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Objective. Data on human papillomavirus (HPV) prevalence around pregnancy were inconsistent. We assessed HPV prev-
alence before and after pregnancy, HPV incidence after pregnancy, and risk factors for HPV infection.

Method. Data from 15 754 women in control arms of 5 AS04-HPV-16/18 vaccine efficacy trials were analyzed, including
3001 women with at least 1 pregnancy. Results of HPV deoxyribonucleic acid testing on cervical samples were available. We
analyzed risk factors, including age, region, pregnancy and its outcomes, duration from pregnancy resolution to collection
of first postresolution cervical sample, previous HPV infection, cigarette smoking, and number of sexual partners with Cox

regression.
Results.

Prevalence of high-risk oncogenic (hr)-HPV types was similar before and after pregnancy (20.8% vs 19.8%).

Incidence of hr-HPV was 40.1 per 1000 person-years (95% confidence interval [CI], 23.4-64.2) at 0-3 months, 266.7 (95% CI,
217.4-323.7) at 3-6 months, and 95.7 (95% CI, 83.9-108.7) at >6 months after pregnancy. Risk factors associated with HPV in-
fection after pregnancy are previous HPV infection, elective abortion, and younger age at pregnancy resolution.

Conclusions.

Pregnancy could not be confirmed as a risk factor for HPV infection in this population despite an increased

incidence detected 3-6 months after pregnancy resolution. Most women remained HPV negative after pregnancy.
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(HPV-032/063 trials), and NCT00779766 (HPV-039 trial).
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INTRODUCTION

Persistent human papillomavirus (HPV) infection is a prereq-
uisite for cervical cancer [1], a disease that kills 266 000 women
worldwide each year [2]. About 82% of all invasive cervical
cancer cases are accounted for by persistent infections with
the oncogenic or high-risk (hr) HPV types 16, 18, 31, 33, and
45 [3]. As HPV is the most common sexually transmitted in-
fection globally, most women become infected at some point
in their life, although most of these infections are transient
with only a small proportion becoming persistent [4]. The risk
of having HPV infection is highest in young, sexually active
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women and increases significantly with each additional sexual
partner [5]. Several studies suggest that pregnancy is a risk
factor for HPV infection due to changes in hormonal levels
that alter the immune system [6-9], but findings from various
studies have been inconsistent [4, 10-13]. Only a few studies,
including (for the most part) small cohorts, followed pregnant
women after delivery. It also was unclear whether pregnancy
or other risk factors (for example, tissue damage to the cervix
during delivery, sexual behavior, or age) could explain any dif-
ferences in HPV detection observed between nonpregnant,
pregnant, and postpartum women. If women indeed are more
prone to HPV infection during or shortly after pregnancy, ad-
ditional prevention measures to vaccination, such as increased
cervical screening and postpartum follow up, may be needed,
especially because parity is known as a risk factor for cervical
cancer [8, 14].

The efficacy of vaccination against persistent HPV infec-
tion and the prevention of cervical intraepithelial neoplasia
have been demonstrated widely [15, 16]. In many countries,
vaccination against the most common hr-HPV types has been
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implemented in routine immunization schedules for pread-
olescent girls [17]. Extensive clinical trials showed that the
HPV-16/18 AS04-adjuvanted vaccine also is effective against
development of HPV-16/-18 associated cervical intraepithelial
neoplasia in adult women. In addition, the vaccine induced
a sustained immune response, reduced HPV incidence, and
cross-protected against other hr-HPV types [15-19].

The current study, which is an analysis of pooled data from 5
vaccine efficacy trials, provided the opportunity to assess HPV
prevalence and incidence before pregnancy and after pregnancy
resolution. The primary objective was to estimate the HPV prev-
alence in the same group of women before and after pregnancy.
The secondary objective was to evaluate the incidence of HPV
infection after pregnancy in women who were HPV-negative at
their last visit before pregnancy and who continued with the
study postpartum. Lastly, we assessed the effect of potential risk
factors such as pregnancy, history of HPV infection, cigarette
smoking, number of sexual partners, age, region, and outcome
of pregnancy on the incidence of HPV infection.

METHODS

Study Design and Participants

This study is a pooled analysis using data from women enrolled
in the control arms of 5 AS04-HPV-16/18 vaccine efficacy trials
(Supplementary Table 1). The efficacy trials were registered on
https://clinicaltrials.gov under numbers NCT001226810 (HPV-
008 trial), NCT00294047 (HPV-015 trial), NCT00316693
and NCT00929526 (HPV-032/063 trials), and NCT00779766
(HPV-039 trial). Results of the studies have been published pre-
viously [18-23]. Women were recruited from 4 regions (Asia
Pacific, Europe, North America, and Latin America) for the
HPV-008 and HPV-015 studies [18, 21], in Japan for the HPV-
032 and HPV-063 studies [19, 20], and in China for the HPV-
039 studies [22, 23].

