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Presence and Predictors of Hepatitis C Virus
RNA in the Semen of Homeless Men

Adeline Nyamathi, PhD, ANP, FAAN
Wendie A. Robbins, PhD, RN
John L. Fahey, MD, MS
Dorothy Wiley, PhD, RN
Vyacheslav A. Pekler, BS
Douglas Longshore, PhD
Terry A. Robins, PhD
Jan Singh, MD
Sammy Saab, MD

Although the possibility of sexual transmission of
the hepatitis C virus (HCV) remains controversial, lit-
tle is known of the associations of positive semen spec-
imens with potential demographic and behavioral risk
factors. Knowledge of these predictors may suggest
factors that increase risk of HCV RNA in the semen.
Semen and blood from 80HCV-infected homeless men
were evaluated for the presence ofHCVRNAbymeans
of branch DNA and transcription-mediated amplifica-
tion analyses. Associations of selected demographic
and behavioral characteristics of the participants with
presence or absence of HCV in their semen were also
assessed. HCV RNAwas detected in the semen of 36%
of the sample. Associations were foundwith HCVRNA
in semen and older age, higher viral loads of HCV in
blood, current alcohol and lifetime methamphetamine
use, and having been vaccinated for the hepatitis B
virus. Findings suggest that sexual transmission of
HCV is plausible and shed light on the need to conduct
more in-depth investigations.
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Although parenteral transmission of the hepatitis C
virus (HCV) is well established (Des Jarlais and
Schuchat 2001; Hagan and others 2001), the possibil-
ity of sexual transmission of HCV remains controver-

sial (Bresters and others 1993; Osmond and others
1993; Ward and others 2000). Data from several stud-
ies indicate no parenteral exposure in 30% to 40% of
all HCV cases (McLindon and others 1995; Semprini
and others 1998). Furthermore, several researchers have
reported that HCV in noninjection drug users was
related to sex with multiple partners; having exchanged
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sex for drugs, shelter, or money; duration of paid sex;
and sexually transmitted disease (STD) infection
(Nakashima and others 1992; Xi-Ping and others
1995; Hershow and others 1998).

A number of recent studies have reported the pres-
ence of HCV RNA in seminal fluid, thus providing a
biological basis for sexual transmission. Prevalence of
HCV RNA in the semen has ranged from low (less than
1%) (Fiore and others 1995) to high (38%) (Liou and
others 1992; Leruez-Ville and others 2000). However,
a fair number of studies have detected no HCV RNA in
the semen of HCV-infected individuals (Hsu and oth-
ers 1991; Fried and others 1992; Semprini and others
1998). Conflicting data may be explained in part by
differences in the collection and/or storage of semen
specimens prior to analysis (Levy and others 2000).
For example, it has been conjectured that during the
time between specimen collection, freezing, and sub-
sequent RNA extraction, enzymes, such as proteases
or lipases present in human secretions, may destroy the
HCV virus and degrade the genome, thus destroying
the template necessary for polymerase chain reaction
amplification (Hsu and others 1991; Fiore and others
1995). In addition, researchers have found that previ-
ous qualitative and quantitative assays for HCV RNA
may have been poorly standardized in terms of reac-
tion, condition, primer sequences, and the use of con-
trols in the study design (Ackerman and others 1998).

Only a few studies examined associations of posi-
tive semen specimens with potential demographic and
behavioral risk factors (e.g., age, ethnicity, substance
use). Caldwell and others (1996) reported that 12.5%
of their sample had HCV RNA in their semen; how-
ever, no association was found between positive semen
and HCV viral load in the blood. Fiore and others
(1995) found that 1 of 11 patients had HCV RNA in
their semen, but this was not related to HCV RNA in
the blood, CD4 cell count, stage of HCV infection, or
extent of liver damage. On the other hand, Leruez-
Ville and others (2000) reported that patients with
HCV RNA in their semen (38%) had higher median
blood viral loads than those who were HCV RNA–
negative. Knowledge of these predictors is important,
as it may suggest factors that increase risk of HCV
RNA being detected in the semen, and possibly in-
crease the potential of sexual transmission of HCV to
uninfected sexual partners.

