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Abstract

Although the primary mode of hepatitis C virus (HCV) transmission is exposure to blood products or injection
drug use (IDU), studies have found varying independent risk factors for HCV infection among persons with no
history of IDU or exposure to blood products. For HIV-infected women, sexual transmission may be another
potential source of HCV infection. HIV-infected and HIV-negative women at risk for HIV enrolled in the
Women’s Interagency HIV Study (WIHS) during October 1994 to November 1995 and again between October
2001 and November 2002 were studied. Clinical and demographic factors associated with HCV seroprevalence
were assessed in multivariate logistic regression models controlling for history of blood transfusion and IDU.
Among 3636 women with HCV results, 31.5% were HCV antibody positive (HCVþ) including 13.5% with no
reported history of IDU or blood transfusions. Multivariate logistic regression analyses stratified on IDU showed
that among women with no history of IDU, sex with an IDU male was independently associated with HCV
positivity (odds ratio [OR]¼ 2.8, 95% confidence [CI]¼ 2.1, 3.8, p< 0.0001) after controlling for blood transfu-
sion, age, HIV infection, unemployment, birth in the United States, history of hepatitis B infection, and current
smoking status. Further stratification on HIV status showed that the association was significant only for the
HIVþ (OR¼ 1.9, 95% CI¼ 1.3, 2.7, p¼ 0.0007) compared to the HIV� women (OR¼ 1.1, 95% CI¼ 0.4, 2.7)
although these odds ratios were not significantly different ( p¼ 0.25). For HIV-positive women with no reported
history of IDU, sex with an IDU male was independently associated with HCV suggesting that sexual trans-
mission may be an important mode of HCV transmission for these high-risk women.

Introduction

In the United States, an estimated 4.1 million people
(1.6% of the population) are infected with hepatitis C virus

(HCV).1 Although the predominant modes of HCV trans-
mission are through exposure to blood or blood products and
injection drug use (IDU), there are studies suggesting that
sexual transmission can occur in 5%–20%2,3 of those who are

HCV infected and deny any history of blood transfusion or
IDU. Various independent risk factors for nonparenteral HCV
transmission among those denying a history of IDU include
snorting cocaine, crack use, low socioeconomic status, herpes
simplex virus (HSV)-2 infection, frequent alcohol use,
tattooing=body piercing, gonorrhea, HIV infection, as well as
high-risk sexual activity. 4–10 However, it has been difficult to
assess HCV infection transmission via nonparenteral routes,
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especially sexual transmission, because of shared risk factors
among individuals at risk for HCV infection.

The importance of sexual transmission in HCV transmis-
sion is controversial. Studies of monogamous sex partners of
patients with HCV viremia and chronic liver disease show
infrequent transmission.11 While there are documented cases
of acute HCV infection among non-drug–using men who
have sex with men (MSM),12–18 the ongoing Omega Cohort
Study estimated that HCV sexual transmission among MSM
is rare.19 However, evidence for sexual transmission of HCV
has been shown in several types of studies including preva-
lence studies in attendees of sexually transmitted disease
(STD) clinics, investigation of cases identified from surveil-
lance reports, and cross-sectional and longitudinal partner
studies.1,9,20–22 Many of these studies have been limited by
small size, lack of uninfected controls, and difficulty exclud-
ing other routes of transmission. While the role of sexual
transmission has been examined in a growing number of di-
verse populations including urban populations, veterans, in-
dividuals attending STD clinics, and homosexual men, none
have evaluated a large sample of HIV-infected and HIV-
negative women with similar risk histories.

We examined factors associated with HCV antibody posi-
tivity among a large sample of HIV-infected (HIVþ) and
HIV-uninfected (HIV�) women with similar risk who were
evaluated for HCV infection. The development of a more com-
plete profile of factors contributing to HCV transmission may
assist in further clinical and preventive efforts for both HIV-
infected and -uninfected women at high risk for HIV infection.