We defined the following cohorts for the analyses
(Supplementary Figure 1): Cohort 1: Nonpregnant cohort—
women who did not become pregnant during the trial; Cohort
2: Pregnant cohort—women who became pregnant during the
trial or the extended follow up; Cohort 3: Postresolution co-
hort—women who became pregnant during the trial or the ex-
tended follow up and had at least 1 cervical sample collected
after pregnancy; Cohort 4: Pregnant HPV-negative cohort—
women who became pregnant during the trial or the extended
follow up, were HPV negative at the last visit before pregnancy;,
and had at least 1 cervical sample collected after pregnancy;
Cohort 5: Nonpregnant HPV-negative cohort—nonpregnant
women who were HPV negative at the time of the last dose
of control vaccine administration and had at least 1 cervical
sample collected after the last dose of control administration.
We computed pre- and postpregnancy HPV prevalence rates
in the pregnant and postresolution cohorts, respectively, and

the HPV incidence rates in the pregnant HPV-negative and
nonpregnant HPV-negative cohorts.

Ethical approval from independent institutional review
boards was obtained for all the clinical trials included in this
work, and each woman provided written informed consent
before the performance of any study-specific procedure. All
studies followed the Declaration of Helsinki. Only deidentified
data were used in the pooled analysis.

Procedures

Included women were enrolled previously in 1 of the clinical
trials (HPV-008, HPV-015, HPV-032/HPV-063, and HPV-
039), regardless of their cytological, serological, and HPV DNA
status, where they were randomized to the control arm of the
study and received a hepatitis A vaccine (HPV-008 and HPV-
032/HPV-063) or an aluminum hydroxide (AIOH,) placebo
(HPV-015 and HPV-039).

Cervical sample collection, HPV DNA testing, gynecological
and cytopathological examinations, and testing of cervical sam-
ples for the presence of DNA from 14 hr-HPV strains (16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) using broad-spec-
trum polymerase chain reaction (PCR), and type-specific PCR
for detecting HPV-16 and HPV-18, were performed as de-
scribed previously [24-26]. No cervical samples were collected
from pregnant women in any of the 5 trials.

The 5 trials were sponsored by GSK, allowing authors to ex-
tract data from the database owned by the company.

Statistical Analyses

We analyzed demographic and baseline characteristics with de-
scriptive statistics. The primary objective of our analysis was to
estimate HPV prevalence in cohorts 2 and 3, that is, before and
after pregnancy. We determined HPV prevalence at the women’s
last visit before pregnancy and at the first visit after pregnancy
for 5 groups of HPV types—any HPV, any hr-HPV, HPV-16/18,
HPV-16, and HPV-18. We calculated the incidence of HPV infec-
tion after pregnancy in cohort 4 (pregnant HPV-negative women)
overall and stratified by the duration between pregnancy resolu-
tion and the first postresolution visit (0-3, 3-6, or >6 months), age
at pregnancy resolution, region, and outcome of pregnancy.

We used the Cox proportional hazards model to analyze
the potential risk factors for HPV infection in cohorts 4 and
5. Potential risk factors included the following: age at start of
follow-up, history of previous HPV infection, pregnancy and
its outcome, duration of follow-up, and region. Analysis was
performed separately on the pooled HPV-008 and HPV-015
studies and the pooled HPV-032/063 and HPV-039 studies be-
cause these 2 groups of studies differed by the availability of the
study entry questionnaire data, targeted age groups, and the as-
says used for HPV detection. A behavioral questionnaire was
self-completed only for 2 studies (HPV-008 and HPV-015),
providing information about smoking status and number of
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Table 1. Baseline Characteristics of Control Arm Subjects Included in the Analysis

Characteristics

Pregnant Cohort

Nonpregnant Cohort

All trials Parameters N = 3001 N =12 753
Age (year) at the first dose of control vaccine administration, mean + SD 225+4.0 24.1 £ 8.1
n (%) n (%)
Region/country Europe 334 (11.1%) 3459 (27.1%)
North America 386 (12.9%) 1903 (14.9%)
Latin America 442 (14.7 %) 1682 (13.2%)

History of HPV infection

Age at pregnancy resolution (pregnant cohort) or at last dose of control
vaccination (nonpregnant cohort), in years

Pregnancy outcome

Duration from pregnancy resolution to first postresolution cervical sample collection
(pregnant cohort) or from last dose vaccination to first sample collection post
vaccination (nonpregnant cohort)

HPV-008/015 trials
Cigarette smoking at enrollment

Number of sexual partners at enrollment

Asia-Pacific 1839 (61.3%) 5709 (44.8%)
Yes 1200 (40.0%) 3630 (28.5%)
No 1662 (565.4%) 9104 (71.4%)
Missing 139 (4.6%) 19 (0.1%)
15-17 41 (1.4%) 2242 (17.6%)
18-20 331 (11.0%) 1955 (15.3%)
21-24 903 (30.1%) 4192 (32.9%)
25-34 1571 (562.3%) 2649 (20.8%)
35-44 93 (3.1%) 1245 (9.8%)
>45 2 (0.1%) 470 (3.7%)
Missing 60 (2.0%) 0(0.0%)
Vaginal delivery 1516 (560.5%) -
Caesarean section 750 (25.0%) -
Elective abortion 387 (12.9%) =
Miscarriage 241 (8.0%) -
Others 75 (2.5%) =
Missing 32 (1.1%) -
<3 months 332 (11.1%) 228 (1.8%)
3-6 months 1426 (475%) 6060 (475%)
>6 months 690 (23.0%) 5540 (43.4%)
Missing 553 (18.4%) 925 (7.3%)
N = 2158 N = 10 049
<0.5 pack-years 1731 (80.2%) 8040 (80.0%)
>0.5 pack-years 412 (19.1%) 1798 (17.9%)
missing 15 (0.7%) 211 (2.1%)
0 193 (8.9%) 2034 (20.2%)
1 1176 (54.5%) 4055 (40.4%)
2-5 650 (30.1%) 2978 (29.6%)
>5 118 (5.5%) 761 (7.6%)
missing 21 (1.0%) 221 (2.2%)

Abbreviations: HPV, human papillomavirus; N, total number of subjects in each group; n, number of subjects per category; SD, standard deviation.

sexual partners. These variables were collected and assessed
as potential risk factors in the pooled HPV-008 and HPV-015
studies. We used SAS 9.2 (SAS Institute, Cary, North Carolina,
USA) for all statistical analyses.

