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Abstract

We have investigated hepatitis C virus (HCV) viremia before
and after orthotopic liver transplantation (OLT). 38 patients
were examined; 16 were anti-HCV positive and 22 anti-HCV
negative pre-OLT in a RIBA-2 test (Ortho Diagnostic Systems
Inc., Westwood, MA). HCV-RNA was detected using a modi-
fied nested polymerase chain reaction in 14/38 and 10/38 pa-
tients before and after OLT, respectively. 7 of these 14 subjects
who were HCV-RNA positive before OLT were also positive
for serum hepatitis B surface antigen. After OLT, six patients
became HCV-RNA positive, likely as a result of transfusions,
while four developed a probable recurrence of HCV infection.
Infection of the liver graft by the same strain of HCV was
indeed demonstrated by sequence analysis of a hypervariable
domain (in the envelope region) in two cases. This establishes
the possibility of HCV recurrence and shows the usefulness of
polymerase chain reaction as the only assay currently capable
of identifying HCV infection after OLT. (J. Clin. Invest. 1992.
89:1361-1365.) Key words: polymerase chain reaction « RNA «
viremia ¢ chronic hepatitis

Introduction

Hepatitis C virus (HCV)! is a major etiological agent of non-A-
non-B infection (NANB) (1). Hepatitis C virus-related chronic
liver diseases are increasingly an indication for orthotopic liver
transplantation (OLT). Indeed, HCYV tests are positive in 40%
of candidates for OLT in our center (D. Samuel, personal com-
munication).

It has recently been suggested by studies based on serologi-
cal tests that the liver graft might be infected by HCV (2). How-
ever, serological assays are difficult to interpret in the context
of immunosuppression. In addition, tests for HCV antigens are
not available and assays only detect antibodies to structural
and nonstructural proteins (1). The distinction between recur-
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rences and acquired HCV infections due, in particular, to
blood transfusions during OLT is therefore a major problem.
We have used the polymerase chain reaction (PCR) proce-
dure (3) to detect HCV RNA (4) in the serum of patients before
and after OLT and to compare the corresponding nucleotide
sequences in a hypervariable domain of the genome.

Methods

Patients. 38 patients who underwent liver transplantation between Oc-
tober 1986 and March 1989 at the Villejuif liver transplant center were
studied retrospectively. The patients were divided into three groups
according to their HCV and HBYV serologies at the time of OLT.

Group 1 comprised 16 subjects with a positive test result for anti-
HCYV antibodies; 7 were also HBsAg-positive. The indications for OLT
in this group were HBsAg-positive fulminant hepatitis (n = 2), HBsAg-
positive cirrhosis (n = 5), NANB cirrhosis (n = 8), and primary liver
cancer (n = 1).

Group 2 comprised 12 patients who were anti-HCV-negative and
HBsAg-positive. The indications for liver transplantation were cirrho-
sis (n = 8), primary liver cancer (n = 2), and fulminant hepatitis (n = 2).

Group 3 (controls) comprised 10 anti-HCV and HBsAg-negative
patients with primary biliary cirrhosis (7 = 7) or primary sclerosing
cholangitis (n = 3).

Posttransplant immunosuppressive therapy consisted of a combina-
tion of prednisone, cyclosporin, and azathioprine. Each patient re-
ceived blood products from an average of 103 (SD = 45) different
donors. All the HBsAg-positive patients (n = 19) were treated with high
doses (10,000 IU) of anti-HBs immunoglobulins (HBsIg) during OLT
and throughout follow-up to maintain anti-HBs levels above 100 IU/
liter (5). Neither the transfusion products nor the liver donors were
screened for anti-HCV antibodies at the time of the study.

Procedures

Serum samples used for serology and PCR were obtained an average of
2 mo before OLT (SD = 1.7) and 12 mo after OLT (SD = 6.5).

Serological tests

Anti-HCYV antibodies. The presence of anti-HCV antibodies was tested
for using a recombinant immunoblot assay RIBA-2 (Ortho Diagnostic
Systems Inc., Westwood, MA.). This test detects antibodies to epitopes
located in capsid (c22) and nonstructural genes (¢33, ¢100.3, and 511).