In this study, we measured HCV RNA in semen and
plasma samples from 80 HCV-infected homeless men
by means of branch DNA (bDNA) and transcription
mediated amplification (TMA) analysis. We also as-
sessed the associations of selected demographic and
behavioral characteristics of the participants with
presence or absence of HCV in their semen.

Methods

Subjects and Setting

The sample for this study originally consisted of
106 homeless men who were referred from the John
Wesley Community Health Medical Clinic in the Skid
Row area of Los Angeles by medical care providers
who were aware of the eligibility criteria for the study.
Moreover, a flyer announcing the study was posted in
the medical clinic. These men resided in shelters or ho-
tels nearby. One hundred six of these men were eligi-
ble for the study: men were 18 to 65 years of age, pos-
sessed verifiable evidence of being HCV-positive by
laboratory and medical record data (often based on
high liver enzyme results), agreed to provide a semen
and blood sample on site, and completed a 15-min
questionnaire detailing potential demographic, bio-
logic, and behavioral risk factors for HCV transmis-
sion. Men with a history of vasectomy and men who
were judged incoherent or actively hallucinating by
the study nurses were excluded. Two of the 106 (2%)
eligible volunteers could not provide a semen speci-
men, and their data were excluded. Informed consent
was obtained from all subjects participating in the
study. Informed consents were reviewed and approved
by the University of California, Los Angeles, Medical
Institutional Review Board.

Procedures

After the study was explained and written informed
consent was obtained, a study nurse screened potential
participants to be sure they met the eligibility require-
ments. All eligible participants were then asked to col-
lect a semen specimen privately, by masturbation, using
standard collection methods (World Health Organiza-
tion 1992). Semen specimens were frozen on dry ice
immediately post collection. After semen specimen



collection, 10 mL of ethylenediamine-tetraacetic acid
(EDTA)–preserved blood was collected. Subsequently,
each man completed an interviewer-administered 15-
min structured questionnaire. The participants were
paid for providing the specimens and completing the
survey and questionnaire. Semen specimens were pre-
served at –70 °C on dry ice until HCV testing was per-
formed; these and blood specimens were transported
to the laboratory daily for batch analysis.

Paired semen and plasma specimens were analyz-
able for 80 of the 104 men sampled. The bDNA proce-
dure requires serum or plasma, although TMA can be
run on either cells or plasma. To accommodate running
bDNA on every blood and semen sample, semen sam-
ples were allowed to liquefy on wet ice and then spun
for 3 min at 2500 g at 4 °C in an Allegra 64R centrifuge
(Beckman Coulter, Fullerton, CA) to separate seminal
plasma from cells so that testing could be performed
on seminal plasma. However, only 6 semen specimens
were found to be bDNA-positive (quantitative assay)
compared to 29 semen specimens that were TMA-pos-
itive (nonquantitative assay). The small number of
bDNA-positive semen specimens limited the ability to
test for quantitative viral loads in blood versus semen.

Measures

Sociodemographic Characteristics

Information collected by the structured question-
naire included age, sex, race, education, veteran status,
relationship status, country of birth, history of incar-
ceration, health status, history of homelessness, drug
treatment history, and length of time in the United States.

Biological Variables

Quantification of HCV RNA in blood plasma and
semen was conducted according to standard operating
procedures developed by Specialty Labs in Santa
Monica, California. The Versant HCV RNA 3.0
bDNA assay was used for blood and semen specimens.
This assay is a signal amplification nucleic acid probe
technique for the direct quantification of HCV RNA
and has been proven to be sensitive in blood plasma
and serum for detecting a range of 521 to 8.3 × 106

HCV IU/mL (Germer and Zein 2001). In addition, to
detect even lower amounts of HCV RNA, blood that

was negative using bDNA and all semen specimens
were analyzed using VERSANT HCV-RNA qualita-
tive assay based on TMA (Bayer Diagnostics,
Emoryville, CA). This method is capable of detecting
down to 5 IU/mL at 100% sensitivity (Ross and others
2001).