RESULTS

Participants

A total of 15 754 women were enrolled in the control arm of
the 5 efficacy studies (Supplementary Figure 1). Of those
3001 (19.0%) reported at least 1 pregnancy during the studies
(Table 1). Of these pregnant women, 2556 (85.2%) continued
with the studies after pregnancy. Among them, 2448 (95.8%)

women had cervical samples collected at some point after preg-
nancy (Supplementary Table 1).

HPV Prevalence Before and After Pregnancy

In the HPV prevalence analyses, 2862 pregnant women were
included in cohort 2; of them, 2448 (in cohort 3) also could be
analyzed after pregnancy (Table 2). The overall HPV prevalence
before and after pregnancy was similar (25.4% and 24.3%, re-
spectively). Similar prevalence before and after pregnancy also
was detected for any hr-HPV (20.8 % and 19.8 %), HPV-16
(4.2% and 3.7%), and HPV-18 (2.0% and 1.8%) types (Table 2).
In the postresolution cohort (cohort 3), HPV prevalence was
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Table 2. Human Papillomavirus Prevalence Before Pregnancy and Post Pregnancy Resolution (Pregnant Cohort, N = 3001)

Prevalence
Any HPV hr-HPV HPV16/18 HPV16 HPV18
N % (95% Cl) % (95% CI) % (95% ClI) % (95% CI) % (95% Cl)

Prepregnancy 2862 25.4 (23.8-27.0) 20.8 (19.3-22.3) 5.9 (5.1-6.8) 4.2 (3.5-5.0) 2.0 (1.5-2.6)
Postresolution 2448 24.3 (22.6-26.0) 19.8 (18.2-21.4) 5.4 (4.5-6.3) 3.7 (3.0-4.5) 1.8 (1.3-2.4)

By age at resolution:

15-17 years 36 472 (30.4-64.5) 38.9 (23.1-56.5) 19.4 (8.2-36.0) 13.9 (4.7-29.5) 5.6 (0.7-18.7)

18-20 years 298 42.3 (36.6-48.1) 372 (31.7-43.0) 13.1 (9.5-174) 9.1 (6.1-12.9) 4.7 (2.6-78)

21-24 years 756 26.6 (23.5-29.9) 21.8 (18.9-24.9) 6.8 (5.1-8.8) 4.9 (3.5-6.7) 2.0(1.1-3.2)

25-34 years 1268 18.4 (16.3-20.6) 14.5 (12.6-16.6) 2.7 (1.9-3.7) 1.7 (1.0-2.5) 1.0 (0.6-1.8)

35-44 years 88 19.3 (11.7-29.1) 11.4 (5.6-19.9) 0.0 (0.0-4.1) 0.0 (0.0-4.1) 0.0 (0.0-4.1)

>45 years 2 0.0 (0.0-84.2) 0.0 (0.0-84.2) 0.0 (0.0-84.2) 0.0 (0.0-84.2) 0.0 (0.0-84.2)

by region:

Asia-Pacific® 899 19.5 (16.9-22.2) 16.4 (14.0-18.3) 3.9(2.7-5.4) 2.1 (1.3-3.3) 1.8 (1.0-2.9)

Europe 257 33.8 (28.1-40.0) 28.8 (23.3-34.8) 11.7 (8.0-16.2) 8.2 (56.1-12.2) 4.3 (2.2-75)

Latin America 855} 32.7 (27.8-37.8) 26.2 (21.7-31.1) 6.8 (4.4-9.9) 45 (2.6-72) 2.2 (1.0-4.4)

North America 277 39.4 (33.6-45.4) 30.0 (24.6-35.7) 9.4 (6.2-13.4) 7.6 (4.8-11.4) 2.2 (0.8-4.6)

China 660 16.2 (13.5-19.2) 13.2 (10.7-16.0) 2.4 (1.4-3.9) 2.0 (1.0-3.3) 0.4 (0.1-1.3)

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; hrHPV, high-risk HPV; N, number of participants in each group.

“Excluding China.

higher in women 15-17 years old than in other age groups for
all 5 HPV groups. In this same cohort, HPV prevalence was
lowest among subjects from China.

Most subjects (73.1% in the 2 multi-country studies, 82.1%
in the studies in China and Japan; Supplementary Table 2) were
HPV negative at first visit after pregnancy.

