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Background: The role of sexual activity in hepatitis C virus (HCV) transmission remains controversial.
Studies to date have not explored the relationship between HCV shedding in cervicovaginal fluids and
the presence of menstrual or other blood.
Objectives: Since cross-sectional studies may underestimate the prevalence of viral shedding, we per-
formed a 56-day longitudinal study of cervical HCV shedding.
Study design: Women self-collected cervicovaginal swabs for 56 consecutive days, while keeping a diary
of menses and genital symptoms. Swabs were tested for HCV RNA and cellular DNA by quantitative PCR,
and hemoglobin by spectrophotometry.
Results: Sixteen women contributed a total of 701 cervicovaginal swabs (mean collection period 48
days, range 18-56). Detection of HCV RNA was associated with detection of hemoglobin. Premenopausal
women were more likely than post-menopausal women to have HCV RNA detected in cervicovaginal flu-
ids. For premenopausal women, detection of HCV RNA was more likely during menstruation (OR=56.4)
or when hemoglobin was detected in cervicovaginal fluids, even if menstruation was not occurring
(OR=35.4). No woman post-hysterectomy had HCV RNA detected in cervicovaginal fluids on any day,
regardless of whether hemoglobin was detected.
Conclusions: Our findings are consistent with a low likelihood of sexual transmission of HCV. The results
suggest that shedding of HCV RNA in the female genital tract is associated with the presence of blood,
and requires the presence of a cervix. Clinicians should consider advising premenopausal women who
are concerned about transmitting infection that infectivity may increase during menstruation.
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1. Background

While injection drug use is recognized as the primary mode of
hepatitis C virus (HCV) transmission in the United States,!-2 the role
of sexual activity in HCV transmission remains controversial. Sexual
risk factors, including number of sex partners? and history of sexu-
ally transmitted diseases,3~> are associated with an increased risk
of HCV infection, yet studies of monogamous serodiscordant het-
erosexual couples have repeatedly demonstrated a lack of sexual
HCV transmission.5-8
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There is some evidence that sexual transmission of HCV may be
possible ifassociated with blood exposure. Investigation of a cluster
of seven acute HCV infections in a sexual network of men who have
sex with men found that after parenteral risk factors were excluded,
unprotected active and passive fisting were associated with HCV
transmission.? Given the risk of trauma to the rectal mucosa during
fisting, this suggests that blood exposure during sexual activity may
increase the risk of HCV transmission.

Because of the lack of evidence of sexual transmission of HCV
in monogamous partners, the CDC has not recommended barrier
precautions for long-term monogamous couples.!® For hetero-
sexual discordant sexual partnerships in which the woman is
HCV-infected, no specific recommendations regarding transmis-
sion risks during menstruation have been made. However, advice
regarding the safety of sex during menses is commonly sought by
couples concerned about transmission of HCV, and this potential
mode of transmission begs further study.


dx.doi.org/10.1016/j.jcv.2010.09.009
http://www.sciencedirect.com/science/journal/13866532
http://www.elsevier.com/locate/jcv
mailto:chiaw@u.washington.edu
dx.doi.org/10.1016/j.jcv.2010.09.009

C.C. Wang et al. / Journal of Clinical Virology 50 (2011) 4-7 5

Several cross-sectional studies have reported detection rates
of HCV RNA in cervicovaginal fluids ranging from 0'! to 36%.1213
Two studies specifically excluded cervical samples that were con-
taminated by hemoglobin assessed by spectrophotometry!4 or
by the presence of erythrocytes assessed microscopically.’> The
remainder did not assess the presence of blood or hemoglobin in
connection with detection of HCV RNA.13-16 Thus, studies to date
have not explored the relationship between HCV shedding in cer-
vicovaginal fluids and the presence of menstrual or other blood in
the female genital tract.

