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Abstract

Background—Hepatitis C virus (HCV)-infected women—in particular, those coinfected with
human immunodeficiency virus type 1 (HIV-1)—can transmit infection to their children and sex
partners.

Methods—The present study was conducted to analyze the presence of HCV RNA in
cervicovaginal lavage (CVL) fluid from 71 women (58 HCV/HIV-1-coinfected women and 13
HCV-infected, HIV-1-uninfected women) enrolled in the Women’s Interagency HIV Study.

Results—HCV RNA was detected (by a commercial polymerase chain reaction assay) in CVL
fluid from 18 (29%) of the HIV-1-infected women and from none of the HIVV-1-uninfected
women (P < .05). Multivariate analysis revealed that risk factors for the presence of HCV RNA in
CVL fluid were HCV viremia (odds ratio [OR], 16.81; P =.02) and HIV-1 RNA in CVL fluid
(OR, 19.87; P =.02). This observation suggests local interactions between HIV-1 and HCV in the
genital tract compartment. There was no correlation between HCV RNA in CVL fluid and CD4,
CD8, or CD3 cell counts, HIV-1 RNA viremia, the number of leukocytes in CVL fluid, or HIV-1
therapy. Furthermore, in 3 of 5 analyzed patients who had a detectable CVL HCV RNA load, we
found viral variants differing in the 5’ untranslated region that were present neither in plasma nor
in peripheral-blood mononuclear cells.

Conclusions—Our observations point to the importance of the genital tract compartment, in
which local HCV replication could be facilitated by local HIV-1 replication.

Hepatitis C virus (HCV) infection is common among HIV-1-infected patients, with 50%—
90% being coinfected [1]. Thus, HCV coinfection has emerged as a major public health
problem that contributes to significant morbidity and mortality in HIV-1-infected patients.
HIV-1 coinfection accelerates the development of severe liver disease attributable to HCV
[1, 2], whereas HCV coinfection has been reported to accelerate the progression of HIV-1
disease [3, 4]. Since the introduction of effective measures to screen blood and blood
products for HCV, injection drug use has become the predominant mode of HCV
acquisition. However, exposure via injection drugs cannot account for up to 20% of new
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infections [5, 6]. Several reports have suggested that HCV may be transmitted through
sexual intercourse [5, 7, 8], during childbirth [9, 10], and even during casual contacts
between household members [11]. The probability of mother-to-child and female-to-male
transmission appears to increase in the presence of coinfection with HIV-1 [10, 12-14].
Similar findings have been reported for HIV-1-positive men who engage in high-risk sexual
behaviors (such as unprotected sex) with other men [15]. However, there are conflicting
results with regard to female-to-male HCV transmission [16, 17]. The mechanism of
increased HCV replication in HIV-1-infected patients has been attributed to
immunosuppression, as evidenced by high viral loads in patients receiving
immunosuppressive drugs after transplantation [18]. However, there is also evidence
suggesting that HCV replication may be directly enhanced by the presence of HIV-1 [19].

Surprisingly, despite mounting evidence for the existence of female-to-male and mother-to-
child transmission of HCV, very little is known about vaginal and cervical shedding of HCV
in HIV-1-positive and HIV-1-negative women. Very few studies have assessed HCV RNA
in vaginal secretions. Furthermore, HCV load and quasispecies distribution in the genital
tract compartment has not been analyzed previously [20-22]. This could be explained by the
difficulties of obtaining cervicovaginal specimens, the methods for which have only recently
been standardized in HIV-1 settings [23]. In this article, we present our findings on HCV
detection, viral load, and quasispecies composition in the female genital tract using
cervicovaginal lavage (CVL) fluid from HCV/HIV-1-coinfected women.