Incidence of hr-HPV Infection is Highest Between 3-6 Months After
Pregnancy

Of the 1733 women who were HPV negative at the last
visit before pregnancy (cohort 4), 357 cases of hr-HPV
infection (incidence of 108.4 per 1000 person-years), in-
cluding 99 cases of infection with HPV-16 or HPV-18
(27.3 per 1000 person-years), were detected (Table 3). The

incidence of infection with any hr-HPV type(s) was 40.1
per 1000 person-years within the first 3 months post preg-
nancy. The incidence increased to 266.7 per 1000 person-
years in the next 3 months then decreased to 95.7 per 1000
person-years after 6 months. The same trend of highest in-
cidence in the second 3-month period after pregnancy was
observed for HPV-16/18 and HPV-18, but not for HPV-16
(Supplementary Figure 2). Incidence rates postpregnancy
resolution showed the same trend for all 5 groups of HPV
in individual trials (Supplementary Table 3). In the 2 main
contributing studies, that is, HPV-008 and HPV-039, the
incidence of infection with hr-HPV increased from 50.0
per 1000 and 15.7 per 1000 person-years within the first
3 months after pregnancy to 360.8 per 1000 and 139.6

Table 3. Incidence of Human Papillomavirus Infection (n/1000 Person-Years) With Respect to Time After Pregnancy Resolution (Pregnant HPV-Negative

Cohort, N =1733)

Duration Between the Pregnancy Resolution and the First HPV Detection Post Resolution of Pregnancy

<3 months 3-6 months >6 months Any
HPV Total person Incidence®  Total person Incidence® Total person Incidence® Total person Incidence®
type (s) years n (95% ClI) years n (95% ClI) years n (95% CI) years n (95% CI)

Any HPV 423.8
Any hr-HPV 424.0

21 49.6 (30.7-75.8) 379.0
17 40.1 (23.4-64.2) 382.5

122 3219 (2673-384.4) 2378.7 274 115.2 (102.0-129.7) 31815
102 266.7 (2174-323.7)  2486.6 238 95.7 (83.9-108.7) 3293.1

417 131.1 (118.8-144.3)
357 108.4 (975-120.3)

HPV 16 425.3 3 71 (1.5-20.6) 398.3 6 15.1(5.56-32.8) 2845.1 49 172 (12.7-22.8) 3668.8 58 156.8(12.0-20.4)
HPV 18 425.5 0 0.0(0.0-8.7) 398.5 12 30.1 (165.6-52.6) 2870.5 35 12.2 (8.5-17.0) 3694.5 47 127 (9.4-16.9)
HPV 16/18 425.3 3 71 (1.5-20.6) 3970 18 45.3 (26.9-71.7) 2802.0 78 278 (22.0-34.7) 3624.3 99 27.3(22.2-33.3)

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; h=HPV, high-risk HPV; n, number of participants with this event.
per 1000 person-years.

4 « OFID « Chenetal



Table 4. Risk Factor Analysis of the Cox Proportional Hazards Model for Time to Any High Risk-HPV Infection (Pregnant HPV-Negative Cohort, N = 1733)

95% ClI
Risk Factor Categories N n Pvalue HR LL UL
HPV-008/015 trials
Age groups (years) at day 0 of follow-up 15-17 years 16 8 — — — —
18-20 years 161 62 .858 0.9 0.4 2.0
21-24 years 366 85 172 0.6 0.3 1.3
25-34 years 576 97 .020 0.4 0.2 0.9
>35 years® 69 14 .003 0.2 0.1 0.6
Region Europe 150 39 — — — —
North America 162 45 1990 1.0 0.6 1.6
Latin America 225 59 614 1.1 0.7 1.8
Asia Pacific 651 123 672 0.9 0.6 1.4
Method of resolution of pregnancy Vaginal delivery 698 129 — — — —
Caesarean section 229 50 .600 1.1 0.8 1.6
Elective abortion m 52 <.001 2.0 1.4 2.8
Miscarriage 131 29 .295 0.8 0.5 1.2
Others 8 1 .852 0.8 0.1 6.0
Duration since end of pregnancy to the time of the first <3 months 165 36 — — — —_
post resolution sample collection
3-6 months 678 161 415 1.2 0.8 1.7
>6 months 345 69 .698 1.1 0.7 1.7
History of HPV infection No any hr-HPV positive result 958 185 — — — —
Previous any hrHPV positive result 230 81 <.001 2.7 2.0 3.6
Smoking status at enrollment (pack-years) <0.5 pack-years 1002 217 . . . .
>0.5 pack-years 183 49 .590 0.9 0.6 1.3
Number of sexual partners at enrollment 0 103 32 — — — —
1 718 139 314 0.8 0.5 1.2
2-5 306 86 .905 1.0 0.6 1.6
>5 54 9 .042 0.4 0.2 1.0
HPV-032/063/039 trials
Age groups (years) at day 0 of follow-up® 18-20 years 10 4 — — — —
21-24 years 131 25 .079 0.4 0.1 1.1
25-34 years 404 62 .065 0.4 0.1 1.1
Region Asia Pacific® 26 8 — — — —
China 519 83 .006 0.3 0.2 0.7
Method of resolution of pregnancy Vaginal delivery 200 37 — — — —
Caesarean section 221 28 .450 0.8 0.5 1.4
Elective abortion 108 25 .992 1.0 0.6 1.7
Miscarriage 9 0 978 0.0 0.0 —
Others 7 1 405 0.4 0.1 3.2
Duration since end of pregnancy to the time of the first <3 months 40 10 — — — —
postresolution sample collection
3-6 months 341 52 444 0.8 0.4 1.5
>6 months 164 29 .620 0.8 0.4 1.8
History of HPV infection No any hHPV positive result 454 59 — — — —
Previous any hr-HPV positive result 91 32 <.001 3.4 2.2 5.4

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; h=HPV, high-risk HPV; HR, hazard ratio; LL, lower limit of confidence interval; N, total number of subjects in the category;
n, number of subjects with hr-HPV infection status in the category; UL, upper limit of confidence interval.