2. Objectives

Longitudinal studies of HIV, HSV, HHV-8, and HCV have demon-
strated that virus shedding in body fluids is often intermittent;
as such, cross-sectional studies may substantially underestimate
the true prevalence of viral shedding.'”-20 We therefore chose
to implement a longitudinal study on cervical shedding of HCV,
since daily collection of cervicovaginal fluids allows evaluation of
the pattern of HCV shedding in relationship to menstrual flow for
each study participant. Here we present data on detection of HCV
RNA in cervicovaginal fluids in pre-menopausal, post-menopausal,
and post-hysterectomy women who collected daily cervicovaginal
swabs over 56 days.

3. Study design
3.1. Subjects

This study was approved by the University of Washington Insti-
tutional Review Board. Female patients with chronic HCV were
recruited from the Hepatitis and Liver Clinic at Harborview Medical
Center, Seattle, WA. All participants had detectable serum HCV RNA
levels at baseline. Women were instructed to insert two Dacron
swabs into the vagina every morning until they met resistance at
the back of the vagina, to rotate the swabs in a circle, and to wait at
least 1 min before removing. Participants then placed the swabs
into dry cryovials, snapped off the plastic handles, capped and
placed the cryovials immediately into their home freezers. Women
collected swabs for 56 consecutive days. After day 56 the swabs
were transported on dry ice to the laboratory and stored at —80°C
until testing. Subjects completed a daily diary indicating the occur-
rence of menses, genital tract symptoms, and lesions. All subjects
were tested for HIV and HSV-2 serostatus.

3.2. HCV RNA detection

To prepare cervical swabs for quantitative PCR, 200 pl of phos-
phate buffered saline (PBS) was added. The swab was agitated in the
PBS for 10 s, removed, and discarded. The PBS buffer was mixed and
10 pl frozen for detection of hemoglobin. The remaining sample
was added to 300 pl of Roche MagNApure lysis buffer containing
10 mg/ml proteinase K and extracted using the Roche MagNAPure
instrument (Total Nucleic Acid Small Volume kit/External Lysis Pro-
tocol). Three in-house developed quantitative RT-PCR amplification
reactions were performed on the purified nucleic acid: HCV RNA,
internal control plasmid (pAW109) added to the lysis buffer during
the extraction procedure, and betaglobin to quantitate the amount
of cellular DNA present in each sample.2!

3.3. Validation of HCV RNA detection on swabs

To confirm the validity of frozen specimens, serial 1:10 dilutions
of a high-level HCV-positive plasma sample were absorbed onto
swabs. The swabs were removed and extracted either immediately

or after being frozen overnight. Linear viral yields were obtained
and were indistinguishable between fresh and frozen specimens.
To confirm the ability of the assay to detect cell-associated virus,
HCV+ RNA replicon cells (Clone A, Apath, LLC, St. Louis, MO) were
used to create another serial dilution series. 200 .1 of the cell sus-
pension was absorbed onto swabs, and the extraction procedure
performed. Again, linear viral yields were observed indistinguish-
able from that of cell-free virus. The 95% detection limit for HCV
after extraction from swabs was <401U/ml. Swabs with absorbed
HCV+ RNA replicon cells were frozen and used as high and low con-
trols for PCR runs over 3 months as part of this study. The swabs
showed no loss of HCV RNA quantity over these 3 months, confirm-
ing the stability of frozen swab specimens. Post-study analysis of
subject data showed no statistically significant change in the like-
lihood of detecting HCV RNA on swabs during the 56 day study
period (OR 1.02, 95% confidence interval (0.99, 1.04)), demonstrat-
ing the validity of home storage of frozen specimens. To confirm
that hemoglobin or blood did not interfere with the PCR, 10 .l
of HCV RNA-whole blood was added to the cell suspension dilu-
tions before absorption onto swabs. We observed no interference
compared to suspensions without the addition of whole blood.