Materials and Methods

Study population

The Women’s Interagency HIV Study (WIHS) is a multi-
center, prospective study of the natural history of HIV-1 in-
fection and associated diseases in women. A detailed
description of the study population has been published. 23

Women were recruited from six national sites (Los Angeles,
San Francisco, Chicago, two sites from New York City, and
Washington, D.C.) from HIV clinics, street outreach, referral
from other studies, and word of mouth. A total of 3766
women were enrolled. Seventy percent (2623) were enrolled
between October 1994 and November 1995 and an additional
1143 were enrolled between October 2001 and November
2002. Women were interviewed and clinical and laboratory
evaluations performed at baseline and then prospectively
every 6 months.

Data collection

Women were interviewed at baseline using standardized
questionnaires that included questions regarding demo-
graphics, reported history of IDU, non-IDU, history of blood
transfusion, sexual behaviors, alcohol practices, and medical
history including self-reported history of sexually transmitted
diseases. IDU in the past 6 months was asked at baseline and
at each 6-month follow-up visit.

Participants were screened at baseline for presence of HIV
at local clinical laboratories using contemporaneous com-
mercial enzyme immunoassay (EIA) kits. HCV antibody
testing was performed using Abbott EIA 2.0 and 3.0 assays
(Abbott Laboratories, Abbott Park, IL). For 96% of the HCV-

positive women in this study, HCV RNA levels at baseline
were measured in a single laboratory (A.K., USC) using
polymerase chain reaction (Roche Diagnostics, Branchburg,
NJ). 24 Women with undetectable HCV RNA were retested by
HCV 3.0 EIA (Ortho Diagnostics, Rochester, NY) and all re-
sults with S=CO less than 3.9 were confirmed by RIBA 3.0
(Chiron, Emeryville, CA). Overall, 96% of the HCVþ women
in our study were confirmed positive. A hepatitis B profile
that included hepatitis B surface antigen (HBsAg), anticore,
and antisurface antibody was also measured at baseline.
History of ever having hepatitis B infection was defined as the
presence of HBsAg or core antibody.

Statistical analysis

Sociodemographic, behavioral, and health status variables
were examined for their association with HCV antibody sta-
tus at baseline for the total population and stratified on re-
ported history of IDU using w2 analyses. Among those with no
IDU, variables associated with HCV status at p< 0.10 in un-
adjusted analyses were evaluated in a multivariate logistic
regression model. Variables with p< 0.05 were retained in the
reduced model. Each variable dropped from the multivariate
model was brought back into the reduced model to test for
significance. All of the variables in the final reduced model
were evaluated for their interaction with HIV status (at
p< 0.05 level) to test if associations differed in HIVþ and
HIV� women. The final reduced model was run separately
for HIVþ and HIV� women. The data were also analyzed
using HCV viremia as the outcome variable with the non-
viremic women removed; these analyses yielded similar as-
sociations with the variables of interest. Associations are
expressed as prevalence odds ratios (OR) and 95% confidence
intervals (CI). SAS statistical software (version 9; SAS In-
stitute, Cary, NC) was used to conduct these analyses.

Results

Study subjects

Among the 3766 women enrolled in WIHS, 3648 (97%) had
a baseline HCV antibody result, confirmed HIV antibody
status, and baseline IDU data. During the follow-up period
(median 4 years), 12 women with no reported history of IDU
at the baseline visit reported IDU at a follow-up visit. These 12
women did not differ from the total population by HIV status,
age or HCV status. However, to minimize possible misclas-
sification of the non-IDU group, these 12 women were ex-
cluded so that a total of 3636 women were included in these
analyses. Demographic and clinical characteristics of the
study population are shown in Table 1. Most women were
HIV-infected (74%), less than 36 years of age (51%), and non-
white (85%). Almost a third reported a history of IDU at
baseline.

Prevalence of HCVþ

The prevalence of HCV antibody positive (HCVþ) status
for the overall population was 31.5% (n¼ 1145) including 154
(13.5%) with no reported history of IDU or blood transfusions.
The prevalence was highest among the women with both IDU
and a blood transfusion (90.8%) and lowest among women
with no IDU or blood transfusions (6.5%) with percentages in
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between for those with only IDU (85%) or only blood trans-
fusion (20%).

