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To quantify the risk of human papillomavirus (HPV) acquisi-
tion associated with a first male sex partner and to identify
associated risk factors, we analyzed data from women who
were enrolled before or within 3 months of first intercourse
with a male partner and were censored at the report of a second
partner. The 1-year cumulative incidence of first HPV infec-
tion was 28.5% (95% confidence interval, 20.6%-38.6%) and
increased to almost 50% by 3 years. The risk was increased
when the first male partner was sexually experienced. Our re-
sults indicate a high risk of HPV infection in young women
who have had just 1 male sex partner.

Rates of genital human papillomavirus (HPV) acquisition are
high in sexually active young women, with several longitudinal
studies reporting 3-year cumulative incidence estimates of 40%
or greater [1-3]. Although previous estimates have indicated a
high risk of infection after sexual debut (we previously reported
that 30%-37% of women acquired an HPV infection in the year
following first vaginal intercourse (2, 4]) and with each new sex
partner [5], the risk of infection specifically associated with a first
male sex partner has not been quantified. One previous study of
newly sexually active young women showed a 3-year cumulative
incidence of infection before having a second sex partner of 45%
[6]; however, given that participants were recruited up to 1 year
after sexual debut, early infections of short duration may have
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been missed, and 1- and 2-year cumulative incidence estimates
were not reported. The primary goal of the present analysis was
to quantify the risk of HPV acquisition associated with a first
male sex partner. We also sought to identify characteristics of
young women and their first male sex partners that were associ-
ated with an increased risk of HPV acquisition.

Methods. Between December 2000 and November 2006,
244 female university students 18 —22 years old were recruited to
participate in a longitudinal study of HPV infection. Recruit-
ment procedures and data collection have been described else-
where [4]. Women were eligible to enroll if they had never had
vaginal intercourse with a male partner or had first had inter-
course with 1 male partner within the previous 3 months. In-
formed consent was obtained from all participants, and the
human-experimentation guidelines of the University of Wash-
ington Institutional Review Board were followed.

Every 2 weeks, women completed a Web-based diary designed
to capture daily sexual behavior information, including detailed
information on new partners (e.g., date of first intercourse with
anew partner, partner age, and partner’s number of previous sex
partners). Detailed diary features have been described elsewhere
[4, 7]. Every 4 months, women were followed with gynecological
examinations. At each visit, self-collected vaginal swabs and
clinician-collected cervical and vulvovaginal swabs were
collected for HPV DNA testing by polymerase chain reaction
(PCR)-based methods [4]. As described elsewhere, specimens
testing positive by a generic probe were typed using a reverse
line-blot assay (Roche Molecular Systems) for 37 HPV types [8].
PCR results for self-collected vaginal swabs and clinician-
collected cervical and vulvovaginal swabs were combined to an-
alyze genital HPV acquisition.

Analyses were restricted to 130 women who reported their
first intercourse with a male partner within 3 months of enroll-
ment or during follow-up and had at least 1 clinical visit after
first intercourse. Five women testing positive for HPV before
their first intercourse were excluded; 4 were positive for a single
type (including 6, 51, 53, and 66), and 1 was concurrently posi-
tive for types 40, 61, and 66.

The cumulative incidence of first HPV infection associated
with a first sex partner was estimated using the Kaplan-Meier
method. Time to event was calculated from first intercourse to
first HPV detection (any type). Women were censored at the
date of first vaginal intercourse with a second male partner or at
the last follow-up visit. Cox proportional hazards models were
used to determine risk factors for first HPV infection associated
with a first sex partner. Female subject and first male partner