3.4. Hemoglobin detection on cervical swabs

Ten microliters of the PBS used to resuspend the swab material
was analyzed with a BioTek PowerWaveX microplate spectropho-
tometer for the detection of Hemoglobin. The sample was diluted
with 190 pl of PBS and then absorbance was read at 415 nm (oxy-
hemoglobin) and 380 nm (turbidity correction) using a method
modeled after plasma hemoglobin detection but excluding the
bilirubin measurement (450 nm).22 For each sample, a corrected
OD was calculated by the equation, corrected OD =[0.D. Sample
415nm - 0.D. Blank 415 nm] — [0.D. 380 nm — O.D. Blank 380 nm].
A 3-point hemoglobin standard curve with points at 60, 6, and
0.6 mg/dL, constructed from a patient sample with hemoglobin of
14.5 g/dl, was read simultaneously with the patient samples on a
Sysmex XT-2000i analyzer. Samples with hemoglobin >6.0 mg/dl
were considered positive.

3.5. Other laboratory testing

Serum HCV RNA was measured using the Bayer Quantiplex HCV
RNA 2.0 Assay. Testing for hepatitis B surface antigen was per-
formed using the Abbott Auzyme™ assay. Serologic assays for HIV
and HCV were performed using the Genetic Systems HIV-1/HIV-2
Peptide EIA assay (Bio-Rad Laboratories) and the Abbott HCV EIA
2.0diagnostic kit. Genotype testing was performed using the Abbott
HCV Genotype ASR.23 HSV serology by Western blot was performed
by the UW Virology Laboratory at Seattle Children’s Hospital.

3.6. Statistical methods

Mixed effect methods2* for logistic regression (with outcome
detectable HCV RNA) or linear regression (with outcome level of
HCV RNA) were used to account for repeated measures from the
same individual.

4. Results
4.1. Study population

Sixteen women contributed a total of 701 cervical swabs over
a mean collection period of 48 days (range 18-56 days), with 12
women collecting swabs on every day of the 56-day collection
period (Table 1). The median age was 31 (range 17-82 years),
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Table 1

Demographics, laboratory characteristics, and frequency of detection of HCV RNA in cervicovaginal fluids (N=16).

Subject Age Status Baseline serum, logio IU/ml Genotype HSV2 HIV # swabs collected % swabs HCV+
1 27 Menstruating 6.42 3a + - 56 0%
2 37 Menstruating 7.36 1b + + 20 5%
3 38 Menstruating 5.17 1a - - 56 2%
4 43 Menstruating 5.78 1b + - 18 17%
5 49 Menstruating 7.26 la - - 56 4%
6 52 Menstruating 6.51 1a + — 56 14%
7 56 Menstruating 6.11 1a - - 56 4%
8 49 Post-menopausal 6.45 1b - - 56 0%
9 53 Post-menopausal 6.69 1a - - 56 23%

10 54 Post-menopausal 5.98 2b - - 18 0%

11 57 Post-menopausal 6.55 la + - 56 0%

12 57 Post-menopausal 5.98 1la + - 56 0%

13 59 Post-menopausal 6.72 1b + - 56 0%

14 40 Hysterectomy 6.65 1b - - 53 0%

15 47 Hysterectomy 6.33 la - - 24 0%

16 50 Hysterectomy 6.24 1b - — 55 0%

and most participants were white (84%). One participant was HIV-
positive and seven women were HSV-2 seropositive. The median
serum HCV load was 6.4 logqo IU/ml (range 5.17-7.36logo [U/ml),
and 14 women had genotype 1 HCV infection. Seven women were
premenopausal, six were post-menopausal, and three had had total
vaginal hysterectomies.

4.2. Detection of HCV RNA in cervicovaginal fluids

Thirty of 699 (4.3%) cervical swabs were positive for HCV
RNA (Fig. 1), with a median viral load of 4,6931U/ml (range
231-69,5801U/ml). 53 of the 699 swabs (7.6%) were positive for
Hb. All of the HCV-positive swabs were collected from 6 of the 16
women participating in the study; swabs from the remaining 10
women were uniformly negative. When cervicovaginal shedding
of HCV RNA was examined univariately in a logistic mixed effects
model, there was no association between a woman'’s age, genotype,
serum viral load, or HSV serostatus and cervicovaginal shedding of
HCV RNA. However, detection of Hb was associated with detection
of HCV RNA on cervicovaginal swabs, with a three times greater
likelihood of detection of HCV RNA on days when Hb was detected
versus days Hb was not detected (3.3% versus 1.1%, odds ratio = 3.04
(95% confidence interval 1.20-7.71).

