
C
o

C
A
a

b

c

a

A
R
R
1
A

K
H
S
N
W
C

1

h
o
r
a
o
e
H

B
f

1
d

Journal of Clinical Virology 50 (2011) 4–7

Contents lists available at ScienceDirect

Journal of Clinical Virology

journa l homepage: www.e lsev ier .com/ locate / j cv

ervicovaginal shedding of hepatitis C viral RNA is associated with the presence
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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.
. Background

While injection drug use is recognized as the primary mode of
epatitis C virus (HCV) transmission in the United States,1,2 the role
f sexual activity in HCV transmission remains controversial. Sexual
isk factors, including number of sex partners2 and history of sexu-
lly transmitted diseases,3–5 are associated with an increased risk

f HCV infection, yet studies of monogamous serodiscordant het-
rosexual couples have repeatedly demonstrated a lack of sexual
CV transmission.6–8

∗ Corresponding author at: Virginia Mason Medical Center, 1100 Ninth Avenue,
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ax: +1 206 223 6814.
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There is some evidence that sexual transmission of HCV may be
possible if associated 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.9 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.10 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
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Several cross-sectional studies have reported detection rates
f HCV RNA in cervicovaginal fluids ranging from 011 to 36%.12,13

wo studies specifically excluded cervical samples that were con-
aminated by hemoglobin assessed by spectrophotometry14 or
y the presence of erythrocytes assessed microscopically.12 The
emainder did not assess the presence of blood or hemoglobin in
onnection with detection of HCV RNA.13–16 Thus, studies to date
ave not explored the relationship between HCV shedding in cer-
icovaginal fluids and the presence of menstrual or other blood in
he female genital tract.

. Objectives

Longitudinal studies of HIV, HSV, HHV-8, and HCV have demon-
trated that virus shedding in body fluids is often intermittent;
s such, cross-sectional studies may substantially underestimate
he true prevalence of viral shedding.17–20 We therefore chose
o implement a longitudinal study on cervical shedding of HCV,
ince daily collection of cervicovaginal fluids allows evaluation of
he pattern of HCV shedding in relationship to menstrual flow for
ach study participant. Here we present data on detection of HCV
NA in cervicovaginal fluids in pre-menopausal, post-menopausal,
nd post-hysterectomy women who collected daily cervicovaginal
wabs over 56 days.

. Study design

.1. Subjects

This study was approved by the University of Washington Insti-
utional Review Board. Female patients with chronic HCV were
ecruited from the Hepatitis and Liver Clinic at Harborview Medical
enter, Seattle, WA. All participants had detectable serum HCV RNA

evels at baseline. Women were instructed to insert two Dacron
wabs into the vagina every morning until they met resistance at
he back of the vagina, to rotate the swabs in a circle, and to wait at
east 1 min before removing. Participants then placed the swabs
nto dry cryovials, snapped off the plastic handles, capped and
laced the cryovials immediately into their home freezers. Women
ollected swabs for 56 consecutive days. After day 56 the swabs
ere transported on dry ice to the laboratory and stored at −80 ◦C
ntil testing. Subjects completed a daily diary indicating the occur-
ence of menses, genital tract symptoms, and lesions. All subjects
ere tested for HIV and HSV-2 serostatus.

.2. HCV RNA detection

To prepare cervical swabs for quantitative PCR, 200 �l of phos-
hate buffered saline (PBS) was added. The swab was agitated in the
BS for 10 s, removed, and discarded. The PBS buffer was mixed and
0 �l frozen for detection of hemoglobin. The remaining sample
as added to 300 �l of Roche MagNApure lysis buffer containing

0 mg/ml proteinase K and extracted using the Roche MagNAPure
nstrument (Total Nucleic Acid Small Volume kit/External Lysis Pro-
ocol). Three in-house developed quantitative RT-PCR amplification
eactions were performed on the purified nucleic acid: HCV RNA,
nternal control plasmid (pAW109) added to the lysis buffer during
he extraction procedure, and betaglobin to quantitate the amount
f cellular DNA present in each sample.21
.3. Validation of HCV RNA detection on swabs

To confirm the validity of frozen specimens, serial 1:10 dilutions
f a high-level HCV-positive plasma sample were absorbed onto
wabs. The swabs were removed and extracted either immediately
cal Virology 50 (2011) 4–7 5