Nonsexual Behavioral Variables

Drug and alcohol use were measured by the revised
Texas Christian University (TCU) Drug History Form
(Simpson and Chatham 1995). This questionnaire has
been tested with men and women with a history of drug
addiction, prostitution, and homelessness. It records
the frequency of use of 16 drugs by injection, or other
means, during the past 6 months and also elicits infor-
mation about lifetime use. Drugs assessed are heroin,
street methadone, other opiates, cocaine, crack, meth-
amphetamine and other amphetamines, inhalants,
marijuana/hashish, hallucinogens, tranquilizers, bar-
biturates, other sedatives, designer drugs, and alcohol
and nicotine. The CAGE questionnaire was adminis-
tered to assess persons with a high likelihood of alco-
hol dependence or abuse. Injection drug use was de-
fined as any use of drugs by injection, regardless of
frequency, during the past 6 months (recent) and life-
time. Objective measures of drug use were not ob-
tained, as they only provide relatively short-term evi-
dence of drug use. Furthermore, our research team
collected hair samples in a previous study of homeless
women and found reasonable concurrence between
self-report and objective evidence of cocaine use
(Nyamathi and others 2001). Other behavioral risk
factors that were assessed include sharing needles and
syringes (works) and accessories, tattooing, piercing,
and sharing personal hygiene implements, such as
toothbrushes and razors.

Sexual Behavior

Participants’ sexual behavior was assessed by a 13-
item Sexual Activity Questionnaire, developed by
Temoshok (1986), that measures types and frequency
of sexual activity, particularly as it relates to protected
and unprotected activity lifetime and during the past 6
months. Sexual risk behaviors included trading sex for
money, nonuse of condoms, partner shooting drugs,
vaginal sex, sexual activity in the past 6 months, and
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lifetime STDs. Nature of partners, length of current re-
lationships, and lifetime number of male and female
sexual partners were also assessed.

Data Analysis

Differences in categorical sociodemographic and
behavioral characteristics between those who did and
did not have evidence of HCV RNA in their semen
samples were examined with chi-square and Fisher ex-
act tests. Differences between the 2 groups in continu-
ous variables were assessed with independent sample t
tests. Serum levels of HCV were log transformed for
analysis, although untransformed values are presented
in Table 1. To identify independent predictors of de-
tecting HCV RNA in semen, stepwise backward logis-
tic regression analysis was conducted using variables
in Tables 1 to 3 that were associated with the outcome
at the 0.10 level. The P value for retention was also set
at 0.10.

Results

Presence of HCV RNA in Homeless Men

Paired semen and plasma specimens were analyz-
able for 80 of 104 men sampled. Of these men, HCV
RNA was detected in the semen of 29 of 80 (36%) of
the sample. Twenty four specimens were excluded as a
result of clotted blood (4), HCV RNA–negative blood
plasma (10), and unmanageability or indetermination
due to the immediate freezing and subsequent failure

to liquefy, excessive foam, viscosity, or other charac-
teristics of the semen (10).

Overall, for this sample of 80 men, the mean age was
46 ± 6.5 years and the mean educational attainment was
12 years (Table 1). Homeless men who had evidence of
HCV RNA in their semen were found to be older than
those who did not. Furthermore, virus load in blood
plasma was associated positively with HCV RNA in
the semen. As displayed in Table 2, no significant rela-
tionships were found between HCV RNA in the semen
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Table 1. Associations between Key Characteristics and Finding Hepatitis C Virus (HCV) RNA in the Semen

HCV-Positive Semen HCV-Negative Semen
(n = 29) (n = 51)

Mean SD Mean SD P Value

Sociodemographic factors
Age 48.3 7.1 45.5 5.9 0.058
Education 12.2 1.4 12.2 2.3 0.998

Biological factor
HCV viral load in blood 2,886,276 2,576,055 1,662,257 2,879,015 0.001a

a. Based on a t test for group differences in means of log-transformed viral load.

