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Abstract

Background: Vaccination against human papillomaviruses (HPV) prevents HPV infections and
consequently, cervical lesions. However, the effect of vaccination on HPV transmission within
couples is unknown.

Methods: We used data from HITCH, a prospective cohort study of heterosexual couples
(women aged 18-24y) in Montreal, 2005-2013. Vaccination history was self-reported. Genital
samples were tested for HPV DNA by PCR (Linear Array). Type-specific viral loads were
quantified using real-time PCR. Odds and hazard ratios (OR/HR) were estimated using multi-level
mixed-effects logistic regression and a parametric model for interval-censored survival-time data,
respectively. Differences in viral loads were evaluated using the Friedman’s ANOVA test.

Results: Among 497 couples, 12, 16, and 35 women received 1, 2, or 3 vaccination doses at
baseline, respectively. Median age at vaccination was 18y. Most women (92.1%) had their first
coitus before vaccination. At baseline, partner concordance of persistent HP\V/6/11/16/18
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infections was lower in vaccinated than unvaccinated women (adjusted OR=0.10, 95%CI:
0.01-0.65) but not for non a.7/a9/a10-HPV types (adjusted OR=1.00, 95%CI: 0.44-2.29).
Incidence of persistent a.7/a9/a.10 HPV types in women was inversely associated with vaccination
status at baseline (adjusted HR=0.12, 95%CI: 0.03-0.47). Likewise, male partners of vaccinated
women had a lower incidence of a7/a9/a.10 HPV infections (adjusted OR=0.22, 95%Cl:
0.05-0.95). Vaccinated women with HPV 6/11/16/18 infections had lower viral loads (p=0.001)
relative to unvaccinated women.

Conclusion: Vaccination of sexually active women significantly reduced transmission of a7/a9/
a 10 HPV types in heterosexual couples.

Impact: These results underscore and quantify the positive effect of HPV vaccination on HPV
transmission within heterosexual couples.

Keywords

human papillomaviruses; infection transmission; papillomavirus vaccines; viral load; HPV
incidence

INTRODUCTION

Human papillomavirus (HPV) is the most common sexually transmitted viral infection (1).
In the late 20™ century, persistent infection with HPV was recognized as a necessary cause
of cervical cancer and anogenital warts, and an important cause of other anogenital and
head-and-neck cancers (2). Worldwide, HPV infections causally contribute to approximately
5% of all incident malignant neoplasms (3). The identification of HPV as a risk factor for
cancer resulted in the successful development of prophylactic HPV vaccines. Three of these
vaccines are commonly used in clinical practice: Cervarix, Gardasil, and Gardasil-9, which
respectively target two (HPV16/18), four (HPV6/11/16/18) and nine
(HPV6/11/16/18/31/33/45/52/58) HPV types (4-8). Vaccination significantly decreases the
chance for HPV-related disease in vaccinated individuals (4-8). Vaccination coverage is
expanding globally, as an increasing number of countries have implemented HPV
vaccination in their national vaccine programs, and gender-neutral vaccination is becoming
more common.

Studies have reported that the benefit of HPV vaccination may extend beyond vaccinated
individuals; herd immunity occurs after implementation of vaccine programs, as HPV
infections and HPV-related diseases are reduced in unvaccinated individuals too.
Unvaccinated women have a reduced prevalence of vaccine-targeted HPV genotypes years
after the introduction of vaccination, albeit to a lesser extent than that for fully vaccinated
women (9,10). This could be explained by unvaccinated male partners being less likely to
acquire HPV from vaccinated female partners, and therefore being less likely to transmit
HPV to subsequent unvaccinated partners. However, the effect of vaccination on
transmission dynamics between sexual partners remains largely unknown. Expectedly, a
vaccinated woman is more likely than an unvaccinated woman to be negative for HPV types
included in the vaccine, reducing female-to-male transmission of these HPV types. Other
mechanisms may further reduce transmission. Being infected with one HPV type tends to be
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predictive of infection risk with other HPV types (1). Some girls/women may have acquired
a genital HPV infection before vaccination, particularly if vaccinated at an older age. A key
question is whether vaccination reduces HPV transmission between heterosexual partners
when women are HPV-positive and vaccinated at an older age, possibly because vaccination
might reduce the viral load of the infection (11). Furthermore, HPV-positive men may have
improved clearance rates of HPV infections while in a relationship with a vaccinated
woman, as these men are not re-infected by their female partner (9).