Factors associated with prevalent HCVþ status:
unadjusted models

Table 2 summarizes, in unadjusted models, factors associ-
ated with HCVþ status for the total population and stratified
by IDU. Among both IDU and non-IDU women, history of
blood transfusion, being HIVþ, older age, unemployment,
smoking, gonorrhea, syphilis, and history of hepatitis B were

significantly positively associated with HCVþ status. In
women who reported IDU, lower education, exchanging sex
for drugs or money, and black and Hispanic race=ethnicity
(compared to white) were significantly positively associated
with HCVþ. In women without reported IDU, additional
factors significantly associated with HCVþ status were birth
in the United States and sex with an IDU male.

Factors associated with HCVþ in non-IDU women:
adjusted models

Among women with no IDU, multivariate logistic regres-
sion analyses were performed (total group and stratified by
HIV status) using those variables associated with prevalent
HCV infection in the non-IDU strata with p< 0.10 (Table 2).
For the total group, factors that remained independently
( p< 0.05) associated with HCV infection were HIV infection,
age greater than 35 years, hepatitis B infection, birth in the
United States, unemployment, blood transfusion, current
smoking, and sex with an IDU male (OR¼ 1.8, CI¼ 1.3, 2.5;
Table 3). Variables that were not significant in multivariate
modeling were annual income, education, crack, cocaine and
heroin use, gonorrhea and syphilis. Each of these variables
was brought back into the model one at a time, but none were
statistically significant.

In logistic regression analyses stratified on HIV status, all
independent variables that were significantly associated with
HCV in the total group were also significant in multivariate
modeling for the HIVþ women. CD4 lymphocyte count
�200 cells=mm3 compared to >200 cells=mm3 was included
in this model and was marginally significant (OR¼ 1.4,
CI¼ 1.0, 2.1). While the ORs for association were in the same
direction and of similar magnitude in HIV� and HIVþ
women, statistical significance was reached in HIV� women
only for age greater than 35 years and hepatitis B infection.
None of the tests for interaction between HIV status and the
variables in the final reduced model showed statistically sig-
nificant differences in the ORs between the HIVþ and HIV�
strata. The association of HCV status and sex with an IDU
male was of greater magnitude in the HIVþ women
(OR¼ 1.9, 95% CI¼ 1.3, 2.7, p¼ 0.0007) compared to HIV�
women (OR¼ 1.1, 95% CI¼ 0.4, 2.7) although these associa-
tions were not significantly different ( p¼ 0.25).

Discussion

In this large sample of HIV-infected and high-risk
HIV-uninfected women, we found that among women who
self-reported no history of IDU, sex with an IDU male was
independently associated with prevalent HCV infection after
controlling for receipt of blood transfusion, older age, unem-
ployment, smoking, birth in the United States, and hepatitis B
infection. This effect was statistically significant only for the
HIV-infected although no statistically significant interaction
was noted. While this study is cross-sectional, it is possible
that HIV infection may play a role in increasing the likelihood
of HCV sexual transmission because of a compromised im-
mune system in the setting of continued high-risk sexual be-
haviors.

In this study group, the prevalence of HCV infection
among women with no reported history of IDU or receipt of
blood transfusion was 6.5% (3.6% for the HIV� and 7.7% for
the HIVþ). Because of the large proportion of HIV-infected

Table 1. Baseline Characteristics

of Study Participants

Characteristic

No. (%) of
study participants

(n¼ 3636)

Age (in years)
�35 1840 (50.6)
>35 1796 (49.4)

HIV status
HIV negative 933 (25.7)
HIV positive 2703 (74.3)

Unemployed
Yes 2655 (73.0)
No 974 (26.8)
Missing 7 (0.2)

Annual income
�$12,000 2109 (58.0)
>$12,000 1413 (38.9)
Missing 114 (3.1)

Race=ethnicity
White 541 (14.9)
Black 2104 (57.9)
Hispanic 869 (23.9)
Others 122 (3.4)

Country of birth
United States 2964 (81.5)
Others 668 (18.4)
Missing 4 (0.1)

Education
High school or more 2256 (62.0)
Less than high school 1365 (37.6)
Missing 15 (0.4)