HBV markers. Serum HBsAg, anti-HBs, anti-HBc, and HBeAg
titers were measured by means of radioimmunoassay using standard
kits (Abbott Diagnostics, South Pasadena, CA). HBV DNA in serum
was detected by a spot test assay as previously described (6).

Polymerase chain reaction (PCR) for HCV RNA

EXTRACTION AND REVERSE TRANSCRIPTION OF HCV RNA

RNA extraction. Sera (120 ul) were incubated in a lysis buffer consisting
of 100 mM Tris-HCI (pH 8), 1% sodium dodecyl sulfate and 50 pg/ml
proteinase K, for 2 h at 37°C. RNA was extracted with phenol/chloro-
form, precipitated with ethanol and lithium chloride (0.4 M), redis-
solved in 30 pl of sterile distilled water, aliquoted and stored at —80°C.
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¢DNA synthesis. 10 ul of RNA solution and 10 pmol of downstream
primer were incubated during 5 min at 65°C and rapidly cooled on ice.
cDNA synthesis was carried out at 37°C for 45 min after adjustment of
the mixture to contain 50 mmol/liter Tris-HCI pH 7.5, 75 mmol/liter
potassium chloride, 6 mmol/liter magnesium chloride, 1| mmol/liter
dNTP and 200 IU of MMLYV reverse transcriptase (Bethesda Research
Laboratories, Gaithersburg, MD), in a final volume of 30 ul. cDNA was
stored at —20°C.

NESTED PCR (NPCR)
NPCR is a highly sensitive two-step procedure in which the products of
a first PCR using “outer” primers are reamplified using a second set of
“inner” primers located within the previously amplified sequence (4).
A major drawback of the conventional nesting strategy is linked to the
opening of the reaction tube after the first amplification step, giving a
risk of contaminating the second reaction with amplicons (7). To over-
come this problem, we have developed a new protocol for NPCR with-
out reopening the reaction tube between the two steps of the procedure.
" 5 ul of cDNA was first deposited in a 700-u1 Eppendorf tube, then
45 ul of PCR mix (ANTP: 250 uM each, KCl: 50 mM, MgCl2: 1.5 mM,
gelatine: 0.01%, 8 pmol of each outer primer (Table I) and 2.5 U of
cloned Taq polymerase (Cetus, Emeryville, CA) were added. The reac-
tion mixture was then covered with 350 ul of mineral oil. The second
PCR mix (150 ul, with 100 pM each inner primer but no Taq polymer-
ase) was injected onto the surface of the mineral oil, forming a droplet
within it. The tubes were then subjected to a first amplification (25
cycles: 94°C for 45 s, 45°C for 45 s and 72°C for 55 s), and then
centrifuged for 1 min in order to mix the second PCR mixture with the
first. The second cycle of amplification (94°C for 45 s, 45°C for 45 s
and 72°C for 30 s) was thus carried out in a final volume of 200 ul with
an inner/outer primer ratio of 12:1. The products of the first PCR are
therefore diluted fourfold. The sensitivity of this procedure is similar to
that of conventional nested PCR.

Two different sets of primers were used for each cDNA (Table I).
The first set (primers SR1, SR2, SF1, and SF2) is located within the 5’
terminal sequence (5'NC) of the HCV genome (8) which is conserved in
all HCV isolates. The second set of primers (82.0, 82.1, 82.2, and 82.3),
situated within a hypervariable region of the HCV genome coding for
an envelope protein “E2/NS1” (9), was chosen to test the variability of
HCYV sequences.

ANALYSIS OF PCR PRODUCTS
20 ul of each nested PCR product was analyzed by means of electropho-
resis on a 1.5% agarose gel. Bands were visualized by ethidium bromide

Table 1. Oligonucleotide Sequences Used for HCV Primers

staining, transferred to nylon membranes (Gene-Screen Plus; New En-
gland Nuclear, Boston, MA) (10), and hybridized with 32P-labeled
probes (Table I).