BRIEF REPORT « JID 2008:197 (15 January) * 279

¥202 Iudy 2| uosenb Aq L ¥8Z18/6.2/2/.L6L/2191e/pll/wod dno-ojwepeoe//:sdiy wolj papeojumoq



characteristics (based on the female subject’s report) considered
as risk factors for HPV acquisition included age at first inter-
course, years between menarche and first intercourse, partner
age, and partner’s number of previous sex partners. Partner’s
number of previous sex partners was categorized a priori into 5
categories: approximate quartiles (0, 1, 2, and =3) and un-
known. All other variables were evaluated for linear trends by
use of a likelihood ratio test to compare categorical models with
approximate quartiles or terciles to corresponding linear models
based on the categorical variables. Variables with significant like-
lihood ratio tests were retained as categorical variables and vari-
ables without significant likelihood ratio tests were included as
continuous variables. This resulted in the following classifica-
tions: age at first intercourse, continuous; years between menar-
che and first intercourse, 2-5, 6, 7, and 8—14; and partner age,
16-19, 20-21, and 22—-42 years. Variables were first tested uni-
variately. Statistically significant (P < .10) variables were en-
tered into a multivariate model. Backward stepwise regression
was used to construct the final multivariate model, with P < .05
used as the criterion for removing variables.

Results.
date of first intercourse) was 19.4 years (SD, 1.3 years; range,

The mean age of the 130 women (assessed at the

1824 years). Their mean age at menarche was 12.5 years (SD,
1.3 years; range, 10—17 years), and the mean interval between
menarche and first intercourse was 6.9 years (SD, 1.8 years;
range, 2—14 years). The mean age of their first male sex partner
was 21.0 years (SD, 3.3 years; range, 16—42 years). After first
intercourse, their mean follow-up time was 28.2 months (SD,
19.4 months), the mean number of visits per woman was 5.8

(SD, 4.5), and the median time between visits was 4.1 months. Of
the 130 women, 45 (34.6%) were censored at the date of report of
a second sex partner; their mean time between intercourse with
a first partner and intercourse with a second partner was 12.5
months (SD, 8.5 months).

The 12-month cumulative incidence of first HPV infection
after reporting a first sex partner was 28.5% (95% confidence
interval [CI], 20.6%-38.6%) and increased to 39.2% (95% CI,
28.6%-52.0%) at 24 months and to 49.1% (95% CI, 35.8%-—
64.2%) at 36 months (figure 1). The mean number of types de-
tected at the time of first HPV infection was 1.5 (SD, 0.8; range,
1-4).

In univariate analyses, women reporting partners with 2 (haz-
ard ratio [HR], 3.57 [95% CI, 1.04-12.22]), =3 (HR, 8.46 [95%
CI, 3.13-22.88]), or an unknown (HR, 6.80 [95% CI,
2.15-21.50]) number of previous partners were more likely to
acquire HPV than were women reporting partners with no pre-
vious partners (table 1). Women reporting menarche 2-5 years
before first intercourse were more likely to acquire HPV than
were women reporting menarche 8—14 years before first inter-
course (HR, 2.57 [95% CI, 1.13-5.82]) (table 1). Women report-
ing partners who were 22—42 years old were more likely to ac-
quire HPV than were women reporting partners who were
1619 years old (HR, 2.75 [95% CI, 1.34-5.67]) (table 1). Age at
first intercourse was not statistically significantly associated with
the risk of HPV acquisition (table 1). When partner’s numbers
of previous partners, years between menarche and first inter-
course, and partner age were entered in the multivariate model,
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Cumulative incidence of any genital HPV infection associated with a first sex partner. The X-axis shows the no. of months from the time

of first reported vaginal intercourse with a male partner (women were censored at the reported date of a second male sex partner).
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Table 1. Univariate hazard ratios (HRs) for the associations
between first incident human papillomavirus (HPV) infection (any
type) and characteristics of subjects and their first male sex
partners.

No. of first
incident HPV
infections/
women-years
Risk factor HR (95% Cl) at risk
Age at first intercourse
(continuous) 1.06 (0.81-1.37) 39/132.1
Years between menarche
and first intercourse
8-14 1.00 10/40.5
7 1.15 (0.46-2.89) 9/33.4
6 0.57 (0.19-1.70) 5/38.6
2-5 2.57 (1.13-5.82) 5/19.6
Partner age?
16-19 years 1.00 13/42.2
20-21 years 0.50 (0.20-1.21) 7/55.1
22-42 years 2.75 (1.34-5.67) 18/22.7
Partner’s no. of
previous partnersa?
0 1.00 4/41.4
1 0.37 (0.04-3.29) 1/31.9
2 3.57 (1.04-12.22) 5/11.5
=3 8.46 (3.13-22.88) 16/16.4
Unknown 6.80 (2.15-21.50) 12/19.8

NOTE. ClI, confidence interval.