We analyzed data from the ‘HPV Infection and Transmission among Couples through
Heterosexual Activity’ (HITCH) cohort study to evaluate the effect of HPV vaccination on
HPV transmission dynamics between sexually active couples (12). Due to its recruitment
period (2005-2011), HITCH participants had been vaccinated voluntarily in their late teens/
early twenties, generally after their first sexual activity. Hence, we were able to study the
effect of late vaccination on HPV transmission dynamics between young, newly formed,
heterosexual couples.

METHODS

Study population

The HITCH cohort study has been described previously (12-15). In brief, we enrolled 502
heterosexual couples between May 2005 and February 2011, consisting of young female
university or junior college students (primarily aged 18-24 years) in Montreal, Canada, and
their male partners (=18 years). Eligibility criteria were as follows: the couple had started
their (sexual) relationship less than six months before recruitment, the woman was not
pregnant or planning to become pregnant in the next two years, had an intact uterus, and no
history of cervical lesions/cancer. Women had up to six clinical visits during two years of
follow-up (at 0, 4, 8, 12, 18, and 24 months). Male partners were invited for clinical visits at
0 and 4 months, with the baseline visit being on the same date as the female’s baseline visit.
If men were unable to have their baseline visit on the same date as their female partner
(n=4), their visit was scheduled as closely to the female’s baseline visit as possible. During
clinical visits, genital specimens were collected, either by self-sampling (vaginal samples) or
by a nurse (penile samples). To minimize contamination of genital specimens through recent
sexual contact, participants were asked to abstain from intercourse 24 hours prior to sample
collection. At baseline and during follow-up, participants also filled out web-based
questionnaires, which included questions on HPV vaccination, demographics, and sexual
behavior/history.

All subjects provided written informed consent. HITCH follows all national and
international laws regarding research with human data and materials, including the
Declaration of Helsinki and Canadian laws. Ethical approval was obtained from the McGill
University Institutional Review Board (Study Number A09-M77-04A), and is annually
renewed.
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Genital specimen processing

Specimens were tested by polymerase chain reaction (PCR) based on amplification of a 450
base-pair segment of the HPV L1 capsid gene and identification of 36 mucosal HPV
genotypes using the Linear Array HPV genotyping assay (LA-HPV) (Roche Molecular
Systems, Laval, Canada), as described previously (16). A p-globin DNA sequence was
amplified to verify that specimens contained exfoliated cells for testing. For some analyses,
we grouped HPV genotypes according to phylogenetic relatedness to the four types included
in the HPV vaccine (17). Species a9 and a7 includes types related to HPV16 and HPV18,
respectively, whereas species a.10 includes types related to HPV6 and HPV11.

Viral loads of HPV types 6, 11, 16, 18, 31, 42, and 51 were measured using quantitative
type-specific real-time PCR assays. Viral loads were determined in female genital samples
for HPV types that tested positive in the Linear Array HPV genotyping assay. Samples and
diluted samples free of inhibiting activity were tested in duplicate in a Light Cycler PCR and
detection system (Roche Molecular Systems, Laval, Quebec) for quantification of HPV.
Viral loads were calculated by dividing the number of HPV DNA copies by the total number
of cells, which was estimated by quantitation of p-globin by real-time PCR, as described
previously (18). If a participant was positive for a specific HPV type during multiple visits,
we considered the maximum viral load measured during any visit as a surrogate measure for
potential viral shedding. HPV-positive participants with a maximum viral load of 0 were
excluded as these samples contained HPV DNA below the cut-off for quantitation.