SPECIFICITY AND SENSITIVITY CONTROLS

To detect carry-over, we performed HCV-PCR with the following con-
trols: (a) serum-free lysis buffer for the detection of contamination at
every step of the procedure, (b) three negative sera (blood donors) for
12 test sera, (c) the PCR mix alone. Measures for the prevention of
carry over included drastic separation of pre-PCR and post-PCR steps.
It has been shown that most false results with PCR arise during hand-
ling of amplification products (11). A standard positive control from an
HCV-infected patient with postransfusional hepatitis yielded positive
results at dilutions up to 1075,

Sequencing of the E2/NSI region

PCR products obtained with primers 82.0, 82.1, 82.2 and 82.3 were
purified using the low-melting—point agarose procedure (12) and se-
quenced using T7 DNA polymerase (Pharmacia, Uppsala, Sweden)
and primer 82.1.

Histology

Liver graft biopsies were obtained after OLT at the time of serum col-
lection.

Statistical analysis
Data were analyzed using Fisher’s exact test.

Results

Before OLT. HCV RNA was detected in 9 of the 16 patients
who were anti-HCV-positive (group 1), 5 of the 12 who
were anti-HCV-negative (group 2) and none of the controls
(group 3).

After OLT. HCV RNA was detected in a total of 10 pa-
tients: 3, 4, and 3 in groups 1, 2, and 3, respectively (Table II
and Fig. 1). Four patients scored positive for HCV RNA both
before and after OLT and six were positive only after OLT
(Table II).

The four patients with a positive amplification of the highly
conserved sequence (primers 5NC) both before and after OLT
were then tested with primers encompassing the hypervariable
domain, located in the 5’ part of E2/NS1 sequence (13). Vari-

Length of PCR
§' terminal sequence* products

“Quter” SRi(—=*) 5" GCC ATG GGC GTT AGT ATG AG 3'(—259; —-239) 259

SRI(«%) 5'.GG TGC ACG GTC RAC GAG ACC 3(-21; -1) bp
“Inner” SF2(—) 5" GTG CAG CCT CCA GGA CCC CCGA 3'(—236; —216) 212

SR2(<) 5' ACG GGT GAG GTA GTA GAC CC 3'(—24; —44) bp

probe 5'.CCG GAA TTG CCA GGA CCG GGT CCT TTC TTG 3/(-76; —46)

Viral envelope region (ES/NS1)

82.0(—) 5' CAC TGG GGA GTC CTA GCG GGC 3(1055-1076) 482

82.3(«) 5" GGG CTA GGA GTA AGC AAT A 3(1537-1518) bp

82.1(—) 5' TCC ATG GTG GGG AAC TGG GC 3(1088-1108) 382

82.2(«) 5" GGC TTT GGG GGG TAG TCC A 3(1470-1451) bp

* Nucleotide sequences are numbered from initiating codon ATG.
(—>) sense
§ («) antisense
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Table I1. Histology, HCV-RNA and Anti-HCV Before and After OLT