Table 2. Prevalence of Hepatitis C Virus (HCV) RNA in Se-
men as a Function of Major Sociodemographic and
Biological Characteristics

HCV-
Positive Semen

n %a P Value

Sociodemographic factors
Race 0.343

Black 14 30.4
White 8 50.0
Hispanic 7 41.2

Veteran 0.183
Yes 17 43.6
No 12 29.3

Lifetime jail 0.264
Yes 27 35.1
No 2 66.7

Biological factor
HIV-positive (self-report) 0.703

Yes 3 42.9
No 26 35.6

NOTE: TheP value represents the significance of comparisons be-
tween HCV-positive and HCV-negative men on each of the factors.
a. Percentage of those with the factor who were positive (e.g.,
30.4% of black participants had HCV-positive semen).



and race/ethnicity, veteran status, or HIV-positive sta-
tus. Furthermore, education and history of homeless-
ness were not related to testing positive for HCV in the
semen.

Drug Use and Sexual Risk Variables

Homeless men who were lifetime users of metham-
phetamine were more likely to have HCV RNA de-
tected in their semen than their counterparts who did
not use this particular drug (Table 3). Men who used
barbiturates, cocaine, and methadone were also more
likely to have HCV RNA detected in their semen com-
pared to men who did not use these drugs. These find-
ings were not demonstrated for lifetime noninjection
drug users or heroin users. Homeless men who re-
ported alcohol use at least twice a week in the past 6
months were more likely to have HCV RNA detected
in their semen than those who drank less often. Life-
time alcohol revealed a similar, but somewhat attenu-
ated, pattern. Other potentially unsafe parenteral risk
factors, such as sharing needles, razors, straws, or
toothbrushes, and having tattoos, were not found to be
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Table 3. Prevalence of Hepatitis C Virus (HCV) RNA in Se-
men as a Function of Selected Substance Use and
Behavioral Characteristics

HCV-Positive
Semen

n %a P Value

Drug-related risk factors
Share needles 0.429
Yes 18 40.0
No 11 31.4

Share straws 0.555
Yes 10 32.3
No 19 38.8

Other risk behaviors
Share toothbrushes 0.230
Yes 6 26.1
No 23 40.4

Tattoo 0.104
Yes 11 27.5
No 18 45.0

Sexual risk behaviors
Trade sex for money 0.162
Yes 9 27.3
No 20 42.6

Use condom with nonregular
partners 0.241
None of the time 8 32.0
A little of the time 1 14.3
Some of the time 2 25.0
Most of the time 1 16.7
All of the time 11 52.4

Partner shot drugs 0.278
Yes 15 42.9
No 14 31.1

Vaginal sex 0.224
Yes 12 26.7
No 3 50.0

Sexually active past 6 months 0.060
Yes 15 28.9
No 14 50.0

More than 20 lifetime partners 0.028
Yes 12 26.1
No 17 50.0

Lifetime sexually transmitted disease 0.408
Yes 12 31.6
No 17 40.5

Lifetime alcohol 0.682
Yes 28 35.9
No 1 50.0

Alcohol past 6 months 0.013
≥ 2 times per week 18 51.4
< 2 times per week 11 24.4

Lifetime barbiturates 0.044
Yes 11 55.0
No 18 30.0

Table 3. Continued

HCV-Positive
Semen

n %a P Value

Lifetime cocaine 0.038
Yes 25 43.1
No 4 18.2

Lifetime crack 0.543
Yes 21 34.4
No 8 42.1

Lifetime methadone 0.018
Yes 7 70.0
No 22 31.4

Lifetime methamphetamine 0.006
Yes 15 57.7
No 14 25.9

Lifetime other amphetamines 0.046
Yes 12 52.2
No 16 28.6

Crack past 6 months 0.981
Yes 13 36.1
No 16 34.4

NOTE: TheP value represents the significance of comparisons be-
tween HCV-positive and HCV-negative men on each of the factors.
a. Percentage of those with the factor who were positive (e.g., 40%
of those who share needles had HCV-positive semen).



associated with having evidence of HCV RNA in the
semen.

In terms of sexual behaviors, only 1 important asso-
ciation was found. Men with 20 or more lifetime part-
ners were less likely to have HCV RNA in their semen
than those with fewer partners (Table 3).