“The age groups 35-44 years and >45 years are pooled together as the number of subjects in >45 years were very low.
®There were no subjects in the 35-44 years and >45 years age groups in the pooled HPV032/069 and HPV-039 studies.
°Excluding China.

per 1000 person-years in the next 3 months post preg- Risk Factors for Acquiring hr-HPV Infection in the HPV-Negative Cohorts

nancy, respectively. Incidence rates then decreased to 146.1  Potential risk factors for HPV infection were analyzed with the Cox
per 1000 and 66.0 per 1000 person-years after 6 months proportional hazards model in the pregnant HPV-negative women
(Supplementary Table 3). (cohort 4) and in the nonpregnant HPV-negative women (cohort 5).
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In pregnant HPV-negative women from the HPV-008 and
HPV-015 trials (Table 4), incidence of hr-HPV infection de-
creases progressively with increasing age at pregnancy resolu-
tion. This factor varied from a hazard ratio (HR) of 0.4 (95%
confidence interval [CI], 0.2-0.9) for women of 25-34 years
old to an HR of 0.2 (95% CI, 0.1-0.6) for women of 35 years
or older compared to women of 15-17 years old. Elective
abortion (not including spontaneous miscarriage) as the
outcome of pregnancy was associated with a higher risk of
hr-HPV infection postresolution in comparison to vaginal
delivery (HR, 2.0; 95% CI, 1.4-2.8). Miscarriage, however,
was not identified as a significant risk factor for hr-HPV in-
fection when compared to vaginal delivery (HR, 0.8; 95% CI,
0.5-1.2). A history of previous infection with hr-HPV type
also more than doubled the risk of hr-HPV infection (HR,
2.7; 95% CI, 2.0-3.6). In the nonpregnant cohort from the
HPV-008 and HPV-015 trials, the risk factors were age, pre-
vious HPV infections, smoking, and number of sexual part-
ners. The risk also was somewhat different among the various
regions (Supplementary Table 4).

In the HPV-032/063 and HPV-039 trials where information
about sexual behavior was not captured, history of previous
hr-HPV infection was associated with higher risk of acquiring
infection with hr-HPV (HR, 3.4; 95% CI, 2.2-5.4) in pregnant
HPV-negative women. Risk of infection by HPV was lower in
China than in Japan (HR, 0.3; 95% CI, 0.2-0.7; Table 4). The
same risk factors were observed in the nonpregnant cohort
(Supplementary Table 4).

The association of pregnancy with hr-HPV infection also was
analyzed in the combined population of the 2 HPV-negative
cohorts (combined cohorts 4 and 5; Table 5). In women from
the HPV-008 and HPV-015 trials (N = 8092), pregnancy was
associated with a small increased risk for hr-HPV infection
(HR, 1.2; 95% CI, 1.0-1.4). This, however, was not observed in
women (N = 2451) from the HPV-032/063 and HPV-039 trials
(HR, 0.9; 95% CI, 0.7-1.1).

Supplementary Figure 3 elaborates on the clinical relevance
of the study findings in a form that could be shared with pa-
tients by healthcare professionals.

DISCUSSION

We examined HPV prevalence in women before and after preg-
nancy from the control arms of 5 clinical trials of the HPV-
16/18 AS04-adjuvanted vaccine. These women, who were
enrolled regardless of their cytological, serological, and HPV
DNA status and who were not vaccinated against HPV infec-
tion, therefore approximate the general population. We also
examined HPV incidence after pregnancy in women that were
HPYV negative before pregnancy. These analyses were insightful
about the risks of HPV infection following pregnancy. Finally,
we explored several risk factors for acquiring HPV infection po-
tentially during or shortly after pregnancy.

When comparing prevalence in women before and after preg-
nancy, we found no meaningful differences in the overall prev-
alence of hr-HPV or HPV-16/18 infections. Pregnant women,
in general, have fewer new sexual partners than nonpregnant
women, and as the number of sexual partners is a known risk
factor for HPV infection [5], they are less likely to acquire new
infections. The transient nature of many HPV infections also may
explain partly this finding [4]. As cervical samples during preg-
nancy were not available, we were not able to validate the sugges-
tion that women had a lower HPV clearance during pregnancy
with a catch up postpartum [27]. Previous studies in pregnant
versus nonpregnant women found conflicting results of HPV
prevalence. Some reported it was higher in pregnant women [10,
11], while others reported that there was no difference in HPV
prevalence [12, 13]. In those studies, however, the HPV preva-
lence was not assessed in the women before pregnancy, so their
HPV prevalence at the start is unknown [11, 28]. The outcomes,
therefore, are debatable. A study assessing HPV prevalence before
pregnancy, at various trimesters during pregnancy, and at several
timepoints after pregnancy may shed light on the dynamics of
HPYV infection and clearance around pregnancy.