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 �l 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 <40 IU/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 �l 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 = [O.D. Sample
415 nm − O.D. Blank 415 nm] − [O.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 AuzymeTM 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
2.0 diagnostic 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 methods24 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, log10 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 1a − − 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 1a + − 56 0%
12 57 Post-menopausal 5.98 1a + − 56 0%
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13 59 Post-menopausal 6.72
14 40 Hysterectomy 6.65
15 47 Hysterectomy 6.33
16 50 Hysterectomy 6.24

nd most participants were white (84%). One participant was HIV-
ositive and seven women were HSV-2 seropositive. The median
erum HCV load was 6.4 log10 IU/ml (range 5.17–7.36 log10 IU/ml),
nd 14 women had genotype 1 HCV infection. Seven women were
remenopausal, six were post-menopausal, and three had had total
aginal hysterectomies.

.2. Detection of HCV RNA in cervicovaginal fluids

Thirty of 699 (4.3%) cervical swabs were positive for HCV
NA (Fig. 1), with a median viral load of 4,693 IU/ml (range
31–69,580 IU/ml). 53 of the 699 swabs (7.6%) were positive for
b. All of the HCV-positive swabs were collected from 6 of the 16
omen participating in the study; swabs from the remaining 10
omen were uniformly negative. When cervicovaginal shedding

f HCV RNA was examined univariately in a logistic mixed effects
odel, there was no association between a woman’s age, genotype,

erum viral load, or HSV serostatus and cervicovaginal shedding of
CV RNA. However, detection of Hb was associated with detection
f HCV RNA on cervicovaginal swabs, with a three times greater
ikelihood of detection of HCV RNA on days when Hb was detected
ersus 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
n a linear mixed effects model, the mean viral load of HCV
NA detected when Hb was detected in cervicovaginal fluids

as 0.45 log10 IU/ml compared to 0.12 log10 IU/ml when Hb was
ot detected (p < .001). Thus, there was a mean increase of
.33 log10 IU/ml or 2.16 IU/ml of HCV RNA detected in the sam-
les with detectable Hb compared to those without (95% CI
.15–0.51 IU/ml).

ig. 1. Detection of hemoglobin and HCV RNA on cervical swabs collected over 56 days.
NA was detected; black indicates days that swabs were not collected.
b + − 56 0%
b − − 53 0%
a − − 24 0%
b − − 55 0%

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.20 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

Red indicates days that hemoglobin was detected; yellow indicates days that HCV
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ays when hemoglobin was detected. In addition, the quantity of
irus detected on days with hemoglobin present was significantly
igher than on days when hemoglobin was absent. In one pre-
ious study, 15 cc of menstrual blood was collected on the first
ay of menses in 10 women with hepatitis C, and HCV RNA was
etected in all samples.25 To our knowledge, this is the only other
ublished study examining the potential role of menstrual blood
n the presence of HCV RNA in the female genital tract. Taken
ogether, these two studies suggest that shedding of HCV RNA in
he female genital tract is more likely to occur in the presence of
lood.

HCV RNA was not detected on any day in any woman who had
ad a hysterectomy, even though hemoglobin was detected on 16
f 136 (12%) cervical swabs collected from such women. Belec et
l. demonstrated that the presence of HCV RNA in cervicovaginal
ecretions was restricted to cellular fractions containing cervical
ells as well as genital tract lymphocytes and monocytes.14 Manavi
t al. localized the presence of HCV RNA to cervical lymphocytes,
ut not to cervical epithelial cells or cervical granulocytes.13 In

ight of these past studies, our data suggest that the presence of a
ervix is necessary for shedding of HCV RNA in female genital tract
uids.

In conclusion, our data suggest that shedding of HCV RNA from
he genital tract is more frequent in premenopausal women than
n postmenopausal women or women who have had hysterec-
omies. In premenopausal women, HCV RNA is associated with the
resence of blood in cervicovaginal fluids. Importantly, even in pre-
enopausal women, detection of HCV RNA in cervicovaginal fluids

s rare, and the viral load is low compared to serum. Clinicians coun-
eling chronically HCV-infected women who are concerned about
ransmitting infection to their uninfected partners should consider
dvising women about the possibility that infectivity may increase
uring menstruation. Some women may choose to abstain from

ntercourse or use barrier precautions during their menses.
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