When cervicovaginal HCV RNA was examined quantitatively
in a linear mixed effects model, the mean viral load of HCV
RNA detected when Hb was detected in cervicovaginal fluids
was 0.45logqo IU/ml compared to 0.121log;o IU/ml when Hb was
not detected (p<.001). Thus, there was a mean increase of
0.331log1o IU/ml or 2.161U/ml of HCV RNA detected in the sam-
ples with detectable Hb compared to those without (95% CI
0.15-0.51[U/ml).

Premenopausal women were more likely than post-menopausal
women to have HCV RNA detected in cervicovaginal fluids on
at least 1 day (86% versus 16%, p=0.02). For premenopausal
women, detection of HCV RNA was more likely during menstru-
ation (OR=56.4, 95% CI (23.0, 138.3) or when hemoglobin was
detected in cervicovaginal fluids, even when menstruation was not
occurring (OR 35.4, 95% CI 12.2, 102.6). Interestingly, no woman
who had had a hysterectomy had HCV RNA detected in cervico-
vaginal fluids on any day, regardless of whether hemoglobin was
detected.

5. Discussion

Overall, detection rates of HCV RNA on cervical swabs were low,
with HCV RNA detected on only 30 of 699 (4.3%) cervical swabs col-
lected. Many of these women had participated in a previous study,
in which HCV RNA was detected in 72% of saliva samples.2? Thus,
detection rates of HCV RNA in cervicovaginal fluids were markedly
lower than in saliva.

We report lower rates of HCV RNA detection than other pub-
lished studies. However, since most published studies did not
investigate the presence of blood in cervical samples or used insen-
sitive methods to detect blood, it is difficult to compare our results
with published data. Regardless, our findings are consistent with
epidemiologic data supporting a low likelihood of sexual transmis-
sion of HCV.

For premenopausal women, detection of HCV RNA on cervi-
cal swabs was strongly associated with menstruation (OR=56.4,
95% CI 23.0, 138.3) and with detection of hemoglobin, even when
menstruation was not occurring (OR=35.4, 95% CI 12.2, 102.6). In
premenopausal women, HCV RNA was detected on 5 out of 318
days when hemoglobin was not detected, versus on 12 out of 31
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Fig. 1. Detection of hemoglobin and HCV RNA on cervical swabs collected over 56 days. Red indicates days that hemoglobin was detected; yellow indicates days that HCV

RNA was detected; black indicates days that swabs were not collected.
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days when hemoglobin was detected. In addition, the quantity of
virus detected on days with hemoglobin present was significantly
higher than on days when hemoglobin was absent. In one pre-
vious study, 15 cc of menstrual blood was collected on the first
day of menses in 10 women with hepatitis C, and HCV RNA was
detected in all samples.2> To our knowledge, this is the only other
published study examining the potential role of menstrual blood
on the presence of HCV RNA in the female genital tract. Taken
together, these two studies suggest that shedding of HCV RNA in
the female genital tract is more likely to occur in the presence of
blood.

HCV RNA was not detected on any day in any woman who had
had a hysterectomy, even though hemoglobin was detected on 16
of 136 (12%) cervical swabs collected from such women. Belec et
al. demonstrated that the presence of HCV RNA in cervicovaginal
secretions was restricted to cellular fractions containing cervical
cells as well as genital tract lymphocytes and monocytes.!4 Manavi
et al. localized the presence of HCV RNA to cervical lymphocytes,
but not to cervical epithelial cells or cervical granulocytes.!3 In
light of these past studies, our data suggest that the presence of a
cervix is necessary for shedding of HCV RNA in female genital tract
fluids.