In our study, most women, either before or after pregnancy,
were HPV negative. These data are similar to those found for
the general female population [17]. These women are at risk of
acquiring HPV infection and would benefit from preventive
measures to reduce their risk of infection and of further devel-
oping HPV-associated cervical cancer.

Table 5. Pregnancy as Risk Factor Analysis of the Cox Proportional Hazards Model for Time to Any High Risk-HPV Infection (HPV-Negative Cohort)

95% Cl
Risk factor Categories N n P value HR LL UL
HPV-008/015 trials
Pregnancy status Nonpregnant 6904 2552 — — — —
Pregnant 1188 266 .008 12 1.0 1.4
HPV-032/063/039 trials
Pregnancy status Nonpregnant 1906 588 — — — —
Pregnant 545 91 .235 0.9 0.7 1.1

Abbreviations: Cl, confidence interval; HPV, human papillomavirus; HR, hazard ratio; LL, lower limit of confidence interval; N, total number of subjects in the category; n, number of subjects

with high risk-HPV infection status in the category; UL, upper limit of confidence interval.
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Few studies reported the incidence of HPV infection after
pregnancy, but there were no data on the risk factors of HPV
infection after pregnancy. When analyzing women who were
HPV negative before pregnancy, we found that the incidence
of HPV infection for any HPV, any hr-HPV, HPV-16, HPV-
18, and HPV-16/18, was the highest 3 to 6 months after res-
olution of pregnancy. The incidence increased drastically
after the first 3 months postresolution then declined after
the second 3-month period. A recent review of the litera-
ture on sexual behavior during and after pregnancy found
that the average time of resumption of intercourse was 6 to
8 weeks postpartum, although the initial frequency is very
low. The frequency increases at 3 months, 4 to 6 months, and
at 1 year after pregnancy, but even then it does not reach
prepregnancy rates [29]. The data on resumption and fre-
quency of intercourse may explain the peak seen in increased
HPV incidence at 3 to 6 months after pregnancy as this
period is close to the typical time of 6 to 8 weeks needed for
the healing of the cervix after pregnancy. In addition, other
postpartum sexual behaviors may impact the incidence of
HPYV infection after pregnancy. The number of sexual part-
ners of the women or the exposure of their partner to other
sexual partners outside of the relationship could be potential
factors to consider, as postpartum depression and alteration
of sexual function can alter the relationship [30]. Among
other potential factors, it is noteworthy that a recent study
reported about half of the women who had resumed sexual
intercourses 6 weeks after birth were not using contracep-
tion, including condoms [31].

The incidence of any hr-HPV infection in women after
pregnancy was 108.4 per 1000 person-years, which is much
lower than the incidence of 217.9 per 1000 person-years re-
ported in women who had recently commenced sexual ac-
tivity in the control arm of the HPV-008 trial [32]. The women
who experienced first sexual activity in the HPV-008 study
had a mean age of 17.4 +/- 2.1 years [32], while in our study
the mean age at pregnancy resolution was 25.1 +/- 4.3 years.
Incidence of HPV stratified by age groups, however, shows
that the youngest women (15-24 years old) endure the highest
incidence of HPV infections (Supplementary Table 5), under-
lining the reduced risk of infection at an increased age that
we found.

Our exploratory analysis of risk factors found younger age
at pregnancy resolution (reversely associated), history of pre-
vious HPV infection, elective abortion, and the number of
sexual partners were risk factors for postresolution HPV infec-
tion. Smoking increased the risk of acquiring HPV infection in
the nonpregnant women, though this was not observed in the
pregnant cohort. The risk also varied among regions, being the
highest in the Americas and lowest in Asia. Analysis using the
Cox proportional hazards model did not confirm pregnancy as
a risk factor in our study population.

The most significant risk factor for any hr-HPV infection
was a previous infection with HPV (HR, 2-4). This risk factor
may be explained by the other mentioned lifestyle factors (such
as smoking, number of sexual partners, etc.), genetic suscepti-
bility to HPV infection, or dormant HPV infection that was not
cleared and remained in basal layer of the cervix. Such dormant
HPV infection could be reactivated by pregnancy or delivery
and be detected as new infection.

There are several limitations to the current study. First,
there were no cervical samples collected during pregnancy.
The value of taking such samples would be difficult to justify
due to the potential risk of the procedure during pregnancy.
Therefore, we were unable to assess the prevalence, incidence,
and clearance of HPV infection during pregnancy. It would
be valuable to determine these parameters during the preg-
nancy versus before and after pregnancy. For instance, a lower
HPV prevalence during pregnancy could be due to a lower in-
fection rate if fewer sexual partners are encountered. Second,
initially HPV-negative women with their first postresolution
HPV-positive cervical sample could have been infected any
time between the last test before pregnancy and the first post-
partum test. They were all considered as incident cases with
the infection occurring after pregnancy, even though sexual
activity usually continues, but at a lower frequency, during
the first 2 trimesters of pregnancy [30, 33]. In that way, the
postresolution incidence potentially could be overestimated.
Interestingly, when the first postpartum test was made be-
tween 3 to 6 months after pregnancy, the measured incidence
was higher and might correlate with the increased sexual ac-
tivity that is known to occur at that time. Still, relatively few
women had their first postresolution cervical samples col-
lected within the first 3 months after pregnancy. The incidence
during the 3-6 months postresolution period thus could be
overestimated if some of the incident cases who acquired
HPV infection before this period only were detected then.
Smoking status was recorded at study enrollment, though
women may have quit smoking at pregnancy detection, as ad-
vocated by their physician. This information was not captured
and may have impacted the results, but is unlikely to change
the conclusion of the analysis. Finally, our analysis had to be
stratified due to differences in data availability between the
HPV-008/015 and the HPV-032/063/039 studies. We used the
available data from the control arms of studies that differed in
population, design, and objectives. This heterogeneity reduced
the sample size and the opportunity to confirm some potential
risk factors of HPV infection.