PATIENTS, MATERIALS, AND METHODS

This is a cross-sectional study nested within the Women’s Interagency HIV Study (WIHS),
a prospective, multicenter effort established in August 1993 to conduct comprehensive
investigations of the impact of HIV-1 infection on women. A detailed description of the
WIHS cohort is available elsewhere [24]. Briefly, participants are seen every 6 months and
undergo a comprehensive interview, physical and gynecological examinations, and
extensive laboratory evaluations. Informed consent was obtained from all study participants
or their parents or guardians, and the human experimentation guidelines of the US
Department of Health and Human Services and those of the authors’ institutions were
followed in the conduct of clinical research. Blood and CVL specimens were processed and
stored according to a standardized WIHS protocol [24]. CVL cellular fractions were
analyzed according to the study protocol and involve microscopic evaluation, round-cell
staining, and measurement of the levels of hemoglobin/erythrocyte- and leukocyte-
associated esterases by a commercial semiquantitative assay (Bayer Corporation). Serum,
plasma, peripheral-blood mononuclear cells (PBMCs), and genital specimens were stored
for each patient at each visit at a central repository monitored by BBI Biotech Research
Laboratories in a state-of-the-art biological-specimen storage facility. The present study
included 58 of the 113 HCV/HIV-1-coinfected women and 13 of the 23 HCV-infected,
HIV-1-uninfected women enrolled at the Los Angeles WIHS site (table 1). Of these 71
women, 9 (6 of the HCV/HIV-1-coinfected women and 3 of the HCV-infected, HIV-1-
uninfected women) were randomly selected for intense molecular evaluations.

Immunophenotyping

Three-color flow cytometry and real-time testing were performed at local sites that are
certified through the Division of AIDS Quality Assurance Program, National Institute of
Allergy and Infectious Diseases, National Institutes of Health. Consensus protocols were
used [25].
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HIV-1 RNA load measurements

HIV-1 RNA loads were determined in plasma and CVL fluid by NucliSens assay (lower
limit of detection, 80 copies/mL; bioMérieux) with 1 mL of CVL fluid. For HIV-1 RNA
quantitation, we chose the nucleic acid sequence—based amplification (NASBA) method
because of its superior performance with a wide array of clinical specimens and an
extraction method that is relatively insensitive to the inhibitory substances present in vaginal
and other specimen types [26]. According to the WIHS protocol, CVL specimens are
processed within 6 h and are subsequently stored at —80 °C. We have performed an
extensive comparison between 2 methods of detecting HIV-1 RNA in vaginal specimens
collected from women enrolled in WIHS and have shown that HIV-1 RNA was readily
detectable in CVL fluid from ~24% of infected women by polymerase chain reaction (PCR)
and NASBA [27].

HCV RNA load measurements

Plasma specimens were tested by a commercial HCV RNA assay (lower limit of detection,
600 1U/mL; Roche Diagnostic Systems) with 100 uL of plasma. To detect and quantify
HCV RNA in genital secretions, 1.0 mL of CVL fluid was ultracentrifuged at 24,000 g for 1
h; subsequently, 100 xL of the concentrated CVL pellet was used for HCV RNA extraction
and detection as reported elsewhere for HIV-1 [28, 29]. We calculated HCV genome
equivalents on the basis of the data published by Pawlotsky, Pawlotsky et al., and Saldanha
et al. [30-32]. The sensitivity of the assay was estimated to be ~60 1U/ml for CVL testing.
For the subset of 9 randomly selected women, we used an in-house qualitative HCV PCR
assay that has been described elsewhere [33].

Strand-specific HCV RNA assay

The description of our strand-specific HCV RNA assay has been published elsewhere [34].
When tested on synthetic template, the assay was capable of detecting ~1 x 102—1 x 103
genomic equivalent molecules of the correct strand while nonspecifically detecting >1 x 108
genomic equivalent molecules of the incorrect strand.

