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Abbreviations

HPV: human papillomavirus

MSM: men who have sex with men

AIN: Anal intraepithelial neoplasia

ART: anti-retroviral treatment

SEER: Surveillance, Epidemiology, and End Results Program
OR: odds ratios

CI: confidence intervals

IQR: interquartile range
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Brief description
Anal infection with high risk HPV types can lead to anal cancer. In this paper we
describe HPV antibody responses following incident anal infection within a cohort of

teenage men who have sex with men in the very early stages of their sexual careers.

Clinical trial registration
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https://clinicaltrials.gov/ct2/show/NCT01422356?term=HPV &state 1=PA %3 AAU%3
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Abstract

Men who have sex with men (MSM) are at risk for human papillomavirus (HPV)
related anal cancer. Few data exist on antibody responses following incident
anogenital infection with HPV in teenage MSM. A cohort of 200 MSM aged 16-20
years from Melbourne, Australia were assessed at baseline, 3, 6, and 12 months. At
each visit anal and penile swabs were collected for HPV DNA and serum for HPV
antibodies for genotypes 6, 11, 16, and 18 (Merck’s Multiplex Assays using Luminex).
The main outcome, seroconversion, was defined as the detection of HPV antibodies
following a negative antibody result for the same HPV type at baseline. The
seroincidence rates for HPV types 6, 11, 16, and 18 were: 19 (95% CI 12-26), 7 (3-12),
4-(1-8), and 6 (3-11) per 100 person-years respectively. Men who experienced

incident anal HPV infections from types 6/11 were significantly more likely to
develop serum antibodies to the same HPV type(s) than those who experienced
incident anal infections from types 16/18 [73% vs 18%, Odds ratio (OR) = 15, 95%
CI: 2 -118]. The median time between incident anal HPV infection and

seroconversion for HPV 6, 11, 16, and 18 was: 91, 38, 161 and 182 days respectively.
Antibody responses against HPV types 6/11 were significantly more likely to occur
following incident anal compared with incident penile infection with HPV types 6/11
(OR=6, 95% CI: 2-21). The likelihood of antibody responses following anogenital

HPV infections depends on the HPV type and site of infection.
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Text
Introduction
Human papillomavirus (HPV) infection is common among men who have sex with
men (MSM) and a cause of anogenital warts as well as anal cancer.! Anal cancers are
overrepresented among HIV positive MSM.? Anogenital warts are most commonly
caused by HPV types 6 and 11. The majority of anal cancers are caused by HPV types
16 and some anal cancers are caused by HPV types 18. In men the quadrivalent HPV
vaccine is effective at preventing infection with HPV types 6, 11, 16, and 18 and
related anogenital lesions.” With high coverage of the target population HPV

vaccination should help to prevent anal cancer.”

Data suggest that in some populations of MSM the incidence of anal cancer has
increased.” This includes increases in the incidence of anal cancer among HIV
positive MSM despite the greater uptake of anti-retroviral treatment (ART) which has
been associated with a fall in other HIV-associated cancers.®’ Data from the US
National Cancer Institute show that the 5-year survival for patients diagnosed with

. 8
anal cancer to be 65.7% with poorer outcomes for more advanced cancers.

Although only a proportion of anogenital HPV infections elicit a serum antibody
response, antibodies following natural infection with HPV can provide data on
cumulative exposure to HPV. In contrast, cross-sectional studies of genital HPV DNA

provide information about current HPV infection.” ' In women, high titres of
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naturally acquired antibodies to HPV 16 have been shown to be associated with a
reduction in the risk of subsequent infection with HPV 16 suggesting that antibody
mediated immune responses following natural infection may confer some degree of

. . . . 11. 12
protection against repeat infection.

The probability and timing of type specific HPV antibody responses following
incident HPV genital infection of the same type have been compared in prospective
cohorts of women and heterosexual males.'” '* While a number of studies have
examined HPV seroprevalence and seroincidence in MSM,">™!" no previous studies
have determined the rates of HPV antibody responses following incident anogenital
HPYV infection among teenage MSM. Most previous HPV serological surveys of
MSM have been in older MSM who would on the whole have had greater exposure to
HPYV and therefore a higher likelihood of prior immune responses to HPV. These
include HIV positive MSM who would be expected to have been at high sexual risk

and among whom antibody responses may be altered because of immune suppression.