In conclusion, our data suggest that shedding of HCV RNA from
the genital tract is more frequent in premenopausal women than
in postmenopausal women or women who have had hysterec-
tomies. In premenopausal women, HCV RNA is associated with the
presence of blood in cervicovaginal fluids. Importantly, even in pre-
menopausal women, detection of HCV RNA in cervicovaginal fluids
israre, and the viral load is low compared to serum. Clinicians coun-
seling chronically HCV-infected women who are concerned about
transmitting infection to their uninfected partners should consider
advising women about the possibility that infectivity may increase
during menstruation. Some women may choose to abstain from
intercourse or use barrier precautions during their menses.

Declarations

Funding: Supported by grants from the National Institutes of
Health (K23 AI-51523 and U19 AI-31448) and internal funds.

Competing interests: None declared.

Ethical approval: Approved by the University of Washington
Institutional Review Board.

Acknowledgements

We thank Joanne Estergren for assistance with methods to
detect hemoglobin on cervical swabs, and Rachel Tompa for assis-
tance editing the manuscript.

References

1. Amon JJ, Garfein RS, Ahdieh-Grant L, Armstrong GL, Ouellet L], Latka MH, et
al. Prevalence of hepatitis C virus infection among injection drug users in the
United States, 1994-2004. Clin Infect Dis 2008;46:1852-8.

2. Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter M]. The
prevalence of hepatitis C virus infection in the United States, 1999 through
2002. Ann Intern Med 2006;144:705-14.

3. Alter M], Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F, Moyer LA, et al.
The prevalence of hepatitis C virus infection in the United States, 1988 through
1994. N Engl ] Med 1999;341:556-62.

4, Page-Shafer KA, Cahoon-Young B, Klausner JD, Morrow S, Molitor F, Ruiz ], et al.
Hepatitis C virus infection in young, low-income women: the role of sexually
transmitted infection as a potential cofactor for HCV infection. Am J Public Health
2002;92:670-6.

5. Thomas DL, Zenilman JM, Alter H]J, Shih JW, Galai N, Carella AV, et al. Sexual
transmission of hepatitis C virus among patients attending sexually transmit-
ted diseases clinics in Baltimore - an analysis of 309 sex partnerships. J Infect
Dis 1995;171:768-75.

6. Marincovich B, Castilla J, del Romero J, Garcia S, Hernando V, Raposo M, et al.
Absence of hepatitis C virus transmission in a prospective cohort of heterosex-
ual serodiscordant couples. Sexually Transmitted Infect 2003;79:160-2.

7. Meisel H, Reip A, Faltus B, Lu M, Porst H, Wiese M, et al. Transmission of hepatitis
Cvirus to children and husbands by women infected with contaminated anti-D
immunoglobulin. Lancet 1995;345:1209-11.

8. Vandelli C, Renzo F, Romano L, Tisminetzky S, De Palma M, Stroffolini T, et
al. Lack of evidence of sexual transmission of hepatitis C among monogamous
couples: results of a 10-year prospective follow-up study. Am ] Gastroenterol
2004;99:855-9.

9. Gotz HM, van Doornum G, Niesters HG, den Hollander ]G, Thio HB, de Zwart
0. A cluster of acute hepatitis C virus infection among men who have sex with
men - results from contact tracing and public health implications. AIDS (Lond,
Engl) 2005;19:969-74.

10. Recommendations for prevention and control of hepatitis C virus (HCV)
infection and HCV-related chronic disease. Centers for Disease Control and
Prevention. MMWR Recomm Rep 1998;47:1-39.

11. Hsu HH, Wright TL, Luba D, Martin M, Feinstone SM, Garcia G, et al. Failure
to detect hepatitis C virus genome in human secretions with the polymerase
chain reaction. Hepatology (Baltimore, MD) 1991;14:763-7.