The results of this pooled analysis add to the current un-
derstanding about HPV prevalence and incidence around
pregnancy. Prevalence of HPV was similar before and after
pregnancy, suggesting that despite an altered immune system,
the risk of infection by HPV may not change significantly
during pregnancy (although we had no direct access to this
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information). Another finding was that HPV incidence in pre-
viously HPV-negative women was the highest in the second
3-month period after pregnancy. This may reflect the timing of
resumption and frequency of sexual activities.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.

Acknowledgments

The authors would like to thank the study participants of the HPV-008
(NCT00122681), HPV-015 (NCT00294047), HPV-032/063 (NCT00316693
and NCT00929526), and HPV-039 (NCT00779766) trials as well as the in-
vestigators and study staff.

The authors also would like to thank Business & Decision Life Sciences
for writing support, editorial assistance, and manuscript coordination on
behalf of GSK. Benjamin Lemaire coordinated manuscript development
and editorial support.

Author contributions. All authors participated in the design or imple-
mentation or analysis, interpretation of the study, and the development of
this manuscript. All authors had full access to the data and gave final ap-
proval before submission.

Data availability. To request access to patient-level data and documents
for this study, please submit an enquiry via www.clinicalstudydatarequest.
com.

Financial support. GlaxoSmithKline Biologicals SA funded this study
and was involved in all stages of study conduct, including analysis of the
data (GSK study identifier: 204705). GlaxoSmithKline Biologicals SA also
took in charge all costs associated with the development and publication of
this manuscript.

Potential conflicts of interest. All authors are employees of the GSK
group of companies. Jing Chen, Dominique Rosillon, and Frank Struyf hold
shares from the GSK group of companies. All authors have submitted the
ICMJE Form for Disclosure of Potential Conflicts of Interest. Conflicts that
the editors consider relevant to the content of the manuscript have been
disclosed.

References

1. Bosch FX, Lorincz A, Muiioz N, Meijer CJ, Shah KV. The causal relation between
human papillomavirus and cervical cancer. ] Clin Pathol 2002; 55:244-65.

2. Ferlay J, Soerjomataram I, Dikshit R, et al. Cancer incidence and mortality world-
wide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer
2015; 136:E359-86.

3. Bruni L, Barrionuevo-Rosas L, Albero G, et al. Human Papillomavirus and
Related Diseases in the World. http://hpvcentre.net/statistics/reports/XWX.pdf.
Published July 27, 2017. Accessed November 22, 2018.

4. Trottier H, Franco EL. Human papillomavirus and cervical cancer: burden of ill-
ness and basis for prevention. Am ] Manag Care 2006; 12:5462-72.

5. Moscicki AB. HPV infections in adolescents. Dis Markers 2007; 23:229-34.

6. International Collaboration of Epidemiological Studies of Cervical Cancer.
Cervical carcinoma and reproductive factors: Collaborative reanalysis of in-
dividual data on 16 563 women with cervical carcinoma and 33 542 women
without cervical carcinoma from 25 epidemiological studies. Int ] Cancer. 2006;
119:1108-24.

7. Jensen KE, Schmiedel S, Norrild B, Frederiksen K, Iftner T, Kjaer SK. Parity
as a cofactor for high-grade cervical disease among women with persistent
human papillomavirus infection: a 13-year follow-up. Br J Cancer 2013;
108:234-9.

8. Munoz N, Franceschi S, Bosetti C, et al; International Agency for Research on
Cancer. Multicentric Cervical Cancer Study Group. Role of parity and human
papillomavirus in cervical cancer: the IARC multicentric case-control study.
Lancet 2002; 359:1093-101.

9. Sappenfield E, Jamieson DJ, Kourtis AP. Pregnancy and susceptibility to infec-
tious diseases. Infect Dis Obstet Gynecol 2013; 2013:752852.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Liu P, Xu L, Sun Y, Wang Z. The prevalence and risk of human papillomavirus
infection in pregnant women. Epidemiol Infect 2014; 142:1567-78.

Salcedo MM, Damin AP, Agnes G, et al. Prevalence of human papillomavirus
infection in pregnant versus nonpregnant women in Brazil. Arch Gynecol Obstet
2015; 292:1273-8.

Schmeink CE, Melchers WJ, Hendriks JC, et al. Human papillomavirus detec-
tion in pregnant women: a prospective matched cohort study. ] Womens Health
(Larchmt) 2012; 21:1295-301.

Trottier H, Mayrand MH, Baggio ML, et al; Ludwig-McGill Cohort Study Group.
Risk of human papillomavirus (HPV) infection and cervical neoplasia after preg-
nancy. BMC Pregnancy Childbirth 2015; 15:244.

Massad LS, Einstein MH, Huh WK, et al; 2012 ASCCP Consensus Guidelines
Conference. 2012 updated consensus guidelines for the management of abnormal
cervical cancer screening tests and cancer precursors. ] Low Genit Tract Dis 2013;
17:51-S827.