Biological and Health History Factors

Homeless men who had HCV RNA in their semen
had substantially higher blood levels of HCV com-
pared to those not found to have HCV RNA in their se-
men. In particular, homeless men who tested positive
for HCV RNA in their semen had mean and median
HCV blood levels of 2,886,276 and 1,800,000 IU/mL,
respectively. In contrast, those who tested negative had
mean and median HCV blood levels of 1,662,257 and
791,500 IU/mL, respectively. Men who had completed
a hepatitis B virus (HBV) vaccine series were also
more likely to have HCV RNA in their semen than
homeless men who had not completed this series.

Multivariable Analyses

From these analyses, our model showed that age,
lifetime methamphetamine use, HCV plasma virus
load, and frequent recent alcohol use were associated
positively with evidence of HCV in the semen (Ta-
ble 4). For example, men who used methamphetamine
in their lifetime were more than 10 times as likely as
nonusers to test positive for HCV RNA in semen, and
men who used alcohol at least twice a week in the past
6 months were 6 times as likely to test positive for
HCV RNA as men who drank less often. However,

lifetime number of sex partners was found to be associ-
ated negatively with HCV RNA in semen.

Discussion

Scientific and clinical literature reports a range of
HCV-positivity in semen from low to no positives
(Hsu and others 1991; Semprini and others 1998) to
those reporting a high prevalence of HCV RNA in the
semen of HCV-infected persons (Liu and others 1994;
Leruez-Ville and others 2000). Our study, conducted
with homeless men who were validated by laboratory
or medical chart data to be HCV positive, revealed one
of the highest rates of HCV in the semen, 36%. Rapid
freezing and storage of semen plus choice of TMA and
bDNA laboratory assays contributed to the successful
detection of HCV RNA in the semen in the current
study. The finding of 36% positive semen in the pres-
ent study, as well as the findings of other investigators,
provides a first step toward identifying a biological ba-
sis for sexual transmission of HCV.

Although investigators have been quick to conclude
that sexual transmission of HCV occurs infrequently,
if at all (Fried and others 1992), they also suggest a
need to determine whether coinfections, such as STDs,
or high levels of HCV viral load facilitate sexual trans-
mission. Although our study did not support the rela-
tionship of HCV RNA detection in the semen with life-
time history of STDs or number of sexual partners,
other studies have found associations of HCV infec-
tion with multiple sexual partners (Xi-Ping and others
1995) and duration of paid sex (Nakashima and others
1992). Moreover, we unexpectedly found an inverse
association between recent sexual activity and HCV
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Table 4. Logistic Regression Analysis of Factors Predicting Detection of Hepatitis C Virus (HCV) RNA in the Semen of Homeless
Men (n = 80)

Semen HCV-Positive Semen HCV-Positive
Unadjusted Odds Ratios Adjusted Odds Ratios

(n = 80) (n = 80)

Odds 95% Confidence Odds 95% Confidence
Variable Ratio Interval P Ratio Interval P

Age 1.07 0.99–1.16 0.039 1.16 1.04–1.30 0.010
Lifetime methamphetamine use 3.90 1.45–10.46 0.007 10.24 2.30–45.64 0.002
Viral load 2.04 1.29–3.22 0.002 1.96 1.14–3.39 0.016
Alcohol past 6 monthsa 3.27 1.27–8.46 0.014 6.41 1.68–24.41 0.007
Sexually active past 6 months 0.41 0.16–1.05 0.064 0.24 0.06–0.92 0.037

a. Used alcohol at least twice a week during the previous 6 months.



RNA in semen. Although these findings are unexplain-
able, they do suggest the need for more research in this
area.