Statistical analyses

We considered HPV prevalence, persistence, concordance, incidence, and clearance as study
outcomes. Prevalence was defined as the number of HPV-positive individuals divided by the
total number of individuals of the same sex tested for the same HPV type. When grouping
results from multiple HPV types, one individual could have multiple observations. A
persistent infection was defined as two consecutive positive measurements for the same
HPV type. HPV concordance was defined as both members of the couple testing positive for
the same HPV type during the same visit. Concordance of persistent infections was defined
as an individual and his/her partner having the same type-specific HPV infection at both the
first and second visits. Three definitions were used for HPV incidence and clearance. An
individual had an incident infection when HPV was detected after =1 negative visit(s). In a
more conservative definition, an individual needed to have =2 positive same-type episodes at
consecutive visits after >1 negative visit(s) (incidence of a persistent infection). An even
stricter definition of an incident persistent infection stipulated that an individual had =2
consecutive negative measurements followed by =2 consecutive positive visits. Using the
same hierarchical approach, clearance of an infection was defined as a negative HPV test
after =1 positive visit(s); an individual had persistent clearance of an infection when having
>2 negative measurements after =1 positive visit(s); and an individual had persistent
clearance of a persistent infection when having =2 consecutive negative measurements after
=2 consecutive positive visit(s).

Both male and female participants self-reported condom use at the baseline visit. Condom
use was divided into three categories: never, irregularly (rarely/sometimes/most of the time),
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and always. When partners’ answers differed, they were considered to have always worn
condoms only if one answered ‘always’ and the other “always’ or ‘most of the time’.
Similarly, we considered couples to never wear condoms if one of the partners stated ‘never’
and the other ‘rarely’ or ‘never’.

Differences in categorical baseline characteristics between vaccinated and unvaccinated
couples were evaluated using Chi-square tests. Odds ratios (OR) and their respective 95%
confidence intervals (95%CI) were calculated using univariable and multivariable logistic
regression. Multilevel, mixed-effects logistic regression models that included a random
intercept for each individual were used in repeated-measures analyses. In women, we
calculated hazard ratios (HR) for the incidence and clearance of HPV infections using a
parametric model for interval-censored survival-time data. Observations were clustered by
participant to account for repeated measurements within individuals. Since men had only
one follow-up visit, in general four months after the baseline visit, we limited the incidence
and clearance analyses of HPV infections to multilevel mixed-effects logistic regression.
Differences in viral loads between vaccinated and unvaccinated women were evaluated with
the ANOVA Cochran—Mantel-Haenszel test using rank scores (Friedman’s ANOVA),
stratifying the data by HPV type (19).

All statistical analyses were performed using Stata 15.1 (STATA Corp., College Station,
TX).

In 5 of 502 couples (1.0%), baseline genital samples tested negative for B-globin; these
couples were excluded from our analyses. Baseline characteristics of the remaining 497
couples are displayed in table 1, stratified by vaccination status. Sixty-three women (12.7%)
reported that they had been vaccinated at the baseline visit, of whom 12 (19.0%), 16
(25.4%), and 35 (55.6%) had received 1, 2, and 3 vaccine doses, respectively. Five women
(7.9%) reported that they had been vaccinated before their first sexual activity (coitus); we
were able to determine that at least 35 women had been vaccinated before the first coitus
with their HITCH partner (supplementary table S1). One woman received the bivalent
vaccine while all other women received the quadrivalent vaccine. In general, characteristics
were similar between vaccinated and unvaccinated couples. The median age of women was
21 and 20 years in unvaccinated and vaccinated women, respectively. Women reported a
median number of 5 lifetime vaginal sex partners of the opposite sex in both groups, men
reported a median number of 6 lifetime sex partners in both groups. The median age of first
coitus was 17 years, irrespective of sex and vaccination status. Among both vaccinated and
unvaccinated women, 10-15% reported having a concurrent sexual partner besides their
HITCH partner at baseline. Unvaccinated women had had slightly more sex with same-sex
partners relative to vaccinated women (15.7% versus 9.5%, p=0.21), the inverse was true for
male partners of unvaccinated women (7.6% versus 9.5%, p=0.57). Most couples had
irregular condom use, with 11.8% and 20.3% of unvaccinated couples never or always using
condoms, respectively. In vaccinated couples, 20.6% and 15.9% never or always used
condoms (p-value when comparing vaccinated to unvaccinated couples: 0.13).
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We compared the prevalence of all HPV infections and persistent HPV infections at the
baseline visit between couples in which the woman was or was not vaccinated (table 2,
supplementary tables S2 and S3). In couples in which the woman had not been vaccinated at
baseline, HPV16 was the most prevalent persistent infection in both men (14.0%) and
women (14.7%). When the woman was vaccinated, HPV51 was the most prevalent
persistent HPV infection in both women (10.3%) and their male partners (13.2%).
Vaccinated women had significantly fewer HPV6/11/16/18 infections, also after adjusting
for the partner’s type-specific genital HPV status at baseline (adjusted OR for persistent
infection=0.14, 95%CI: 0.04-0.51). There were no significant differences in the risk of HPV
types unrelated to the ones in the vaccine, but there was a reduction, albeit non-significant,
in prevalence of infections of other a7, a9 or a10 types in vaccinated women (adjusted OR
for persistent infection=0.75, 95%CI: 0.39-1.46). In men, there was a non-significant lower
prevalence of HPV6/11/16/18 infections (adjusted OR for any infection=0.81, 95%ClI
0.42-1.56). However, after adjusting for the partner’s type-specific genital HPV status at the
baseline visit, this difference disappeared (adjusted OR for any infection=1.90, 95%Cl:
0.82-4.39).