Traded sex for drugs or money
Never 2409 (66.0)
Ever 1226 (33.6)
Missing 13 (0.4)

Alcohol use
Abstainer 1622 (44.5)
Light (<3 drinks per week) 1079 (29.7)
Moderate (3–13 drinks per week) 566 (15.6)
Heavy (14 or more drinks per week) 292 (8.0)
Missing 81 (2.2)

Current smoking
No 1720 (47.3)
Yes 1903 (52.4)
Missing 12 (0.3)

History of blood transfusion
No 3295 (90.7)
Yes 341 (9.4)

History of injection drug use
No 2522 (69.4)
Yes 1114 (30.6)

FACTORS ASSOCIATED WITH HCV AMONG HIV+ NON-IDU WOMEN 917
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women in our study with high-risk behaviors for both HIV
and HCV infection, this prevalence is higher than has been
reported for other high risk groups such as patients at two
large STD clinics in Canada (3.4%), a sample of sexually ac-
tive, nontransfused, inner-city women with no evidence of
IDU (1.6%), and among women residing in low-income
neighborhoods of northern California (2.5%).1,8,25

In the United States, it is estimated that IDU accounts for
approximately 60% of HCV transmissions, blood transfusion
for less than 5%, sexual exposures approximately 10%–20%,
other exposures 10%, with 10% due to unidentified sources of
infection.2 In our cohort of HCV positive women, 86.5%
reported exposure through parenteral routes leaving 13.5%
potentially due to other exposures, including sexual trans-
mission.

Consistent with other studies, we showed that risk-taking
behaviors including history of drug use (including crack, co-
caine, and heroin), smoking, drinking, and high-risk sex
(trading sex for drugs or money, sex with an HIV-positive
male, more lifetime sexual partners and STDs) were associ-
ated with a higher prevalence of HCV infection.7,10,25–28 A
recent study of risk factors associated with acute HCV infec-
tion found that 11 of 13 cases with unknown mode of trans-
mission reported high-risk sexual behavior.29 While it has
been demonstrated among married couples with one HCV-
infected member that HCV sexual transmission is not effi-
cient,30 molecular epidemiologic studies have nonetheless
shown that HCV RNA can be detected in the semen of HCV
viremic men, and men coinfected with HIV are more likely to
have HCV RNA detected in the semen than men with only
HCV infection.15,31–33 Only further studies using experimen-
tal infection in a cell culture system or an animal model would
prove that HCV RNA positivity in semen reflects the presence
of infectious virus.

Further study of the sexual practices of women with HIV
and at risk for HIV may shed light on potential mechanisms of
sexual transmission of HCV. Like HIV, STDs may increase the
risk of HCV transmission through ulcerative lesions, provid-
ing a portal of entry for HCV. Anal sex, intercourse during
menstruation, and sex with physical trauma may also provide
avenues for enhanced sexual transmission of HCV through
exposure to blood. Among HIV-infected MSM, it has been
suggested that high-risk sexual practices including anal fist-
ing and sex in the presence of ulcerative coinfections are as-
sociated with HCV acquisition and may have fueled recent
HCV outbreaks in this subgroup of MSM.34,35 These same
mechanisms may be important for HCV transmission among
HIV-infected women engaging in high-risk sexual practices.36

Our study supports earlier findings of Hershow37 et al. in
1998 who evaluated a subgroup of the WIHS cohort (n¼ 296)
and found as we did that while IDU was the strongest pre-
dictor of HCV infection, sexual risk factors were also inde-
pendently associated. Our analyses expand on their work by
examining the entire WIHS group. While Hershow found
only a marginally significant effect of HIV status, we found a
statistically significant effect of HIV status for both those with
and without IDU.

Because IDU was defined by self-report, it is possible that
some women classified as non-IDU chose not to report their
own IDU. We attempted to minimize this possible misclassi-
fication by excluding 12 women who reported no baseline
IDU but later reported IDU at a subsequent WIHS visit.