We found no association with reported HIV-
seropositivity and HCV RNA in the semen. This find-
ing, based on self-report data, has been supported by
Fiore and others (1995). In addition, Fiore and others
reported no association of HCV RNA with CD4 cells,
stage of HIV disease, or extent of liver damage. These
findings, along with studies showing that spouses of
HCV-infected individuals more often demonstrate
HCV infection than spouses of non-HCV-infected part-
ners (Liou and others 1992; Xi-ping and others 1995),
provide support for further investigations directed at
assessing the incidence of HCV among previously un-
infected sexual partners of HCV-infected persons. These
studies can shed more light on possible sexual trans-
mission of HCV and aid in the development of guide-
lines to protect against the spread of HCV infection.

Although there is a paucity of research that assesses
predictors of HCV RNA in the semen of HCV-infected
persons, older age and longer duration of marriage ap-
pear to be factors associated with HCV antibody con-
cordance among couples (Kao and others 1992). Al-
though our sample did not lend itself to an examination
of marital duration, we did find that homeless men
who were older were more likely to have HCV RNA
detected in their semen.

Our study did support an association between HCV
RNA in semen and higher levels of HCV RNA in the
blood. An association of HCV RNA in semen and
higher loads of HCV in the blood is supported by con-
tentions that a threshold effect may occur in which a
minimal concentration of virus in the blood must be
present before virus will begin to spill over into other
body secretions (Dore and Kaldor 2000; Leruez-Ville
and others 2000). This seems, in fact, quite likely,
when one compares viral loads of HBV and HCV. For
example, whereas HBV is well documented in saliva,
urine, and semen, with copies ranging from 105 to 106

of HBV RNA in saliva and semen (Jenison and others
1987), viral titers of HCV in the blood have been much
lower (Fried and others 1992). These findings have led
scientists to conclude that the low levels of HCV in the
blood do not produce sufficient viral shedding for
HCV RNA to be detected in secretions, even when am-
plified by the polymerase chain reaction technique
(Fiore and others 1995).

To our knowledge, relationships between current
alcohol and lifetime methamphetamine use and having
HCV RNA in semen have not previously been re-
ported. These findings suggest that for persons who
are destitute and quite vulnerable to escaping the pres-
sures of the outside world, methamphetamine use may
propel them into environments that encourage them to
engage in continued risky behaviors. However, be-
cause other drugs were also associated with the pres-
ence of HCV RNA in the semen, the multiple drug use
profile could be driving the methamphetamine results.
This is likely to be the case, as methamphetamine use
was associated with multiple drug use. Nevertheless,
methamphetamine use has been associated positively
with greater frequency of high-risk sexual behaviors
(e.g., anal intercourse among heterosexuals and homo-
sexuals alike) (Molitor and others 1999). The effect of
recreational drug use on the immune system and repro-
ductive tract are unclear currently; whether these ex-
posures modify movement of HCV virions from the
serum into the seminal compartment is an important
question for future studies. It is also possible that
methamphetamine use is a marker for aspects of sex
risk not captured in our sex variables. For example, sex
partners of methamphetamine users were more likely
to be methamphetamine injectors than were sex part-
ners of heroin users (Zule and Desmond 1999). Thus,
methamphetamine might be a marker for the intersec-
tion of sexual and injection risk, making HCV trans-
mission more likely (Ackerman and others 1998).
Nevertheless, there is still no clear explanation for the
association between methamphetamine use and the
detection of HCV RNA in semen. This is likewise true
for the finding that persons who had completed the
HBV vaccination series were more likely to have HCV
RNA detected in their semen than their counterparts
who had not completed the HBV vaccination series.

There are several limitations in this study. These in-
clude self-report of HIV status and of drug and sexual
activity. However, in a previous investigation, we
found good concordance between self-reported cocaine
use and objective evidence of cocaine use as measured
by hair analysis (Nyamathi and others 2001). We at-
tribute these findings to the strong and nonthreatening
rapport that was developed between the homeless par-
ticipants and the research staff. Another limitation is
the West Coast perspective of these participants. Still
another limitation is that homeless men are likely to
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have compromised immune systems, although none of
the homeless history variables made a difference. We
did not collect data on length of time various drugs
were used, frequency of use, or amounts of drugs used,
all of which may affect the findings of the study.
Finally, the small number of bDNA-positive semen
specimens limited the ability to test for quantitative vi-
ral loads in blood versus semen.