Next, we evaluated HPV concordance between active sexual partners at the first two visits
(table 3). When a male partner was positive for HPV 6/11/16/18, concordance at that visit
was significantly lower in vaccinated women (adjusted OR=0.10, 95%CI: 0.01-0.65).
Similarly, when evaluating persistent HPV 6/11/16/18 infections, the adjusted OR was
below 0.01 (95%Cl: 0.00-0.24). When comparing concordance between vaccinated and
unvaccinated women for other a7, a9 or a10 HPV types, a non-significant decrease in
concordance was observed (adjusted OR=0.76, 95%CI: 0.20-2.86). No significant difference
in concordance was found between vaccinated and unvaccinated women for other HPV
types, or when comparing concordance in male sexual partners of vaccinated and
unvaccinated HPV-positive women.

The incidence of any HPV6/11/16/18 infection was significantly decreased in women who
had received two or three HPV vaccine doses before their first visit (adjusted HR=0.43,
95%Cl: 0.23-0.81) (figure 1A, supplementary table S4). Using the strictest definition of an
incident infection (=2 negative measurements followed by >2 positive measurements), none
of the vaccinated women had an incident infection with HPV6/11/16/18. Women who had
received two or three vaccine doses also had a decreased incidence of other a7, a9, and a10
HPV types (adjusted HR for any incident infection=0.47, 95%CI: 0.30-0.75; figure 1B).
Between vaccinated and unvaccinated women, no consistent differences were observed for
the incidence of HPV types that were not part of the a7, a9, and a10 species (figure 1C).

In terms of clearance, women who received two or three vaccine doses before the baseline
visit had increased clearance rates of HPV6/11/16/18 infections (adjusted HR=1.64, 95%Cl:
1.09-2.46, supplementary table S5), but interpretation of clearance analyses was limited due
to the low numbers of vaccinated women at risk, i.e., few vaccinated women had
HPV6/11/16/18 infections (figure 1D). Generally, clearance rates did not differ significantly
between vaccinated and unvaccinated women for other HPV types (figures 1E-F).
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Male partners of vaccinated women had a decreased incidence of a7, a9, and a10 HPV
types at their follow-up visit (adjusted OR=0.22, 95%CI: 0.05-0.95, table 4). We also
calculated incidence limited to men “at risk’ of an incident HPV infection, i.e., men who
were negative for an HPV type at baseline, while their female partner had a type-specific
HPV infection at the baseline visit. While 25.0% of “at risk’ men with an unvaccinated
female partner had an incident a7, a9 or a10 HPV infection, none of the five men with a
vaccinated female partner had an incident HPV infection with these species. Clearance rates
did not differ significantly between men with vaccinated and unvaccinated female partners.

Vaccinated women who tested positive for HPV6, 11, 16, or 18 despite being vaccinated,
had lower viral loads than unvaccinated women (p=0.001, table 5). This difference was
primarily driven by HPV16. However, viral load distribution for HPV31, 42, and 51 was
similar between vaccinated and unvaccinated women (p=0.93).

DISCUSSION

In this study, we present evidence of changes in HPV transmission dynamics following HPV
vaccination in a cohort of young, recently formed, sexually active, heterosexual couples. We
showed how epidemiologic measures such as HPV type-concordance, type-specific
prevalence, incidence, clearance, and viral loads varied in couples in which the woman had
been vaccinated against HPV before the first study visit, relative to those in which the
woman was not vaccinated. Our findings provide empirical support to the expectation that
vaccination of sexually active women benefits not only the women themselves, but also their
sexual partners, even in a population with late vaccination (after the onset of sexual activity)
and in which men have had multiple sexual partners in the past.