Single-strand conformation polymorphism (SSCP) assay

The SSCP assay was performed as has been described elsewhere in detail [33]. Amplified
sequences were compared by the SSCP assay and sequencing. The major advantages of the
SSCP assay are its relative simplicity and the fact that it is less prone to sporadic artifactual
polymorphism than is the cloning of PCR products and subsequent analysis of individual
clones. Furthermore, this technique is able to discriminate between sequences differing by a
single nucleotide substitution and to detect a minor variant admixture representing >3% of
the whole population [35]. Because nested and seminested reverse transcriptase (RT) PCR
protocols are prone to amplification artifacts, the number of cycles during the second-round
amplification was kept to a minimum, to ensure the presence of a single, sharp band on the
agarose gel [36].

For the subset of 9 randomly selected women, amplified sequences were compared by direct
sequencing and the SSCP assay [35]. The analysis was conducted on the 5’ untranslated
region. When deemed necessary, composition of the quasispecies was further analyzed by
the cloning of PCR products and subsequent sequencing of individual clones. The presence
of HCV RNA negative strand was determined by rTth-based strand-specific RT-PCR.

Data analysis

We assessed differences in HCV RNA detectability between the HCV/HIV-1—-coinfected
women and the HCV-infected, HIV-1-uninfected women by Fisher’s exact test. Further
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analysis was conducted among the 58 HCV/HIV-1—coinfected women. The relationships
between HIV-1 RNA load in CVL fluid and plasma and between HCV RNA load in CVL
fluid and plasma were analyzed by Pearson’s correlation coefficient, plotted on a logyg
scale. We used logistic regression to analyze the association between detectability of HCV
RNA in CVL fluid and potential predicting factors. Initially, unadjusted logistic regression
analyses were performed with plasma HCV RNA load, plasma HIV-1 RNA load, CVL
HIV-1 RNA load, CD4 cell count, CD8 cell count, CD3 cell count, CVL total cell count,
CVL peroxidase-positive cell count, CVL color, CVL blood Chemstrip (Bayer Corporation)
level, and CVL white blood cell Chemstrip level in separate models. Plasma HCV RNA
load (undetectable vs. detectable or per logyg increase), plasma HIV-1 RNA load
(undetectable vs. detectable; <1000 vs. >1000 copies/mL; or per logyq increase), CVL
HIV-1 RNA load (undetectable vs. detectable; <150 vs. >150 copies/mL; or per logyg
increase), CD4 cell count (<350 vs. >350 cells/uL or per 100-cell/uL decrease), and CD8
cell count (<800 vs. >800 cells/uL or per 100-cell/uL decrease) were analyzed by Pearson’s
correlation coefficient in both categorical and continuous scales, as indicated above. The
relationship between detectability of HCV RNA in CVL fluid and factors that were
significant (P < .05) or even marginally significant (P < .1) in the unadjusted analysis were
further evaluated by multivariate logistic regression analyses that adjusted for plasma HCV
RNA load, CVL HIV-1 RNA load, plasma HIV-1 RNA load, and CD4 cell count. Two-
sided hypotheses were tested. Odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated in both unadjusted and adjusted logistic regression analysis.

Demographic and clinical information for the 58 HCV/HIV-1-coinfected women who were
and were not found to be shedding HCV in the genital tract can be seen in table 1. The
majority of the women were >35 years old, were black or Hispanic, and were unemployed.
More than 40% reported having >10 lifetime sex partners, and 79% reported a history of
injection drug use. Seventy percent had received highly active antiretroviral therapy within
the previous 6 months, 52% had HIV-1 RNA loads <1000 copies/mL, and 80% had CD4
cell counts >200 cells/uL. HCV RNA was detected in plasma from 67% (39/58) of the
HCV/HIV-1-coinfected women, compared with only 46% (6/13) of the HCV-infected,
HIV-1-uninfected women, and they also had higher plasma HCV RNA loads (median, 1.5 x
108 copies/mL [range 1.5 x 104 to >4.0 x 108 copies/mL] vs. 0.3 x 108 copies/mL [range,
undetectable to 1.3 x 108 copies/mL]) (data not shown).