@ Based on the female subject'’s report.
b This was the only variable remaining significant in multivariate analysis.

the only variable that remained statistically significant was part-
ner’s number of previous partners.

We previously reported that the risk of HPV
infection is high in the years immediately following a woman’s

Discussion.

sexual debut [2, 4]. In the present study, we have quantified the
risk of infection from a first male sex partner by censoring data
from women who acquired a second male sex partner during
follow-up. Nearly 30% of the female university students in our
cohort tested positive for HPV DNA within 1 year of first inter-
course with a first male sex partner, and by 3 years almost half
tested positive. These results indicate that women are at high risk
of acquiring an HPV infection from just 1 male sex partner.
Although our unique study population consisted of women who
had delayed first intercourse until at they were at least 18 years of
age, our 3-year cumulative incidence estimate is comparable to
that reported in a previous study of 15-19-year-old women re-
cruited within 1 year of sexual debut and followed until report of
a second male sex partner [6].

Our previous analyses suggest that most new HPV infections
will be detectable within 1 year of exposure [2, 4]. Indeed, in the
present study, the majority of first HPV infections (30/39
[76.9%]) were first detected within 1 year of first intercourse.

The remaining 9 infections were first detected between 12 and 44
months after first intercourse. Infections detected farther from
the date of first intercourse could be attributable to incomplete
reporting (e.g., failure to report sex with a second male partner),
nonpenetrative sexual contact (without vaginal intercourse)
with another male partner [2], or sexual contact with female
partners [9]. (These are also plausible explanations for why HPV
DNA was detected in 5 women who reported no previous vagi-
nal intercourse.) All of these possibilities would result in an over-
estimate of the cumulative incidence of infection associated with
a first male sex partner. In addition, the likelihood of transmis-
sion may change during the course of a partnership (e.g., a cou-
ple who uses condoms consistently at the beginning of the rela-
tionship may cease to do so later in the partnership or a male
partner may have concurrent partners and become exposed to
new HPV infections during the course of the partnership), thus
delaying acquisition.

As in previous studies [2, 4, 6, 10], a woman’s estimate of her
male partner’s lifetime number of sex partners was positively
associated with her risk of HPV infection. However, the associ-
ations were statistically significant only when women reporting
male partners with 2 or more or an unknown number of previ-
ous partners were compared with women reporting virginal
partners. In previous analyses, we grouped partners with 1 or
more previous partners into 1 risk category [2, 4]; in the present
analysis, the finer comparisons suggest that the increased risk
associated with acquiring sexually experienced partners may be
limited to those partners who (are thought to) have had at least 2
other sex partners.

After adjustment for a first male partner’s number of previous
sex partners, the excess risk associated with partners >21 years
old (relative to partners <20 years old) was attenuated. These
data suggest that the risk of acquiring an HPV infection from a
first male partner is more strongly related to the partner’s prior
sexual experience than the partner’s age.

In this cohort of 18—24-year-old women, years since menar-
che was not independently associated with the risk of acquiring
HPV infection from a first male sex partner after adjustment for
the male partner’s number of previous sex partners. Previous
studies have suggested that the interval between menarche and
first intercourse is related to the risk of HPV infection (possibly
due to biological factors that increase susceptibility to infection),
but the directions of the observed associations have been incon-
sistent [6, 11, 12]. Given that >95% of participants in this study
were at least 5 years past menarche at the time of first inter-
course, we were unable to assess whether short intervals between
menarche and first intercourse increase the risk of infection
from a first partner.

In summary, the percentage of university-aged women who
acquired an HPV infection from a first male sex partner was
high, and the risk increased when the partner was sexually expe-
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rienced. Our results indicate a high risk of HPV infection in

women who acquire just 1 male sex partner.
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