As expected, vaccinated women had a lower incidence, prevalence and persistence of
HPV6/11/16/18 infections. Interestingly, they also had a higher clearance rate of HPV
6/11/16/18 infections, regardless of the clearance definition used. This may have been a
chance finding, due to the low number of vaccinated women who tested HPV 6/11/16/18
positive. It may also indicate that vaccination prevents persistence of HPV infections, and/or
that such short-lasting, clearing HPV detections are not ‘true’ infections of epithelial cells,
but for example deposition from the sexual partner (20,21). Vaccinated women who tested
positive for HPV 6, 11, 16, or 18 also had lower type-specific viral loads than unvaccinated
women who were positive for these types. There could be various explanations for this
decrease in viral loads in vaccinated women. First, previous studies have shown an inverse
correlation between viral loads and clearance rates (22,23). Indeed, women who had
received 2 or 3 HPV vaccine doses at baseline, but were HPV6/11/16/18-positive, cleared
these infections during the course of HITCH. Second, incident HPV infections may be
rapidly cleared by the immune system in vaccinated women. Third, it is also possible that
these low viral load infections in vaccinated women do not represent true infections, but
HPV DNA deposition from recent sexual activity with male partners (20).

Some evidence for cross-type protection was found. For example, the prevalence and
incidence of HPV types within the a7, a9, and a 10 species not included in the quadrivalent
vaccine were decreased in vaccinated women as compared to unvaccinated women.
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Similarly, the incidence of a7, a9, and a10 HPV types was significantly lower in male
partners of vaccinated women. Previous studies have reported cross-type protection from
HPV vaccines via induction of cross-neutralizing antibodies (24-28). It is conceivable that
this effect on the humoral immune response would ultimately alter the transmission
dynamics of HPV types of the a7, a9, and a10 species not included in the vaccines. As
previously reported by our research group (29), we found no evidence of type replacement in
vaccinated individuals in our cohort.

While women in HITCH who had received two or three vaccine doses before their first visit,
had a lower incidence of a7, a9, and a10 HPV types, those who had received only one
HPV vaccine dose generally did not have a reduced incidence of these HPV types as
compared to unvaccinated women. Most of these women were vaccinated days to weeks
before the first visit; a woman infected before her first vaccine dose may seem to have an
incident infection post-vaccination due to a lag period between the start of HPV invading the
basal cells and HPV detectable in a vaginal swab. This reasoning is confirmed when using a
more conservative definition of HPV incidence: when limiting incidence to =2 negative
measurements followed by >2 positive measurements, as opposed to only one negative
measurement followed by positive measurement(s), women who had received one dose had
a significantly lower incidence of HPV6/11/16/18 infections. An alternative explanation
would be that women who had received only one dose had insufficient protection against
new HPV infections. Although studies report high efficacy of a single dose, vaccine efficacy
may be lower when women are vaccinated at a higher age as in HITCH (30,31). Finally,
misclassification may have occurred due to women misreporting their vaccination status in
the questionnaire, or the analyses may have been underpowered due to the low number of
women with one vaccine dose at baseline (n=12).

Interestingly, we found an effect of vaccination in male partners of vaccinated women. It
seems that the reduced HPV prevalence and incidence in male partners of vaccinated women
is completely caused by the reduced prevalence of HPV infections in the female sex partner:
adjusting for type-specific HPV prevalence in the female partner eliminated the observed
benefit in male partners. As far as we know, this is the first study directly measuring the
effect of female vaccination in heterosexual male partners. While various studies have
reported herd immunity in vaccinated populations (10,32-35), our findings are related to
transmission at the individual level. Men had a median of six lifetime sex partners with
whom genital HPV transmission had been possible. Given the timing of recruitment of
HITCH, it is unlikely that these men had had (all) vaccinated sex partners before their
current HITCH partner. Furthermore, HITCH couples had been in a sexual relationship with
their current partner for less than six months. Despite this short duration and the sexual
history with (probably) unvaccinated women, we already observed an effect in male partners
of vaccinated women. Considering our findings, and since men remain equally prone to
HPV (re)infections later in life, it will be interesting to assess whether our observed
difference translate to a decreased chance for long-term persistent genital infections, and
subsequently, less HPV-related genital diseases and decreased transmission to new sexual
partners. This would corroborate findings of herd immunity in populations (32). Similarly,
future studies will need to evaluate whether vaccination of boys significantly reduces HPV
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prevalence/incidence in their female partners, as this would further encourage gender neutral
vaccination.

