipients with
non-A, non-B hepatitis and the presence of anti-HCV
or surrogate markers in the blood they were given.
A total of 55 patients received one or more units of
blood that was positive for surrogate markers. Of
these, 45 (82 percent) received blood that was also
anti-HCV-positive in the same unit. ‘Among those
who received units that contained anti-HCV, the sero-
conversion rate was not influenced by the presence (91
percent) or absence (93 percent) of surrogate mark-
ers in the same unit. None of the eight patients who
had post-transfusion hepatitis after receiving blood
positive only for surrogate markers had seroconver-
sion to anti-HCV. Surrogate markérs were absent
from the units given to the four patients who sero-
converted after the transfusion of anti- HCV—negatlve
blood. : . e

DISCUSSION )

In this sludy, serologlc evidence. of HCV mfccuon
was detected by first- and second-generation assays in
60 percent of the patients with post-transfusion non-
A, non-B hepatms This rate is lower than that report-
cd by others using only first-gencration assays. Alter
and coworkers at the National Institutes of Health
identified HCV infection in all 15 transfusion rccnpl—
ents with chronic hepatitis, and in 3 of 5 patients in
whom the hepatitis resolved:'® -Their analysis used
more stringent criteria for the diagnosis of hepatitis
than the analysis of our group. They required two
alanine aminotransferase values at least twice the up:
per limit of normal, with one exceeding 2.5 times nor-
mal Using the National lnsmules of Health criteria,

(
B

* Table 2. Clinical Characteristics of Non-A, Non-B Hepatitis in Transfusion Recipients
: and Controls, According to Anti-HCV Seroconversion Status.*

that was negative for anti-HCV..

T ConvroLs
according to both assay systems CHaxacTERISTIC LN =) _ Taaxsrusion Recinents
became anti-HCV—positi\'c; two A IR ’ * SEROCONVERSION ~ SEROCONVERSION
of the: four scroconversions were o ONMT AND I e
detected only by the second-gen- mo(mmu)s.on Jwry sy oxty

. . -4y -8y =
eration assay. In contrast, of 60 R g N (v=te
transfusion recipients with hepa- . Ch}r{oniclilyd— no. of paticnts (%) . N . 6 o)
e . : . -, Resolved
titis \vh? were given blood that " Clranic 205) 40) 27 (53) 7 @9
was anti-HCV-positive on first- . Indeterminate 4Q10) 3 5(10) 3(19)
or second-generation tests, 43 (72 . . . Fistincrease in ALT

6 ? ( " At =6 wk — no. of 14 (38) 24 (55) 18 (35) 11 (69)

percent) seroconverted according “patients (%) S
to both .assays, and in another 12 Median no. of days 28 50 -39 51

< . . Peak ALT . . .
recipicnts (20 percent) seroconver. 2450 1Uiter — no. of 6 (16) Y0 35 (69) 8 (50)
sion was detected only by a second- . patients (%) . ‘
generation assay, for an’ overall Median level — IUfliter 144 156 604 466

H ; : : _Symptoms and jaurdice — no. of patients/

dcu':cuon rate of: 92 percent. N'mc o with dats available (%)
patients received blood that as Symptoms 629G T SHI(12) 17144 (39) 5115 (33)
anti-HCV=positive only accord- Jaundice 029 -0l 11145 (29) 3115 (20)
nt P y Either or both 6/29 (21) 541 (12) 19145 (42)

ing to the second-gencration’ test. .

&15 (40

Of these, seven seroconverted, and -

OCimaliad i Tlan PNoldlala t llheam,

*Because of rounding, percentages do not always total 100. ALT denotes alanine aminatransferase.
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Table 3. Donor Anti-HCV Status and Seroconversion In Transfu-
sion Recipients with Non-A, Non-B Hepalitis.*

DoNor ANTI-HCV Status TransFusion RECIPIENTS

SEROCONVERSION
NO ON I131- AND
SEROCONVERSION IND-GENERATION

SEROCONVLRSION
ON IND-GENERA-
TION ASSAY

(N = 40) ASSAYS (N = 43) ONLY (N = 1)
' no. of patients (%)
Negative on all assays 35 (90) * 2(5) 2(5)
Positive on any assay s
Total 5(8) . 43(72) 12 (20)
First and second 3(6) 40 (78)F “ 8ot
gencration ! '
Sccond generation 2(22) 3033t (@)
only . .