12. Gameiro R, Venneno T, Prieto E, Castro R, Carnall V, Canas-Ferreira W, et al.
Vaginal shedding of hepatitis C virus. Int ] STD & AIDS 2001;12:717-21.

13. Manavi M, Baghestanian M, Watkins-Riedel T, Battistutti W, Pischinger K,
Schatten C, et al. Detection of hepatitis C virus (HCV) RNA in normal cervical
smears of HCV-seropositive patients. Clin Infect Dis 2002;35:966-73.

14. Belec L, Legoff ], Si-Mohamed A, Bloch F, Matta M, Mbopi-Keou FX, et al.
Cell-associated, non-replicating strand(+) hepatitis C virus-RNA shedding in
cervicovaginal secretions from chronically HCV-infected women. J Clin Virol
2003;27:247-51.

15. Minosse C, Calcaterra S, Abbate I, Selleri M, Zaniratti MS, Capobianchi MR. Pos-
sible compartmentalization of hepatitis C viral replication in the genital tract
of HIV-1-coinfected women. J Infect Dis 2006;194:1529-36.

16. Nowicki M]J, Laskus T, Nikolopoulou G, Radkowski M, Wilkinson ], Du WB, et
al. Presence of hepatitis C virus (HCV) RNA in the genital tracts of HCV/HIV-1-
coinfected women. J Infect Dis 2005;192:1557-65.

17. Benki S, Mostad SB, Richardson BA, Mandaliya K, Kreiss JK, Overbaugh J. Cyclic
shedding of HIV-1 RNA in cervical secretions during the menstrual cycle. ] Infect
Dis 2004;189:2192-201.

18. Pauk ], Huang ML, Brodie S], Wald A, Koelle DM, Schacker T, et al. Mucosal
shedding of human herpesvirus 8 in men. N Engl ] Med 2000;343:1369-77.

19. Wald A, Zeh ], Selke S, Warren T, Ryncarz AJ, Ashley R, et al. Reactivation of geni-
tal herpes simplex virus type 2 infection in asymptomatic seropositive persons.
N Engl ] Med 2000;342:844-50.

20. Wang CC, Morishima C, Chung M, Engelberg R, Krantz E, Krows M, et al. High
serum hepatitis C virus (HCV) RNA load predicts the presence of HCV RNA
in saliva from individuals with chronic and acute HCV infection. J Infect Dis
2006;193:672-6.

21. Cook L, Ng KW, Bagabag A, Corey L, Jerome KR. Use of the MagNA pure
LC automated nucleic acid extraction system followed by real-time reverse
transcription-PCR for ultrasensitive quantitation of hepatitis C virus RNA. J Clin
Microbiol 2004;42:4130-6.

22. Harboe M. A method for determination of hemoglobin in plasma by near-
ultraviolet spectrophotometry. Scand J Clin Lab Invest 1959;11:66-70.

23. Cook L, Sullivan K, Krantz EM, Bagabag A, Jerome KR. Multiplex real-time
reverse transcription-PCR assay for determination of hepatitis C virus geno-
types. J Clin Microbiol 2006;44:4149-56.

24. Pinheiro ], Bates D. Mixed effects models in S and S-plus. New York: Springer;
2000.

25. Silverman AL, Puccio JE, Kulesza GW, McCray DG, Gordon SC. HCV RNA is
present in the menstrual blood of women with chronic hepatitis C infection.
Am ] Gastroenterol 1994;89:1201-2.



	Cervicovaginal shedding of hepatitis C viral RNA is associated with the presence of menstrual or other blood in cervicovag...
	Background
	Objectives
	Study design
	Subjects
	HCV RNA detection
	Validation of HCV RNA detection on swabs
	Hemoglobin detection on cervical swabs
	Other laboratory testing
	Statistical methods

	Results
	Study population
	Detection of HCV RNA in cervicovaginal fluids

	Discussion
	Declarations
	Acknowledgements
	References