In summary, 36% of semen tested from this HCV-
infected homeless population was positive for HCV
RNA. Findings of our study reveal that homeless per-
sons with HCV infection who have used methamphet-
amine and alcohol during their lifetime may be at in-
creased risk for the presence of HCV RNA in their
semen and, thus, are perhaps more likely to transmit
HCV to a sexual partner. Although much needs to be
understood about nonparenteral transmission of HCV,
there is growing concern that guidelines for the pre-
vention of sexually transmitted HCV infection must be
clearly developed. The possibility of sexual transmis-
sion of HCV is particularly worrisome among home-
less adults, as more than 70% report having unpro-
tected sex with multiple partners (Nyamathi and others
1999). Furthermore, Osmond and others (1993) con-
tend that sexual behavior can inevitably transmit a sig-
nificant proportion of new HCV infections in the
United States annually. Even though sexual transmis-
sion occurs less often than parenteral transmission, the
potential exists for a large pool of carriers who could
generate a significant number of secondary cases by
sexual spread. Finally, published advice is conflicting
about whether the use of condoms among discordant
HCV-infected couples is necessary (Bresters and oth-
ers 1993). Findings of this study suggest sexual trans-
mission is plausible and highlight the need to conduct
more in-depth investigations among homeless and
general populations to determine who may be at risk
for sexual transmission. Results from such investiga-
tions may guide policy recommendations with regard
to the use of condoms for HCV prevention.

References

Ackerman Z, Paltiel O, Glikberg F, Ackerman E. 1998. Hepatitis C
virus in various human body fluids: a systematic review.
Hepatol Res 11:26-40.

Bresters D, Mauser-Bunschoten E, Reesink H. 1993. Sexual trans-
mission of HCV. Lancet 342:210-1.

Caldwell SH, Sue M, Bowden JH, Dickson RC, Driscoll CJ,
Yeaton P, Stevenson WC, Ishitani MB, McCullough CS, Pruett
TL, and others. 1996. Hepatitis C virus in body fluids after liver
transplantation. Liver Transpl Surg 2:124-9.

Des Jarlais DC, Schuchat A. 2001. Special focus: hepatitis C. Am J
Public Health 91:21-2.

Dore GJ, Kaldor JM. 2000. Detection of HCV RNA in semen. Lan-
cet 356:1520.

Fiore RJ, Potenza D, Monno L, Appice A, DiStefano M, Giannelli
A, LaGrasta L, Romanelli C, DiBari C, Pastore G. 1995. Detec-
tion of HCV RNA in serum and seminal fluid from HIV-1 co-
infected intravenous drug addicts. J Med Virol 46:364-7.

Fried MW, Shindo M, Fong T, Fox PC, Hoofnagel JH, DiBisceglie
AM. 1992. Absence of hepatitis C viral RNA from saliva and
semen of patients with chronic hepatitis C. Gastroenterology
102:1306-8.

Germer JJ, Zein NN. 2001. Advances in the molecular diagnosis of
hepatitis C and their clinical implications. Mayo Clin Proc 76:
911-20.

Hagan H, Thiede H, Weiss NS, Hopkins SG, Duchin JS, Alexander
ER. 2001. Sharing of drug preparation equipment as a risk fac-
tor for hepatitis C. Am J Public Health 91:42-6.

Hershow RC, Kalish LA, Sha B, Till M, Cohen M. 1998. Hepatitis
C virus infection in Chicago women with or at risk for HIV
infection. Sex Transm Dis 25:527-32.

Hsu HH, Wright TL, Luba D, Martin M, Feinstone SM, Garcia G,
Greenberg HB. 1991. Failure to detect hepatitis C virus genome
in human secretions with the polymerase chain reaction.
Hepatology 14:763-7.

Jenison SA, Lemon SM, Baker LN, Newbold JE. 1987. Quantita-
tive analysis of hepatitis B virus DNA in saliva and semen of
chronically infected homosexual men. J Infect Dis 156:299-307.