Analysis of the WIHS longitudinal data through 2004 showed
overall consistency in reporting of IDU over time. Only 0.5%
(12=2522) of the non-IDU women at baseline reported IDU
during a follow-up visit compared to 39% of those with IDU at
baseline. Of these 12 women, four reported IDU within 1 year
of the baseline visit, two within 2 years, and the remaining six
reported IDU 5 or more years after the baseline visit. While
these 12 women did not differ from the total population by
HIV status, age or HCV status, they were removed from the
analysis because of the potential for misclassification of their
baseline IDU status. Prior studies have also shown that self-
reported information from WIHS participants correlates with
appropriate biologic markers.38

While IDU women are known to partner with IDU men,
studies of sexual behaviors of IDU men have found that they
commonly choose non-IDU women as their sex partners.39,40

Neaigus et al. have recently shown that HIV-infected injecting
and non-injecting male drug users were more likely to have
lower risk sexual partners (HIV- and non-IDU) than high-risk
partners, creating a potential bridge for STDs diseases from a
high-prevalence to a low-prevalence population.41

Consistent with other studies we found that HCV was as-
sociated with older age, birth in the United States, level of
education, poverty, hepatitis B infection, and being HIV-
infected.1,10,25–27 Being unemployed has not previously been
reported as a factor associated with HCV, although low so-
cioeconomic status and poverty have been described as risk
factors.8,18,25,28 It is possible that being unemployed may be
related to poor health and greater risk-taking behaviors and
thus a greater susceptibility to acquiring HCV through both
parenteral and nonparenteral means. Further work is needed
to determine the specific types of sexual activity that might
predispose to HCV transmission.

Limitations of this study include the potential for under-
reporting STDs, risk behaviors and recall bias, particularly
regarding IDU, STDs, and sexual behaviors. Our study did
not address specific sexual habits that may increase HCV
transmission risk as well as other possible risk factors for
transmission, including sharing of razors or toothbrushes,
receipt of tattoos, or body piercings. Data regarding cohabi-
tation where these issues could have been explored were not
collected in WIHS. Similarly, data were not collected regard-
ing the sharing of straws or other devices to snort drugs,
which have been hypothesized as potential mechanisms for
HCV transmission through hyperemic and traumatized nasal
mucosa. Importantly, this was a cross-sectional analysis of
prevalent HCV infection and thus, no conclusions can be
made about the risk factors for acquiring HCV infection over
time. In IDU populations, the time since first injection is fre-
quently used to judge length of HCV infection because HCV
transmission risk is high due to very high blood HCV levels.
However, similar assumptions cannot be made with sexual
transmission as the risk following sexual exposure is much
lower than following blood exposure, most probably since
genital HCV levels are very low or undetectable.42,43 Finally,
another limitation of the study is the possible underestima-
tion of HCV among the HIV-positive women because of the
higher rate of false-negative HCV antibody tests in this pop-
ulation, particularly those with IDU and CD4 cell counts
<200 cells=mm3.44,45

While in the United States HCV infection due to blood
transfusions is diminishing due to blood screening, HCV is
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still a major public health concern. Use of injection and non-
injection drugs is still a major problem and is associated with
trading sex for drugs or money and engaging in risky sexual
behaviors. Concerns about the higher HCV prevalence and
increasing HIV rates in Hispanics, who are the fastest growing
ethnic minority group in the United States, should alert public
health officials to the importance of the potential for sexual
transmission of HCV.46 Similarly, in the United States, HCV
prevalence rates are highest for non-Hispanic black men be-
tween 40–49 years of age raising concern about the potential
transmission of HCV to their sexual partners who might en-
gage in high-risk sexual behaviors.1

In conclusion, our study demonstrates an overall HCV
prevalence of 6.5% among HIV-infected and high-risk HIV-
negative women without a history of IDU or receipt of blood
transfusions. In multivariate analyses, older age, birth in the
United States, unemployment, hepatitis B, HIV coinfection,
and sex with an IDU were associated with HCV infection.
Further study of other factors that may increase HCV trans-
mission may provide important information regarding the
mechanisms of HCV transmission and how to prevent such
transmissions among HIV-infected women with multiple risk
factors.
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