Since our cohort was recruited before HPV vaccination was implemented in Canada, most if
not all vaccinated women received their vaccine after becoming sexually active and in their
late teens/early twenties. Vaccine efficacy might be lower in this population, primarily as
they can already be infected before vaccination, and it is generally thought that vaccination
does not affect infection clearance (30,36-38). Conversely, alterations in transmission
dynamics might be more pronounced when evaluating couples whose members were
vaccinated at a young age in established vaccine programs.

General limitations of the HITCH study have been discussed previously, including false-
positive and false-negative HPV measurements, and the risk of contamination due to recent
sexual activity (20,39). Since patients had not been randomized for vaccination, baseline
characteristics were not completely equal between vaccinated and unvaccinated women, and
residual confounding is possible. Since men attended only two study visits according to the
study protocol, we were unable to study the incidence and clearance of persistent infections
in men, which would require at least three visits. Because the time between visits generally
lasted 4-6 months, we conducted interval analyses for time to events, as the timing of an
incident or clearing infection could not be determined with precision. We were unable to
determine whether an HPV infection had been transmitted from the HITCH partner, or from
a concurrent, previous or new sex partner. Importantly, vaccination history was self-reported
and therefore prone to recall bias. Nevertheless, we previously showed that serum antibody
levels strongly correlated to self-reported number of vaccine doses, suggesting that this
reporting was accurate (40). Based on antibody levels, we also previously determined that
only one woman had received the bivalent vaccine against HPV 16 and 18, while all other
women had received the quadrivalent vaccine. The woman who received the bivalent vaccine
did not have HPV6/11 detection during any visit. Also, we only asked women when they
received their last vaccination dose. Therefore, we were unable to determine for some
women whether they had already received a vaccine dose before the first sexual activity with
their HITCH partner. Finally, we did not verify that the self-sampling by the participating
women was as reliable as provider-sampling in HITCH. However, women received detailed
instructions on how to conduct self-sampling from the nurse, and self-sampling of vaginal
samples is generally considered a reliable method and comparable to provider-sampling
(41).

In summary, vaccination affected the prevalence, incidence, persistence, clearance, and viral
loads of HPV6, 11, 16 and 18 in our longitudinal cohort of young, recently formed, sexually
active, heterosexual couples, in which vaccination had generally occurred after an
individual’s first sexual intercourse. The protective effect of vaccination was most evident in
vaccinated women, but to a lesser extent in (unvaccinated) male partners of vaccinated
women too. Considering the short duration of the sexual relationship of HITCH couples at
the time of enrolment, this may indicate rapid herd protective effects. Changes in HPV
transmission dynamics also suggested cross-protective effects against other HPV types of
the a7, a9, and a.10 species.
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ND Not determined

OR Odds ratio
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Persistent clearance of

