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ABSTRACT

BACKGROUND

To evaluate whether the use of male condoms reduces the risk of male-to-female
transmission of human papillomavirus (HPV) infection, longitudinal studies explic-
itly designed to evaluate the temporal relationship between condom use and HPV
infection are needed.

METHODS

We followed 82 female university students who reported their first intercourse with
a male partner either during the study period or within two weeks before enroll-
ment. Cervical and vulvovaginal samples for HPV DNA testing and Papanicolaou
testing were collected at gynecologic examinations every four months. Every two
weeks, women used electronic diaries to record information about their daily sexual
behavior. Cox proportional-hazards models were used to evaluate risk factors for
HPV infection.

RESULTS

The incidence of genital HPV infection was 37.8 per 100 patient-years at risk among
women whose partners used condoms for all instances of intercourse during the
eight months before testing, as compared with 89.3 per 100 patient-years at risk
in women whose partners used condoms less than 5 percent of the time (adjusted
hazard ratio, 0.3; 95 percent confidence interval, 0.1 to 0.6, adjusted for the number
of new partners and the number of previous partners of the male partner). Similar
associations were observed when the analysis was restricted to high-risk and low-
risk types of HPV and HPV types 6, 11, 16, and 18. In women reporting 100 percent
condom use by their partners, no cervical squamous intraepithelial lesions were de-
tected in 32 patient-years at risk, whereas 14 incident lesions were detected during
97 patient-years at risk among women whose partners did not use condoms or used
them less consistently.

CONCLUSIONS

Among newly sexually active women, consistent condom use by their partners ap-
pears to reduce the risk of cervical and vulvovaginal HPV infection.
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ENITAL HUMAN PAPILLOMAVIRUS (HPV)

infections are common in sexually active

young women,* and certain types of HPV
are causally related to anogenital cancers® and
warts.® Although evidence demonstrates that the
use of condoms by men substantially reduces the
risk of genital transmission of human immuno-
deficiency virus in women,” data on the effective-
ness of condoms in reducing the incidence of other
sexually transmitted infections are more limit-
ed.®® In particular, several studies have found that
condom use by men does not reduce the risk of
HPV infection in women,»*+1°13 and recent con-
gressional hearings have addressed changing Food

24,201 Letters of invitation

were mailed

243 Eligible subjects responded

33 Declined to participate

210 Enrolled in study

128 Excluded from analyses
65 Reported no vaginal
intercourse
60 Reported first vaginal

— intercourse more than
2 wk before enrollment
3 Did not report any sexual-
behavior information
in Web-based diaries
82 Analyzed

Figure 1. Enrollment and Status of Subjects.

To be consistent with the time interval that was used for the sexual-behav-
ior diaries that women completed during follow-up, the first diary entry
covered only the two weeks before enrollment. To restrict analyses to the
subgroup of women with complete sexual-behavior histories, women who
reported vaginal intercourse more than two weeks before enroliment were
excluded from the analyses.
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and Drug Administration regulations on condom
labeling.** Most data on condom use and HPV in-
fection, however, are from cross-sectional stud-
ies, 013,15 and the prospective studies reported to
date were not explicitly designed to evaluate con-
dom use.** Our longitudinal study was designed
to evaluate more accurately the temporal relation-
ship between condom use and HPV infection.

METHODS

STUDY DESIGN
We restricted eligibility to female University of
Washington undergraduates who were 18 to 22
years old and who had never had vaginal inter-
course or had first had intercourse with one male
partner within the previous three months. In ad-
dition, the women had to have a cervix, could not
be pregnant, had to be in good general health, and
had to be able to provide written informed con-
sent. Since the goal of the study was to enroll a
population of healthy women (rather than women
presenting to the student health clinic with gyne-
cological problems), between December 2000 and
June 2005, we mailed invitational letters to 24,201
women who met the age criterion and who released
their names to the registrar. Given the restrictive
eligibility criteria, we assumed that the number
of participants would be low in relation to the
number of letters mailed. We also provided in-
formational flyers to contraceptive counselors at
the student health clinic. Of the 243 eligible women
who responded, 210 agreed to participate (86.4
percent) (Fig. 1). The protocol was approved by
the institutional review board at the University of
Washington.

Participants completed a Web-based diary re-
garding their sexual behavior every two weeks and
underwent gynecologic examination every four
months. Diary features have been described pre-
viously.1® The diary contained daily information
regarding the number of instances of vaginal in-
tercourse, the frequency of use of condoms by male
partners, and the number of new partners. The
first entry covered the two weeks before enroll-
ment, and subsequent entries covered each succes-
sive two-week period. Missed diary entries could
be made up within four months.