HCV RNA was detected in CVL fluid from 31% (18/58) of the HCV/HIV-1—coinfected
women, although the loads were relatively low (median, 1.5 x 103 copies/mL; range,
undetectable to 0.4 x 104 copies/mL); 16 of the 58 women had loads <0.8 x 103 copies/mL.
None of the HCV-infected, HIV-1-uninfected women (P = .03) had detectable HCV RNA
in CVL fluid when tested by a commercial HCV RNA assay (Roche Diagnostic Systems),
although 2 had detectable HCV RNA by our in-house qualitative HCV PCR assay. In
general, the coinfected women with detectable HCV RNA in CVL fluid were similar to
those with undetectable HCV RNA in CVL fluid, except that they had higher plasma HCV
RNA loads (P < .04) (table 1). The relationships between plasma and CVL HIV-1 and HCV
RNA loads can be seen in figure 1A and 1B. For the relationship between log;g HIV-1 RNA
load in plasma and CVL fluid, Pearson’s R = 0.50 (P = .0003); for the relationship between
log1p HCV RNA load in plasma and CVL fluid, Pearson’s R = 0.33 (P = .0111).

Univariate logistic regression analysis showed possible associations between the presence of
HCV RNA in CVL fluid and CD4 cell count, the presence of HCV RNA in plasma, the
presence of HIV-1 RNA in CVL fluid, and blood contamination (data not shown). However,
in multivariate analysis that included plasma HCV RNA load, plasma HIV-1 RNA load,
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CVL HIV-1 RNA fluid, and CD4 cell count, the only statistically significant predictors of
HCV RNA in CVL fluid were the presence of HCV RNA in plasma (OR, 16.81 [95% ClI,
1.53-185.31]; P =.02) and the presence of HIV-1 RNA in CVL fluid (OR, 19.87 [95% ClI,
1.70-231.65]; P =.02) (table 2). This relationship was present only when we censored CVL
HIV-1 RNA loads <150 copies/mL. We chose this censoring level because of the limited
ability of the NucliSens assay to quantify HIV-1 RNA <150 copies/mL and the ability of
this assay to detect viremia at this level at least 95% of the time [37, 38].

To assess for compartmentalization of HCV and genetic diversity between blood and genital
HCV, a detailed analysis of plasma- and CVL-derived HCV RNA was conducted in a subset
of 9 randomly selected women (6 HCV/HIV-1—coinfected women and 3 HCV-infected,
HIV-1-uninfected women) (figure 2). HCV RNA was detected by a highly sensitive RT-
PCR method in both plasma and CVL fluid from 5 of these women (3 of the HCV/HIV-1-
coinfected women and 2 of the HCV-infected, HIV-1-uninfected women). However, HCV
RNA negative strand, which is a viral replicative intermediate, was repeatedly detected in
CVL fluid from only 1 of the HCV/HIV-1-coinfected women (patient 7). For 4 of the 5
women in whom HCV RNA was detected in CVL fluid (patients 5-7 and 9), the SSCP band
patterns for plasma- and CVL-derived viral sequences were different, suggesting the
presence of differing quasispecies variants in both of these compartments (figure 2). For all
4 patients, the PBMC-derived band pattern closely matched the plasma-derived band
pattern. For patient 9, the CVL-derived band pattern was different from the plasma-derived
band pattern, whereas, for patients 6 and 7, there were additional bands that were not present
in the plasma-derived band pattern. For these 3 patients, viral sequences were further
analyzed by direct sequencing and sequencing of cloned PCR products. CVL fluid from
patient 9 was found to harbor 2 viral sequences differing from those of the plasma strain by
1 and 4 nt, respectively (figure 3). For patient 6, the dominant CVL-derived variant was
identical to the plasma-derived sequence; however, cloning revealed the presence of 2
additional sequences that differed from the plasma-derived sequence (figure 3). Similarly,
for patient 7, the dominant sequence variants in CVL fluid and plasma were identical,
whereas 2 minor CVL-derived sequences were different; however, one of the latter was
identical to the dominant negative-strand sequence in CVL fluid (figure 3). Thus, for
patients 6, 7, and 9, CVL-derived HCV contained unique sequences that were present
neither in plasma- nor in PBMC-derived HCV.