any infection persistent infection

HPV 6/11/16/18
*_ — * *k
0 1 2/3 0 1 2/3 0 1 2/3
174 2 4 161 2 4 95 1 1

0 1 2/3 0

Other a7/a9/a10 HPV types

322 9 18 297 9 17 160 3 4

0 1 2/3 0
628 16 69 581

Incidence (A-C) and clearance (D-F) of type-specific genital HPV infections in women,
stratified by the number of vaccine doses received at baseline. Top row: incidence (A) and
clearance (D) of HPV types included in the quadrivalent vaccine (HPV6/11/16/18). Middle
row: incidence (B) and clearance (E) of other HPV types within the a7/a9/a.10 species
(HPV31/33/35/39/44/45/52/58/59/67/68/70). Bottom row: incidence (C) and clearance (F)
of non-a7/a9/a10 HPV types (HPV26/34/40/42/51/53/54/56/61 /
62/66/69/71/72/73/81/82/83/84/89). Three definitions of incidence were used: any infection
(black bars): HPV detection after =1 negative visit(s); any incident persistent infection
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(liberal; dark grey bars): HPV detection in =2 consecutive visits after =1 negative
measurement(s); strict definition of an incident persistent infection (light grey bars): =2
consecutive negative measurements followed by >2 consecutive HPV-positive visits.
Similarly, three definitions of clearance were used: any infection (black bars): =1 positive
visit(s) followed by =1 negative measurement(s); persistent clearance of any infection (dark
grey bars): =2 negative measurements at consecutive visits after =1 positive HPV
detection(s); persistent clearance of persistent infections (light grey bars): =2 consecutive
positive measurements followed by =2 consecutive negative visits. P-values were calculated
using a multivariable parametric model for interval-censored survival-time data. We adjusted
for age, race, smoking status, age at first coitus, number of lifetime sex partners (coitus),
whether the individual had same-sex partners and/or concurrent sex partners, condom use,
average frequency of coitus with HITCH partner per week, and duration of the sexual
relationship. All significant p-values are displayed: *, p<0.05; **, p<0.01; ***, p<0.001.
Exact hazard ratio values are reported in supplementary table S4-S5.
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Baseline characteristics of HITCH participants by vaccination status of the women at first visit.

Table 1.

Unvaccinated | Vaccinated
Couples, n 434 63
Women
Age, median (range) 21 (18-26) 20 (18-24)
Born in Canada, n (%) 295 (68.0%) 77 (69.8%)
Born in Quebec, n (%) 178 (60.3%) 26 (59.1%)
Born in Ontario, n (%) 64 (21.7%) 7 (15.9%)

Had vaginal intercourse, %

431 (99.3%)

63 (100.0%)

Age at first coitus, median (range) 17 (11-23) 17 (12-23)
Lifetime sex partners, median (IQR) 6 (3-11) 5 (3-14)
Lifetime vaginal sex partners of opposite sex, median (IQR) 5(2-9) 5 (2-11)
Had same-sex partners, n (%) 68 (15.7%) 6 (9.5%)

Days since first sexual activity with HITCH partner, median (IQR)

124 (83-158)

135 (81-172)

Days since first coitus with HITCH partner, median (IQR)

118 (79-155)

121 (75-149)

Concurrent sex partner during relationship with HITCH partner, n (%) 58 (13.4%)

8 (12.7%)

Number of vaccine doses received

1 dose, n (%)

12 (19.0%)

2 doses, n (%)

16 (25.4%)

3 doses, n (%)

35 (55.6%)

Type of vaccine received

- Bivalent vaccine

1(1.6%)

- Quadrivalent vaccine

62 (98.4%)

Age at vaccination, median (range) - 18 (15-24)
- Vaccinated before first coitus, n (%) - 5 (7.9%)
Male partners
Age, median (range) 22 (17-45) 20 (18-28)
Born in Canada, n (%) 276 (63.6%) 39 (61.9%)
Born in Quebec, n (%) 181 (65.6%) 27 (69.2%)
Born in Ontario, n (%) 52 (18.8%) 5 (12.8%)
Had vaginal intercourse, n (%) 434 (100%) 63 (100%)
Age at first coitus, median (range) 17 (12-26) 17 (13-26)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 May 01.

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Wissing et al.

Unvaccinated | Vaccinated
Lifetime sex partners, median (IQR) 6 (3-13) 6 (3-8)
Lifetime vaginal sex partners of opposite sex, median (IQR) 5(3-11) 4 (3-7)
Had same-sex partners, n (%) 33 (7.6%) 6 (9.5%)

Days since first sexual activity with HITCH partner, median (IQR)

123 (83-158)

135 (81-172)

Days since first coitus with HITCH partner, median (IQR)

118 (79-155)

121 (75-149)

Concurrent sex partner during relationship with HITCH partner, n (%) 49 (11.3%) 7 (11.1%)

Couples

Condom use
- Never, n (%) 51 (11.8%) 13 (20.6%)
- lrregular, n (%) 269 (62.0%) 36 (57.1%)
- Always, n (%) 88 (20.3%) 10 (15.9%)
- Unknown, n (%) 26 (6.0%) 4 (6.3%)
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Table 4.

Incidence and clearance of type-specific HPV infections in men. Incidence was calculated for all men, and for
men whose sexual partner had tested positive for that particular HPV type at baseline (i.e., men “at risk’ for an
incident infection). Data were pooled over HPV types; odds ratios were adjusted for repeated measures within

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

individuals.