Before OLT After OLT
Anti- HCV HBV Anti- HCV- Follow
No. Etiology HCV RNA HBsSAG DNA HCV RNA HBsAG Histology up (mo)
Group |
1 Fulm. Hep.* + - + - + - - Normal 10
2 Cirrhosis + - + - + - - Normal 11
3 Fulm. Hep. + - + - + - - Normal 15
4 Cirrhosis + - + + - - + CAH? 12
5 Cirrhosis + - + - - - + CAH 11
6 Cirrhosis + + + - + + - Normal 6
7 Cirrhosis + + + - + - - Normal 9
8 Cirrhosis + + - - + + - CAH 3
9 Cirrhosis + + - - + - - Rejection 12
10 Cirrhosis + + - - + - - CAH 13
11 Cirrhosis + + - - + - - Rejection 9
12 Cirrhosis + + - - + - - Normal 18
13 Cirrhosis + + - - - + - Normal 14
14 Cirrhosis + + - - - — - Normal 9
15 Cirrhosis + - - - + - - Normal 8
16 PLC® + - - - - - - Normal 12
Group 2
17 Cirrhosis - - + - + + - CAH 4
18 Cirrhosis - - + - + + - CAH 36
19 Cirrhosis - - + - + + - CAH 14
20 Cirrhosis - - + - - - - Normal 13
21 Cirrhosis - - + - - - - Normal 11
22 Cirrhosis - - + - - - — Cholestasis 12
23 Fulm. Hep. - - + - - - - Normal 12
24 PLC - + + - + - - Rejection 8
25 Cirrhosis - + + - - + - CAH 36
26 Fulm. Hep. - + + - - - - Normal 9
27 PLC - + + - - - - Cholestasis 10
28 Cirrhosis - + + - - — - Rejection 12
Group 3
29 PBC! - - - - + + - CAH 11
30 PBC - - - - + + - Normal 13
31 PBC - - - - + + - Normal 12
32 PBC - - - - - - - Normal 15
33 PBC - - - - - - - Normal 14
34 PBC - - - - - - - Normal 11
35 PBC - - - - - - - Normal 9
36 PSC' - - - - - - - Normal 14
37 PSC - - - - - - - Normal 15
38 PSC - - - - - - - Normal 12
* Fulminant hepatitis. * Chronic active hepatitis. ¢ Primary liver cancer. ' Primary biliary cirrhosis ' Primary sclerosing cholangitis.

able sequences could be amplified both pre- and post-OLT in
two patients (8, 13). Fig. 2 and Table III show the results ob-
tained in these two cases and in a patient (No. 29) with ac-
quired, probably posttransfusional hepatitis. In both cases pre-
and post-OLT nucleotide sequences were highly conserved (95
and 96%). In addition, the degree of homology was higher be-
tween paired pre- and post-OLT isolates than when the five
isolates were compared each other or with published American
(14) and Japanese isolates (15) (Fig. 2). These results demon-
strated that the liver graft was indeed infected by the pre-OLT
strain in both cases.

Reinfection of Liver Grafi by Hepatitis C Virus after Liver Transplantation

Table II compares the results of the anti-HCV and HCV
RNA assays. Two of the 20 patients who were anti-HCV nega-
tive after OLT, scored positive for HCV RNA. Conversely, 10
of the 18 subjects who were anti-HCV positive after OLT were
HCV RNA-negative.

Liver histology was available for all patients. Chronic Hepa-
titis was significantly more frequent in patients with positive
HCV viremia (6/10 vs 2/28; P < 0.01). It is noteworthy that
none of the 6 patients with HCV viremia and chronic hepatitis
had evidence of associated HBV infection. Among the 28
HCV-RNA negative patients, 2 showed HBV-related chronic
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patient No 7 29 8
RIBA2 4+ 4
b

SC+ SscC-

< 210 bp

B

Figure 1. Detection of HCV RNA by nested PCR (primers 5’ NC).
Patients 7, 29, and 8 before () and after (a) OLT. SC+, positive
standard control. SC—, negative control. (4) Ethidium bromide
staining. (B) Hybridization with 3?P-labeled oligonucleotide probe (30
min exposure).

hepatitis. These 2 subjects were the only subjects among the 19
HBsAg positive individuals who showed evidence for HBV re-
currence as assessed by positive serum HBs Ag and HBY DNA
assays. This low rate of recurrence is explained by a low preva-
lence of HBV replication-before OLT (1/19) together with
long-term immunoprophylaxis with HBslg (16).
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Figure 2. Nucleotide sequence of the hypervariable domain of 5' part
of E2/NS1 of HCV RNA before and after OLT. Nucleotide sequences
of the hypervariable domain of the E2/NS1 region before (lane I1;
lane I') and after (lane 2; lane 2') OLT in patients 8 and 13, respec-
tively. Nucleotide sequence of the same region of E2/NSI in patient
29 with acquired, posttransfusional hepatitis (lane 3) and from two
published reports. HCVpt (lane 4) and HCVJ1 (lane 5) isolates (Eu-
ropean patent application 90302866.0; Takeuchi et al., 1990). The
numbering corresponds to HCVpt (European patent application
90302866.0). Dots indicate identical sequences.
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Table I11. Nucleotide Sequence Homologies (%) in the
Hypervariable Domain of the 5' Part of E2/NS1