*For 12 transfusion recipients with non-A, non-B hepatitis, the donou were not tested for all
markers; these 12 are not included here.

1P = 0.015 by Fisher's exact test. ip= 0.05 by F:shu s exact lest.

Esteban and his colleagues detected anti-HGV sero-
conversion in 89 percent of 27 cases of non-A, non-B
post-transfusion hepatitis.'® The cases of chronic hep-
atitis sclected for evaluation by Alter ct al. were of
several years’ duration, and many had biopsy evi-
dence of chronic hepatitis or cirrhosis. Some of these
cases werc also proved to be infectious through experi-
mental studies in chimpanzces. In contrast, the pa-
tients with post-transfusion hepatitis in our study were
tested withouit selection for chronicity or infectivity...

Our simultancous study of a’control group that did
not ‘undergo transfusion makes it possxblc to usc an-
other approach to determine the proportion of cases of
non-A,- non-B post-transfusion hepatitis caused by
HCV. From populations of almost identical size in the
Transfusion-Transmitted Viruses Study, there were
111 cases of hepatitis among - the transfusion recipi-
ents, of which 67 werc due to HCV, and 37 cascs of
hepatitis among the controls, none of which were due
to HCV. Assuming that the transfusion recipients had
‘the same proportion of cases of hepatitis unrclated to

Table 4. Anti-HCV Seroconversion in Transfusion
Reciplents with Non-A, Non-B Hepatitis in Relation
to the Anti-| HCV and Surrogate-Marker Status of the

Donors.
Al PATIENTS WHO
DoNor MaRKER® PATIENTS SEROCONVERTED
no. no. (%)
An(i-HCV-ﬁcgalive
No surrogate markers 3 413
ALT =45 [Uliter, 8 0(0)
anti-HBc, or both
Anti-HHCV-positive
No surrogate markers 15 14 (93)
in same unitt
ALT =45 1Ulliter, 45 41 (91)

anti-HBc, or both
in same unit}

‘Anti~llCV-'pmilli\'e refers to the results of both first- and second-gen-
eration tests, ALT denotes alanine aminotransferase.

tTwo recipients received one other unit that was positive for a summogate
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transfusion as the controls, 74 of the 111 cases would
be attributable to blood transfusion. Of the 74, 67 had
demonstrablc anti-HCV seroconversion — a rate of
91 percent,.which is in accord with other studics.

Comparison with the controls in the Transfusion-
Transmitted Viruses Study can also be used to esti-
matc the residual incidence of hepatitis not identified
in this study as due to HCV. Among the transfusion
recipients, the overall incidence of non-A, non-B hep-
atitis was 9 percent (111 of 1232), with an incidence of
HCV of 5.4 percent (67 of 1232). The residual inci-
dence among the transfusion recipients of non-A, non-
B hepatitis not due to HCV was thus 3.6 percent,
which is not significantly different from the rate of
hepatitis observed among the control subjects (37 of
1230, or 3.0 pereent; P = 0.25). This observation sug-
gests the possibility that HCV accounts for the vast
majority, if not all, of the non-A, non-B hepatitis
transmitted by blood transfusion.

There are several possible explanations for the cases
of hepaltitis seen in recipients and in controls that were
not associated with anti-HCV seroconversion. These, -
cases may have been due'to HCV infection with'an
immunologic responsc not detected by the assays
used, or to an agent other than HCV., Infection with
another agent, however, implies a'rate of nosocomial
infection that scems surprisingly high. Reactivation of
a’latent infection by hospitalization or surgery is an-
other possibility. If these cases had a viral cause, how-
cver,: they appeared (o' be relatively innocuous, as
comparcd with the diseas¢ scen in transfusion recipi-
cnts with HCV. Finally, they may have resulted from
one or more noninfectious etiologic factors that are
associated with hospitalization but unrelated to trans-
fusion. Regardless, the clinical similarities between .
the control subjects and the transfusion recipients who
did not scroconvert suggest that they may have had
discase of similar origins.