Arbyn M, Xu L, Simoens C, Martin-Hirsch PP. Prophylactic vaccination against
human papillomaviruses to prevent cervical cancer and its precursors. Cochrane
Database Syst Rev 2018; 5:CD009069.

Harper DM, DeMars LR. HPV vaccines - a review of the first decade. Gynecol
Oncol 2017; 146:196-204.

Bruni L, Diaz M, Barrionuevo-Rosas L, et al. Global estimates of human papil-
lomavirus vaccination coverage by region and income level: a pooled analysis.
Lancet Glob Health 2016; 4:¢453-63.

Apter D, Wheeler CM, Paavonen J, et al; HPV PATRICIA Study Group. Efficacy of
human papillomavirus 16 and 18 (HPV-16/18) AS04-adjuvanted vaccine against
cervical infection and precancer in young women: final event-driven analysis of the
randomized, double-blind PATRICIA trial. Clin Vaccine Immunol 2015; 22:361-73.
Konno R, Tamura S, Dobbelaere K, Yoshikawa H. Efficacy of human papilloma-
virus type 16/18 AS04-adjuvanted vaccine in Japanese women aged 20 to 25 years:
final analysis of a phase 2 double-blind, randomized controlled trial. Int ] Gynecol
Cancer 2010; 20:847-55.

Konno R, Yoshikawa H, Okutani M, et al. Efficacy of the human papillomavirus
(HPV)-16/18 AS04-adjuvanted vaccine against cervical intraepithelial neoplasia
and cervical infection in young Japanese women. Hum Vaccin Immunother 2014;
10:1781-94.

Skinner SR, Szarewski A, Romanowski B, et al; VIVIANE Study Group. Efficacy,
safety, and immunogenicity of the human papillomavirus 16/18 AS04-adjuvanted
vaccine in women older than 25 years: 4-year interim follow-up of the phase 3,
double-blind, randomised controlled VIVIANE study. Lancet 2014; 384:2213-27.
Zhu FC, Chen W, Hu YM, et al; HPV-039 study group. Efficacy, immunogenicity and
safety of the HPV-16/18 AS04-adjuvanted vaccine in healthy Chinese women aged
18-25 years: results from a randomized controlled trial. Int ] Cancer 2014; 135:2612-22.
Zhu FC, Hu SY, Hong Y, et al. Efficacy, immunogenicity, and safety of the HPV-
16/18 AS04-adjuvanted vaccine in Chinese women aged 18-25 years: event-
triggered analysis of a randomized controlled trial. Cancer Med 2017; 6:12-25.
Lehtinen M, Paavonen J, Wheeler CM, et al; HPV PATRICIA Study Group.
Overall efficacy of HPV-16/18 AS04-adjuvanted vaccine against grade 3 or
greater cervical intraepithelial neoplasia: 4-year end-of-study analysis of the ran-
domised, double-blind PATRICIA trial. Lancet Oncol 2012; 13:89-99.

Paavonen J, Jenkins D, Bosch FX, et al; HPV PATRICIA Sudy Group. Efficacy of
a prophylactic adjuvanted bivalent L1 virus-like-particle vaccine against infection
with human papillomavirus types 16 and 18 in young women: an interim analysis
of a phase III double-blind, randomised controlled trial. Lancet 2007; 369:2161-70.
van Doorn LJ, Molijn A, Kleter B, Quint W, Colau B. Highly effective detection
of human papillomavirus 16 and 18 DNA by a testing algorithm combining
broad-spectrum and type-specific PCR. J Clin Microbiol 2006; 44:3292-8.
Nobbenhuis MA, Helmerhorst TJ, van den Brule AJ, et al. High-risk human pap-
illomavirus clearance in pregnant women: trends for lower clearance during preg-
nancy with a catch-up postpartum. Br ] Cancer 2002; 87:75-80.

Chan PK, Chang AR, Tam WH, Cheung JL, Cheng AF. Prevalence and genotype
distribution of cervical human papillomavirus infection: comparison between
pregnant women and nonpregnant controls. ] Med Virol 2002; 67:583-8.
Jawed-Wessel S, Sevick E. The impact of pregnancy and childbirth on sexual be-
haviors: a systematic review. ] Sex Res 2017; 54:411-23.

Leeman LM, Rogers RG. Sex after childbirth: postpartum sexual function. Obstet
Gynecol 2012; 119:647-55.

Sok C, Sanders JN, Saltzman HM, Turok DK. Sexual behavior, satisfaction, and contra-
ceptive use among postpartum women. ] Midwifery Womens Health 2016; 61:158-65.
Castellsagué X, Paavonen J, Jaisamrarn U, et al; HPV PATRICIA Study Group.
Risk of first cervical HPV infection and pre-cancerous lesions after onset of sexual
activity: analysis of women in the control arm of the randomized, controlled
PATRICIA trial. BMC Infect Dis 2014; 14:551.

Chang SR, Chen KH, Lin HH, Yu HJ. Comparison of overall sexual function, sexual
intercourse/activity, sexual satisfaction, and sexual desire during the three trimes-
ters of pregnancy and assessment of their determinants. ] Sex Med 2011; 8:2859-67.

8 o« OFID « Chen etal