HCV J1 (5) 5 63 66 55 52 55 63 -
HCV-Pt (4) 4 78 77 64 63 65 -
No. 29 After OLT 3 76 78 65 65 -
No. 13 After OLT 2 70 67 -
Before OLT 1’ 68 69 -
No. 8 After OLT 2 -
Before OLT 1 -

1 2 1 22 3 4 5

Sequences of HCV RNA from 3 patients in the present study are
shown, including 2 with HCV recurrence (patients 8 and 13 in Table
II) and 1 with posttransfusional hepatitis (patient 29 in Table II).
Lanes / and 2 correspond to pre-OLT and post-OLT HCV RNA se-
quences in patient 8, while lanes I’ and 2’ correspond to those of
patient 13. Lane 3 indicates the sequence of HCV RNA in patient
29. Other sequences from the literature are included for additional
comparison: HCVpt (4) and HCVIJ1 (5) isolates (European patent
application 90302866.0; Takeuchi et al., 1990). The numbering
corresponds to HCVpt (European patent application 90302866.0).

Discussion

Our findings provide direct evidence that HCV infection can
recur in liver transplant recipients. Indeed, of the ten subjects
who were HCV-RNA positive after OLT, four were also posi-
tive before the transplantation. We documented the recurrence
of HCV infection in two patients by the comparative study of a
hypervariable domain of the HCV genome before and after
OLT. The nucleotide homology was indeed very high, relative
to that of distinct isolates. The infection of the engrafted liver
by the initial HCV strain probably involved circulating virions.
However, it could also occur via infected nonliver cells, as previ-
ously suggested for HBV (17, 18). Preliminary results indeed
suggest that peripheral blood mononuclear cells can be infected
by HCV (19, and Zignego, A. L., manuscript submitted for
publication).

The actual prevalence of HCV recurrence in OLT patients
cannot be derived from our data. Although the rate was low, it
should indeed be borne in mind that we only analyzed a single
sample obtained from each patients at a mean of 12 mo after
OLT. Additional intermittent, transient or late HCV infections
cannot thus be excluded.

It is also interesting to note that some of these patients bore
markers of both HCV and HBV infection before OLT. It is
tempting to speculate that such coinfection might attenuate
HCYV viremia before OLT and, thus, the risk of HCV reinfec-
tion. In addition anti-HBs antibody preparations, used to pre-
vent HBV recurrences in these subjects, might contain anti-
HCYV antibodies although the batches we have tested have been
negative in a RIBA-II assay. 6 of the 38 subjects had acquired
HCV infection after OLT. It is noteworthy that this study was
undertaken before the exclusion of anti-HCV positive blood
and liver donors became possible. Although screening of blood
products with serological tests is quite efficient (20), the num-
ber of donors necessary to transfuse organ recipients is large,
and the frequency of transfusion-related infection might well
remain high.
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Interestingly, HCV viremia was only associated with
chronic hepatitis in patients who showed no evidence of asso-
ciated HBV infection. With regard to the development of he-
patic lesions, the respective role of a direct cytopathic effect of
HCYV and the host immune response to viral and cellular anti-
gens is not known. However, severe chronic active hepatitis has
been reported in patients infected with both HCV and HIV
(21). Taken together our results indicate that HCV may be a
significant cause of liver disease following OLT.

Finally, although anti-HCV antibodies were sought using
the RIBA-2 test, 2/20 of the patients who were anti-HCV nega-
tive after OLT were HCV RNA-positive. Thus serological sta-
tus after OLT was not able to distinguish recurrent from ac-
quired, posttransfusional HCV infection. Therefore, detection
by PCR of HCV RNA is currently the only method for apprais-
ing HCV infection following liver transplantation.
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