DISCUSSION

To our knowledge, our study is the first to demonstrate compartmentalization of HCV in the
genital tracts of HCV/HIV-1—coinfected women and possible local replication in a large
proportion of HCV/HIV-1-coinfected women. We found unique but related viral variants in
the blood and genital tract compartments, suggesting that HCV may replicate locally in cells
shed from the genital tract. These findings have important implications for both sexual and
perinatal transmission of HCV. Increased mother-to-infant and sexual HCV transmission in
HCV/HIV-1-coinfected women makes it especially urgent to study and understand the
dynamics of HCV in this subset of patients [1, 12-14]. Our study also suggests that, among
HIV-1-infected women who are HCV viremic, there is an association between shedding of
both viruses and that local control of both viruses may be impaired in those found to be
shedding. This may explain the increased rate of perinatal HCV transmission to HIV-1—
infected newborns and the observation that sexual transmission may be increased in
coinfected patients.

Findings from our study suggest that a local HCV genital tract reservoir may exist and that
this may be the source of infection for those suspected to have been infected sexually, a
possibility further supported by the analysis of HCV quasispecies isolated from plasma,
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PBMCs, and CVL fluid. Despite the mounting evidence supporting the sexual transmission
of HCV, very few reports have addressed the issue of HCV shedding in the female genital
tract. In an early study, Caldwell et al. [39] reported the occasional presence of HCV RNA
in multiple body fluids (including vaginal fluid collected by use of swabs), whereas, in more
recent reports, Manavi et al. [21, 22] found that HCV RNA was present in cervical swabs
from 8 of 22 HCV-infected women. Similar results were reported by Belec el al. [20], who
detected HCV in cervicovaginal secretions from 4 of 19 women. However, none of these
studies included HIV-1—positive patients. In the present study, we found that none of the
HCV-infected, HIV-1-uninfected women were positive for HCV RNA in CVL fluid when
tested by a commercial quantitative assay. However, both HIV-1-uninfected women in an
intensely studied group were positive when tested by our sensitive in-house qualitative HCV
PCR assay. These results suggest that HCV may be present at very low levels in the genital
tract of some women infected with HCV but not with HIV-1. However, significant levels
(>600 1U/mL) of HCV RNA in genital secretions were present only in the genital tracts of
the HCV/HIV-1-coinfected women in our study. These data contrast with those published
recently by Belec et al. [20, 40], who reported that up to 27% of the cellular fractions of
CVL specimens from HCV-infected, HIVV-1-uninfected women were HCV RNA positive.
This discrepancy is most likely due to the assays used, because 2 of 3 HIV-1-uninfected
women had detectable HCV RNA by our in-house assay, compared with none by a
commercial assay. This may also be related to a more concentrated CVL specimen used by
Belec et al. and the relatively small number of HCV-infected and HIV-1-uninfected women
studied by us. The HCV/HIV-1-coinfected women in our study had rates of HCV shedding
similar to those noted in the study of HIV-1-negative women by Belec et al. [40].
Additionally, inhibitors of enzymatic amplification in serum, and especially those in
mucosal sites such as vaginal and oral compartments, may cause false-negative results for
direct detection of HCV RNA by PCR. However, our inclusion of the ultracentrifugation
step during HCV RNA extraction from CVL specimens was likely to reduce the effect of
soluble PCR inhibitors. In our own experience, the ultracentrifugation step is able to
eliminate the inhibitory effect in ~50% of specimens that are initially negative for HIV-1
RNA due to inhibitors of the amplification reaction (data not shown). However, it is
plausible that some of the women with undetectable HCV RNA in CVL fluid may shed
intermittently, and multiple sampling may yield positive results, as seen in HIV-1-infected
women [27]. Thus, our data may underestimate the overall prevalence of HCV
cervicovaginal shedding.