The primary aim of this study was to examine type-specific HPV serum antibody
responses following incident infections of the anus and penis with HPV types 6, 11,
16, and 18 in a cohort of teenage MSM in the HPV in the Young People
Epidemiological Research (HYPER) Study.'® ' The HYPER Study included MSM
with limited sexual experiences and therefore for many their likely first exposure and

immune response to HPV occurred during the study.

John Wiley & Sons, Inc.
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Material and Methods

Men were recruited to the HYPER Study between October 2010 and September 2012
via a number of avenues in Melbourne, Australia including the gay community, clubs,
universities, and sexual health clinics. Eligible participants were men aged 16 and 20
years reporting sex with men of any age. Details of the study methods are described
elsewhere.'® Briefly, men provided informed consent and attended study visits at
baseline, then at 3, 6, and 12 months when specimens were obtained for HPV DNA
testing using separate swabs from each of the following sites: anal canal, perianus,
penis, and an oral rinse. In addition, blood was obtained for HPV serology at each
visit."® Men were screened for HIV at baseline. Men also completed questionnaires at
each visit which included details on sexual behaviours and whether the participant had

been diagnosed with anal or genital warts.

Laboratory methods

HPYV DNA detection and genotyping

Samples were tested at the Regional HPV Labnet Reference Laboratory, Molecular
Microbiology Department, Royal Women’s Hospital, Melbourne. Details of the HPV
DNA testing methods have been published elsewhere.'® Briefly, extracted DNA was
amplified using L1 consensus primers PGMY09/11. Amplification products were
hybridised with a biotin-labelled HPV LI generic probe and captured on

streptavidin-coated plates (Roche Biochemicals). The bound hybrid was detected by

John Wiley & Sons, Inc.
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an anti-digoxigenin peroxidase conjugate by use of the colourimetic substrate ABTS.
Samples that were positive by HPV L1 consensus were further genotyped by HPV
Linear Array genotyping assay (Roche Molecular Systems, Pleasanton, California) for
detection of 37 HPV genotypes (6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51, 52, 53,
54,55, 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, 82v, and

89).

HPYV serology

Serum samples were tested at PPD Vaccines and Biologics Lab, Wayne, Pennsylvania.
Antibodies against HPV types 6, 11, 16, and 18 were measured using Merck’s
multiplexed, type specific competitive Luminex immunoassay as previously
described.” Seropositivity was defined using the following cut offs previously
established based on milli Merck units per mL (mMU/mL): HPV 6 (>20 mMU/mL);

HPV 11 (>16 mMU/mL); HPV 16 (>20 mMU/mL); and HPV 18 (>24 mMU/mL).*'

This study was approved by the Alfred Hospital Research Ethics Committee (174/10)
and the University of Melbourne Ethics Committee (1034462). HYPER was
registered on the Australia New Zealand Clinical Trials Registry
(ACTRN12611000857909) and with the National Institutes of Health

(NCT01422356).

Statistical analyses

John Wiley & Sons, Inc.
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The sample size (n=200) was chosen to provide acceptable upper and lower 95% Cls
around the expected proportion of men with any HPV DNA at each timepoint:
between 2% and 7%. Confidence intervals for proportions were calculated using exact

methods.

Incident HPV infection was defined as the detection of HPV DNA on at least one
follow-up visit following a negative HPV DNA result at baseline from the same site
and the same HPV type. Based on positive results for any HPV DNA at baseline in
which anal (30.8%, 61/198) and perianal (30.6%, 60/196) HPV DNA detection was
almost identical (60 of the anal HPV types were the same as 60 of the perianal types),
we tested anal and perianal DNA as a combined sample and report the results here
combined as anal DNA.'® " Only one case of oral HPV infection from among the
quadrivalent vaccine types was detected at baseline (HPV16) with no incident oral
infections from quadrivalent types during follow-up.'® '* As such, we excluded oral

HPV DNA from further analyses.

Seroprevalence was defined as seropositivity for a particular HPV type at baseline.
Seroprevalence ratios comparing seroprevalence in men with and without DNA of the
same HPV type as found on serology detected at the anus or penis during the study,

and their 95% CIs, were calculated.

Seroconversion, the main outcome of interest, was defined as the detection of HPV

10
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antibodies following incident HPV infection of the same type. Seroincidence was
calculated for each HPV type based on seroconversion expressed in person-years.
Rates of HPV seroconversion following incident HPV infection were calculated for
each specific HPV type, for example, seroconversion with HPV16 specific antibodies

following incident HPV16 DNA detection.

