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PHILIPPE HALFON,1* HERVÉ RIFLET,2 CHRISTOPHE RENOU,3 YVES QUENTIN,4

AND PATRICE CACOUB5
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Hepatitis C virus (HCV) was transmitted from a chronic carrier to his female partner during unprotected
anal and vaginal intercourse. Based on HVR1 and phylogenetic tree analysis, the couple had closely related
isolates. These findings confirm sexual transmission of HCV without other risk factors.

CASE REPORT

A 32-year-old heterosexual woman, the index patient, pre-
sented in March 1997 with jaundice and severe fatigue; her
alanine aminotransferase level was 732 IU/liter (normal level,
,31). An enzyme immunosorbent assay for hepatitis C virus
(HCV) (Ortho Diagnostics, Raritan, N.J.) was positive, and
viremia was detected by PCR (Amplicor HCV; Roche Molec-
ular Systems, Neuilly, France). Other causes of acute viral
hepatitis were excluded, the autoantibody screening result was
negative, and the patient tested negative for human immuno-
deficiency virus (HIV) infection.

In November 1997, a liver biopsy showed chronic active
hepatitis, and her alanine aminotransferase level was 130 IU/
liter. Over the 6 months before her illness, she had only one
active physical relationship, which included oral sex and vagi-
nal and anal intercourse with her partner. She was negative for
HCV infection during this period. Her partner, a 35-year-old
man, had had an episode of jaundice with an increase in
transaminase activity in 1983 after a blood transfusion. In 1994,
he was positive for HCV and his liver biopsy showed, chronic
active hepatitis. The temporal relationship between HCV pos-
itivity and sexual intercourse led us to suspect a sexually trans-
mitted infection.

In this study, we investigated by HVR1 sequence analysis a
case of transmission of an HCV isolate from a chronic carrier
to his female partner during unprotected anal and vaginal
intercourse.

HCV is transmitted mainly through direct percutaneous ex-
posure to infected blood. Among subjects infected by HCV,
approximately 40% have no history of blood transfusion or
intravenous drug abuse (18). Perinatal transmission is possible,
although the risk is low. The role of sexual transmission in the
spread of HCV infection is still debated, but many studies have
demonstrated it (12, 18). Such transmission is rare; it probably

results from common risk factors or sharing toilet instruments
and follows a parenteral route rather than occurring via sexual
intercourse, which plays a minor role except in sexually trans-
mitted disease with genital lesions (1, 3, 5, 10, 12). Transmis-
sion of HCV infection to sexual partners is favored by a high
concentration of circulating HCV or by concomitant HIV in-
fection (3).

HCV, like other RNA viruses, exhibits enormous genomic
diversity. HCV isolates show four levels of genetic variability:
types, subtypes, isolates, and quasispecies (QS). This hetero-
geneity is a consequence of high error rates in RNA replica-
tion. HCV circulates as a heterogeneous population of genet-
ically different but closely related genomes, the QS (14). The
HVR1 region of the genome is highly variable among and
within patients and can be used to identify individual HCV
isolates, which is of particular interest for epidemiological
studies (9).

Microbiological findings. In order to find out if the virus had
been transmitted between the two patients, we performed se-
quence analysis of part of the HVR1 region of the genome of
virus isolated from these two patients. The HVR1 fragment
(nucleotide positions 1156 to 1234) was chosen for sequence
analysis because this domain exhibits a sufficiently high degree
of variability to distinguish between HCV isolates of the same
subtype. The two HVR1 fragments isolated from the index
patient and her partner were aligned with the SEAVIEW pro-
gram (8). Representative HVR1 sequences of each subtype of
genotype 3a were used as control sequences for the HVR1
fragments. A set of control sequences was built with a BLASTn
search of the nonredundant databases of the National Center
for Biotechnology Information (NCBI), with the consensus
sequence of the family as a query.

The trees were inferred through the neighbor-joining (NJ)
method, with Kimura’s two-parameter distance. The NJ tree
was generated from the distance matrix on the basis of all
pairwise comparisons of sequences. The trees obtained were
unrooted. In order to assess the confidence placed in tree
topology, we used the bootstrap method. We used the tools in
the PHYLIP package, version 3.52, to estimate the tree.

The viral sequences isolated from the index patient and her
partner were genotype 3a. Nucleotide sequencing of the HVR1
region showed that the two patients were infected by the same
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isolate because there were 97% homologies between the se-
quences from the source and the index patient.

The tree obtained with the NJ method is shown in Fig. 1. In
this tree, the representative 42 nonredundant sequences of
genotype 3a and the two HVR1 fragments of the patient and
her partner are compared. The two patients are in the same
branch and distinct from the other branches of the tree. The
HVR1 patient subtree was supported by bootstrap values of
74% (NJ). Such a low level of confidence was expected because
the patient sequences are characterized by only four substitu-
tions relative to the genotype 3a control sequences.

Discussion. The timing of the events and the molecular
characterization of the two HCV isolates provide strong evi-
dence that HCV was transmitted during sexual intercourse.
The similarity between the sequences in the HVR1 regions of

the isolates demonstrates that a cluster of strains exists in both
patients. It should be noted that this region showed sufficient
variability to distinguish isolates and is the most adequate to
document person-to-person transmission from samples taken
close together in time. The results from molecular biological
investigations and epidemiological evaluation are complemen-
tary pieces of evidence in inquiries on possible intraspousal
transmission of HCV (17). Sexual intercourse seems to be the
only important risk factor. No parenteral or other risk factors
for transmission of HCV, such as drug addiction, hospitaliza-
tion, a history of acupuncture, ear piercing, tattooing, or shar-
ing used razors, were identified for the couple. Altogether,
these data suggest that this HCV isolate was transmitted from
the chronically infected male to his female partner, probably by
sexual intercourse. It has been suggested that the low risk of

FIG. 1. Phylogenetic analysis of HCV isolates from a couple (man and woman) with HCV viremia based on the nucleotide sequence of part
of the HVR1 region from the index patient. The phylogenetic tree was constructed by the NJ method program in the PHYLIP package (version
3.5). Numbers at the forks show the number of occurrences of the repetitive groups to the right out of 100 bootstrap samples.

VOL. 39, 2001 CASE REPORTS 1205



sexual transmission of HCV may be due to infected blood
passed during intercourse through abrasions of mucosa rather
than through HCV-infected semen (4). However, anal rather
than vaginal intercourse constitutes a major cause of abrasions
of mucosa. The possibility of anal transmission of HCV has
been suggested by Balasekaran et al. (2). In this study, in a
cohort of non-drug-addicted homosexual men, the prevalence
of HCV antibodies was related to the number of acts of anal
intercourse. In contrast to HIV and HBV, the risk of HCV
transmission through anal intercourse remains controversial,
since several studies failed to find a correlation between HCV
infection and anal intercourse among male homosexuals (16).
However, it has been reported that women engaging in very
high risk sexual behavior were 14.2 times more likely to have
HCV than other women (7). In case-control studies, HCV
infection is associated with sexual promiscuity and sex with a
partner who has a past history of hepatitis (13, 19).

The last consensus conferences of the European Association
for the Study of the Liver and the National Institutes of Health
(6, 15) do not recommend barrier precautions for stable mo-
nogamous sexual partners, including the use of latex condoms.
Our study points out the possibility of transmission of HCV
during anal sexual intercourse without safe-sex precautions.
Barrier contraception with a condom should be suggested for
serodiscordant couples with risky sexual practices, such as sex-
ual anal intercourse. This recommendation could help reduce
the possibility, as reported for HIV with antiretroviral therapy
(11), of transmission of interferon-selected QS mutants.
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