HIV-1 may locally affect HCV shedding on a molecular level or by immunologic
mechanisms such as cytokines and immune activation. The latter possibility is in agreement
with recently published data from Manavi et al. [21, 22] that suggest that HCV RNA in the
genital tract is associated with lymphocytes and that the virus could possibly replicate there.
Although high levels of HCV RNA in CVL fluid from 2 women correlated with traces of
blood, the more frequently observed low-level viremia in CVL fluid of ~1000 copies/mL
appears to be unrelated to blood contamination, as was shown by our multivariate analysis.
Furthermore, the detection of unique CVL-derived viral variants different from those
detectable either in plasma or PBMCs suggests the presence of local extrahepatic
replication. This observation is in agreement with the findings of Belec et al. in HIV-1-
uninfected women [40]. Their data strongly suggest an association between HCV and cells
in the genital tract compartment. At present, it is unknown which cells harbor or support
HCYV replication in the cervix or vagina. Data from Manavi et al. point toward
cervicovaginal lymphocytes as the likely source [21, 22]. Macrophages have also been
reported to harbor replicating HCV in HIV-1-coinfected patients [41] and seem to play a
role in mother-to-infant and sexual HIV-1 transmission [42, 43].
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The mechanism by which local HIV-1 facilitates the presence of HCV in the genital tract is
unclear. One possibility is concomitant infection of the same cells by both viral pathogens
with subsequent enhancement of HCV replication, possibly through transactivating
properties of the HIV-1 Tat protein [44]. We have recently shown that the same cell could
indeed be infected by both viral pathogens [45]. Another possibility is local immune
dysfunction, which would allow both viruses to replicate locally.

In summary, we have found that HCV RNA can be detected in almost 30% of HCV/HIV-1-
coinfected women and that viral diversity does exist between local HCV and plasma HCV
extracted from HCV/HIV-1-coinfected women. Our findings may explain a comparatively
higher rate of HCV vertical transmission by HIV-1-coinfected women reported in several
studies. The relationship between HIV-1 and HCV shedding is intriguing and suggests a
unique local interaction between these 2 viruses in the genital tract.
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Figure 1.

Relationships between HIV-1 and hepatitis C virus (HCV) RNA loads in plasma and
detectability of HCV RNA (A) and HIV-1 RNA (B) loads in cervicovaginal lavage (CVL)
fluid. In the figure, circles indicate undetectable CVL HCV (A) or HIV-1 (B) loads, and
triangles indicate detectable CVL HCV (A) or HIV-1 (B) loads. For the relationship between
HIV-1 RNA load in CVL fluid and plasma, Pearson’s R = 0.50 (P = .0003); for the
relationship between HCV RNA load in CVL fluid and plasma, Pearson’s R =0.33 (P =..
0111).
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Figure 2.

Single-strand conformation polymorphism analysis of plasma-, cervicovaginal lavage
(CVL)-, and peripheral-blood mononuclear cell (PBMC)- derived 5" untranslated region
hepatitis C virus (HCV) sequences. CVL neg str, HCV RNA negative strand in CVL fluid.
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Figure 3.

Comparison of 5’ untranslated region hepatitis C virus (HCV) sequences amplified from
plasma, cervicovaginal lavage (CVL) fluid, and peripheral-blood mononuclear cells
(PBMCs) in patients 6, 7, and 9. In the figure, a minus sign indicates HCV RNA negative
strand; “CVL” indicates the dominant variant; “CVL1,” “CVL2,” and “CVL3" indicate
minor variants; and the nos. in parentheses indicate the no. of clones representing a given
sequence.
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