The second-generation assay detected anu-HCV
among an additional 14 percent of the transfusion re-
cipients with non-A, non-B hepatitis, for a 31 percent
increase over the number of HCV-related cases iden-
tificd by the first-gencration assay. This incrcase couldf
be due to the core and protease epitopes included in
the second-gencration assay and in some cases to an

earlier response to these cpitopes lhan to thc CIOO 3
nonstructural antigen.

Testing the donors of the blood rcccwcd by lhosc
with post-transfusion hepatitis allowed us to asscss the
eflectiveness of surrogate markers and first-generation
anti-HCV assays in donor screening. Among the cases
of HCV identified in this study, 73 percent (43 of .59)
were associated with the presence of surrogate mark-
crs in the donors, a rate similar to that predicted be-
fore HCV was identificd.*'® The use of surrogate

markers in the United States since 1986 thcrc[‘orc ap-
pears to be wcllJusuﬁcd

The first-gencration assay detected one or more
units of blood from anti-HCV~paositive donors admin-

marker only, h N : '
$Nine recipients received one other unit va.u posnne for a surrogate lSlchd to Bl pcrccnl of (IIC Eatlcn(s WhO scrocony cr(cd
marker only. and for whom all donor units were tested. The use of
£ rotisnts fnewhom.2 wellAacum B0 TRCA DASQ0AS AU KAY DK URIEA w (1 SA47 ssmtong fif voarny o e s
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the second-gencration assay increased this rate to 93
percent. Four transfusion rccipicms with HCV re-

ceived blood that was negative according to both the -
first- and sccond-generation assays and was negative
for the surrogate markers as well. Thus, the resid- -

ual incidence of HCV predicted after first-genera-
tion screening (0.9 percent, or 11 of 1232) would have
been reduced to 0.3 percent (4 of 1232) by screcning
donors with the sccond-gencration assay and would
not have been further reduced by scrcemng for surro-
gate markers. -

"The prediction of a conunumg nsL of HCV infec-
tion from blood transfusion is not surprising in view of
studies in chimpanzces that document infectivity be-
fore the onset of hepatitis.'®? We observed the devel-
opment of non-A, non-B hepatitis in two chlmpanzccs
inoculated with serum collected from recipients at
least 12 days before any biochemical evidence of hepa-
titis.' Recent studies using gene amplification to de-
tect HCV nucleic acid have also demonstrated vire-
mia within a few days after exposure and weeks before
the developmcm of cither hepatitis or an antibody
response,?
© The data presented here raise the question of
whcther we should continue to test donors for surro-
gate markers. The dclay in the appearance of anti-
HCV after the increase in alanine aminotransferase
levels in acute HCV suggests that it may be advanta-
geous o conlinue scrccmng donors for high alanine
aminotransferase concentrations until tests arc availa-
ble to dctect infection before the onsct of hepatitis.
Our finding of no anti-HCV scroconversions after
transfusion with blood that had only an clevated ala-
nine aminotransferase level suggests that this occurs
infrequently. Continued anti-HBc screening may also
be advantageous because it can identily some donors
with HBV infection not detected by routine HBsAg
testing.?? "

The results of this study indicate that donor screen-
ing for the presence of surrogate markers and, more
recently, for anti-HCV. by first-gencration assays
should have substantially reduced the risk of non-A,
non-B post-transfusion hepatitis. They also indicate
that the risk will .be further reduced by 1mplcmen-
tation of second-generation anti-HCV 'screcning. In
our study, the rate of. 3.6 percent for non-A, non-B
post-transfusion hepatitis not caused by HCV was not
significantly different’ from the rate of hepatitis ob-
served among ‘control subjecls who did not undergo
transfusion,

We are indebted to the meibers of the independent expert com-
mittee: Drs. Paul Holland, William H. Bancroft, Allan G. Redeker,
and Hyman ], Zlmm:rman
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