Kao JH, Chen PJ, Yang PM, Lai MY, Sheu JC, Wang TH, Chen DS.
1992. Intrafamilial transmission of hepatitis C virus: the impor-
tant role of infection between spouses. J Infect Dis 166:900-3.

Leruez-Ville M, Kunstmann JM, De Almeida M, Rouzioux C,
Chaix ML. 2000. Detection of hepatitis C virus in the semen of
infected men. Lancet 356:42-3.

Levy R, Tardy JC, Bourlet T, Cordonier H, Mion F, Lornage J,
Guerin JF. 2000. Transmission risk of hepatitis C virus in
assisted reproductive techniques. Hum Reprod 15:810-6.

Liou TC, Chang TT, Young KC, Lin XZ, Lin CY, Wu HL. 1992.
Detection of HCV RNA in saliva, urine, seminal fluid, and
ascites. J Med Virol 37:197-202.

Liu FH, Tian GS, Fu XX. 1994. Detection of plus and minus strand
hepatitis C virus RNA in peripheral blood mononuclear cells
and spermatid. Zhonghua Yi Xue Za Zhi 74:284-6, 325.

McLindon JP, Paver WK, Babbs C, et al. 1995. Hepatitis C-related
chronic liver disease among asymptomatic blood donors in the
north west of England. J Infect 30:253-9.

Molitor F, Bell RA, Truax SR, Ruiz JD, Sun RK. 1999. Predictors
of failure to return for HIV test result and counseling by test site
type. AIDS Educ Prev 11:1-13.

Nakashima K, Kashiwagi S, Hayashi J, Noguchi A, Hirata M,
Kajiyama W, Urabe K, Minami K, Maeda Y. 1992. Sexual
transmission of hepatitis C virus among female prostitutes and



patients with sexually transmitted diseases in Fukuoka,
Kyushu, Japan. Am J Epidemiol 136:1132-7.

Nyamathi A, Kington R, Flaskerud J, Lewis C, Leake B, Gelberg
L. 1999. Two year follow-up of AIDS education programs for
impoverished women. West J Nurs Res 21:405-25.

Nyamathi A, Leake B, Longshore D, Gelberg L. 2001. Reliability
of homeless women’s reports: concordance between hair assay
and self report of cocaine use. Nurs Res 50:165-71.

Osmond DH, et al. 1993. Risk factors for HCV seropositivity in
heterosexual couples. JAMA 269:361-5.

Ross RS, Viazov SO, Hoffman S, Roggendorf M. 2001. Perfor-
mance characteristics of a transcription-mediated nucleic acid
amplification assay for qualitative detection of hepatitis C virus
RNA. J Clin Lab Anal 15:308-13.

Semprini AE, Persico T, Thiers V, Oneta M, Tuveri R, Serafini P,
Boschini A, Giuntelli, S, Pardi G, Brechot C. 1998. Absence of
hepatitis C virus and detection of hepatitis G virus/GB virus C
RNA sequences in the semen of infected men. J Infect Dis
177:848-54.

Simpson D, Chatham L. 1995. TCU/DATAR forms manual. Ft.
Worth, TX: Institute of Behavioral Research, Texas Christian
University.

Temoshok L. 1986. Sexual Activity Questionnaire. Unpublished
questionnaire.

Ward H, Pallecaros A, Green A, Day S. 2000. Health issues associ-
ated with increasing use of “crack” cocaine among female sex
workers in London. Sex Transm Infect 76:292-3.

World Health Organization. 1992. Laboratory manual for the
examination of human semen and sperm-cervical mucous
interaction. Cambridge, UK: Cambridge University Press.

Xi-Ping Z, Dong-Liang Y, Zheng-Ya T, Yuan-Cheng H, Lian-Jie
H. 1995. Infectivity and risk factors of hepatitis C virus trans-
mission through sexual contact. J Tongji Med Univ 15:147-50.

Zule WA, Desmond DP. 1999. An ethnographic comparison of
HIV risk behaviors among heroin and methamphetamine injec-
tors. Am J Alcohol Abuse 25:1-23.

30 BIOLOGICAL RESEARCH FOR NURSING Vol. 4, No. 1, July 2002