CLINICAL MEASUREMENTS
At each visit to the clinic, a nurse practitioner con-
ducted a face-to-face interview. Women were then
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instructed to obtain a vaginal sample with a Da-
cron-tipped swab and place it in a tube contain-
ing a specimen-transport medium for HPV test-
ing. The nurse practitioner then performed a
standardized pelvic examination. Separate cervi-
cal and vulvovaginal samples were obtained with
Dacron-tipped swabs and placed in tubes contain-
ing transport medium for HPV testing. For Papani-
colaou (Pap) testing, a cytobrush was used to col-
lect cellular material from the endocervix and a
plastic spatula was used to collect cells from the
squamocolumnar junction and ectocervix.
Specimens were tested for HPV DNA with the
use of a polymerase-chain-reaction (PCR) assay.”
DNA was isolated with the use of the QIAamp
DNA blood kit (Qiagen) according to the manu-
facturer’s protocol. Of each sample, 1/250 was
amplified and 10 ul of PCR products was dotted
onto nylon filters and probed with a biotin-labeled
generic probe. Specimens that were found to be
positive with the use of a generic probe were then
typed with the use of a reverse line-blot assay
(Roche Molecular Systems). Positive samples were
first amplified simultaneously for HPV and S glo-
bin with the use of biotinylated PGMY09/PGMY11
and PC0O4/GH20 primers. A total of 70 ul of dena-
tured PCR product was added to each well of an
Amplicor typing tray containing 3 ml of preheated
hybridization solution and a strip containing
B globin and HPV oligonucleotide probes for 37
HPV types. Samples negative for 38 globin were
considered insufficient for testing. Unless other-
wise noted, PCR results for self-collected swabs
and clinician-collected cervical and vulvovaginal
swabs were combined to analyze acquisition and
risk factors for genital infection. A cytotechnologist
examined all Pap smears, and a pathologist reviewed
all abnormal smears. Findings were classified ac-
cording to the Bethesda system'® as normal, atypi-
cal, low-grade squamous intraepithelial lesion,
or high-grade squamous intraepithelial lesion.

STATISTICAL ANALYSIS
Analyses were restricted to women with at least
one follow-up visit after they first had intercourse.
Excluded from the study were 65 women who re-
ported having had no vaginal intercourse, 3 women
who did not record any information in their dia-
ries regarding sexual behavior, and 60 women who
reported having first had intercourse more than
two weeks before enrollment (Fig. 1).

Incident HPV infection was defined as the first

positive result for a specific type. The cumulative
probability of HPV infection was estimated with
the use of Kaplan—-Meier methods. The time at risk
was calculated from the date of first intercourse to
the first detection of HPV. Kaplan—-Meier methods
were also used to estimate the cumulative proba-
bility of having cervical squamous intraepithelial
lesions from the date of first intercourse.
Marginal Cox proportional-hazards models®®
were used to determine risk factors for HPV infec-
tion. Data from diaries were summarized into risk-
factor variables during the eight months before
HPV testing, since most infections associated with
a first partner (before the report of a second part-
ner) occurred within eight months after a wom-
an first had intercourse. Data recorded less than
20 days before a given visit were excluded, because
20 days was the shortest observed interval between
the time a woman first had intercourse and the
detection of an incident HPV infection in this study
(Fig. 2). The time to an event was measured from
the time a woman first had intercourse to the re-
port of infection with each type of HPV or the last
clinic visit, with each woman contributing at-
risk time for each of 37 HPV types. Analyses were
stratified according to the type of HPV, assuming
common relative hazards across HPV types while
allowing the baseline hazards to vary. Robust vari-
ance estimates were used to account for correla-

Risk-factor-assessment periods
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Figure 2. Time at Risk for HPV, According to Cox
Proportional-Hazards Models.

Clinic visits were conducted at four-month intervals.
The date of first intercourse represents the beginning
of the subject’s time at risk for HPV infection. Risk-factor—
assessment periods corresponded with clinic visits, which
included testing for HPV and cervical squamous intraepi-
thelial lesions. Dotted portions of lines represent lags in
periods of risk-factor assessment (20 days for analyses

of HPV infection analyses and 51 days for analyses of cer-
vical squamous intraepithelial lesions).
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