Outcome HPV infection Female partner had Female partner Odds ratio
category not received HPV had (95% CI)
vaccine before received HPV p p
HITCH vaccine before Unadjuste . 1
PR Adjusted
1.6% 1.0% 0.68 0.80
Al HPV types (173/11043) (19/1818) (037-1.26) | (0.44-1.47)
a7, a9 & al0 HPV types 1.4% 0.2% 0.17 0.22
(68/4923) (2/818) (0.04-0.75) | (0.05-0.95)
. - HPV 6/11/16/18 1.7% 0.5% 0.29 0.32
Incidence, all men (20/1200) (1/201) (0.04-2.25) | (0.04-253)
- Other a7, a9 & a10 HPV 1.3% 0.2% 0.12 0.17
types (48/3723) (1/617) (0.02-0.92) | (0.02-1.27)
Non-a7, -a9 or -a10 HPV 1.7% 1.7% 1.01 1.23
types (105/6120) (17/1000) (0.54-1.89) | (0.68-2.26)
30.2% 31.3% 1.05 0.39
AllHPV types (38/126) (5/16) (0.27-412) | (0.09-1.80)
a7, a9 & al0 HPV types 25.0% 0.0% 0 ND
(17/68) (0/5)
Incidence, men with type-
speciic v positve || - HPV B/LL16118 3% 00% 0 ND
female partner
- Other a7, a9 & a10 HPV 21.3% 0.0% 0 ND
types (10/47) (0/3)
Non-a7, -a9 or -a10 HPV 36.2% 45.5% 1.57 0.51
types (21/58) (5/11) (0.27-9.00) | (0.06-4.17)
26.2% 25.6% 0.99 0.77
Al HPV types (144/549) (23/90) (0.54-1.80) | (0.39-1.49)
a7,a9 & al0 HPV types 24.9% 26.7% 1.10 0.96
(57/229) (8/30) (0.46-2.60) | (0.34-2.75)
- HPV 6/11/16/18 23.9% 18.2% 0.71 0.39
Clearance, all men (21/88) /1) (0.14-354) | (0.03-454)
- Other a7, a9 & a10 HPV 25.5% 31.6% 1.35 1.42
types (36/141) (6/19) (0.48-3.80) | (0.41-4.94)
Non-a7, -a9 or -a10 HPV 27.2% 25.0% 0.89 0.69
types (87/320) (15/60) (0.45-1.78) | (0.30-1.57)

Adjusted for age, race, smoking status, age at first coitus, number of lifetime sex partners (coitus), whether the individual had same-sex partners
and/or concurrent sex partners at the baseline visit, condom use, average frequency of coitus with HITCH partner per week, and duration of the

sexual relationship.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 May 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Wissing et al.

Type-specific viral loads (copies/cell) in HPV-positive women, stratified by baseline vaccination status.

Table 5.

Unvaccinated women

Vaccinated women

HPV 1
type n Median (IQR) Geometric n | Median (IQR) Geometric P-value
mean (95% CI) mean (95% CI)

0.19 0.19 421 0.08

HPVE | 56 [ (0007-4.13) ©07-051) | 2 | (0.0008:842) | (000-3410% | O77
0.02 0.01

HPVIL [ 7 | 00002-022) | (0.0005-023) | © - - -

0.001

3.00 144 0.006 0.008

HPV1E [ 106 [ (020-15.8) 073288 | 8| (00004-043) | (0.0004-0.16) | ©-001
121 0.60

Hevis | 28 | o oides) o5y |1 0.36 0.36 0.86
0.47 0.34 0.13 0.32

HPV3L [ 46 | (003-10.9) ©10121) | 3| (004640 | (0.0004-2385 | 077
26.3 12.9 2.8 180

HPVAZ | 74 (1 70-179.5) 602278 || (0872611 (248-130.8) | 086 | 093
7.36 381 4.77 3.87

HPVSL [ 73 [ 027.107.4) 1381053 | 2| (016-72.7) 038391 | 081

Page 21

'ZP-vaIues for individual HPV types were calculated using Wilcoxon rank-sum tests. When HPV types were grouped based on whether the type is

included in the quadrivalent vaccine, p-values were calculated using the Friedman test, stratifying by HPV type.
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