Throughout the paper, “HPV 6/11” refers to HPV 6 and/or 11; “HPV 16/18” refers to
HPV 16 and/or 18. Univariate Cox regression was used to calculate the hazard ratio
(HR) of seroconversion based on the number of recent receptive anal sex partners.
Cox regression clustered on individual participants was used to calculate the hazard
ratio for seroconversion comparing scenarios with incident anal HPV and those
without. Kaplan Meier plots with log-rank tests were used to compare the cumulative
proportion of seroconversions from baseline between men with and without incident
anal HPV infection of the same type. This analysis was separated by low (6/11) and
high (16/18) risk HPV types, excluding men with prevalent or incident penile HPV
DNA and those with prevalent anal HPV DNA of the same type. These exclusions
were made to ensure calculation of the association between seroconversion and
incident HPV infection. Logistic regression accounting for repeat observations from
individual participants was used to calculate odds ratios (OR) and 95% confidence
intervals (CI) for site-specific HPV seroconversion rates for HPV 6/11 versus
HPV16/18. Logistic regression accounting for repeat observations from individual
participants was also used to calculate OR and 95% CI for HPV seroconversion rates

11
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between men with incident anal infection and men with incident penile infection for
HPV 6/11, and then 16/18. The repeat observations were accounted for as each
participant was counted multiple times to categorise them based on site (anus vs penis)
and incident HPV infection (yes vs no). Statistical analyses were conducted using

STATA 13.

Results

Characteristics of study population

The median age of the 200 men was 19 years (IQR 18-20). Median age at first
insertive or receptive anal sex was 17 years. Men had a median of 3 insertive and 3
receptive anal sex partners in their lifetime. From baseline to 12 months, men reported
a median of 2 insertive and 3 receptive anal sex partners with 54% reporting
inconsistent condom use for either insertive or receptive anal sex. At baseline all men
tested negative for HIV. More detailed demographic characteristics and sexual
behaviours are reported elsewhere.'® %2 No men received HPV vaccination before or

during the study period.”

Seroprevalence of HPV at baseline

The type specific seroprevalence rates for HPV 6, 11, 16, and 18 among the 200 men
at baseline are shown in Table 1. Prevalent HPV seropositivity ranged from 3.0% for
HPV 18 to 12.5% for HPV 6. The proportion of men who were seropositive for HPV
types 6/11 was significantly higher than for HPV types 16/18 (16.5% versus 5.5% p

12
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<0.001). Baseline type specific seropositivity was significantly higher among those
who had DNA of the same HPV type detected at any site at any study visit for HPV

types 6 (p<0.001), 11 (p<0.001), and 16 (p=0.001) but not for HPV 18 (p=0.114).

Patterns of HPV seropositivity

Among the 200 men enrolled in the study, 168 (84.0%) completed the study to the 12
month visit. Patterns of HPV seropositivity to types 6, 11, 16, and 18 observed over
the 12 month period of follow up are illustrated in Figure 1. Most men who were
seropositive to one of the HPV types at baseline remained seropositive to that type
through to the 12 month visit: 76.2% (16/21) for HPV 6; 87.5% (7/8) for HPV 11;

100.0% (6/6) for HPV 16; and 83.3% (5/6) for HPV 18.

Seroincidence of HPV
A quarter of men seroconverted to at least one of the four HPV types during 12
months of follow up (Table 2). The seroincidence rates for HPV types 6, 11, 16, and
18 were: 18.8 (95% CI: 12.5-26.5), 6.7 (95% CI: 3.2-11.9), 3.9 (95% CI: 1.4-8.2), and
5.8(95% CI: 2.7-10.7) per 100 person-years respectively. Most men developed
seropostivity to only one of these four types. In addition, six men developed
antibodies to both HPV 6 and 11; two men to both HPV 16 and 18; and one man to all
four HPV types. No association was found between the likelihood of seroconversion
and the number of receptive anal sex partners in the 3 months prior to seroconversion
(=1 vs >1, HR=2.33, 95%CI: 0.90-6.03).

13
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The proportion of incident HPV DNA infections associated with seroconversion to the
same HPV type is shown in Table 3. Men who experienced incident anal HPV
infections from types 6/11 were significantly more likely to develop serum antibodies
to the same HPV type than those who experienced incident anal infections from types
16 and 18 (72.7% vs 18.2%, OR = 12.0, 95% CI: 2.5-58.1). However, the likelihood
of seroconverting did not differ between men who experienced incident penile HPV
infections from types 6/11 and those who experienced incident penile infections from
types 16/18 (42.9% vs 20.0%, OR=3.0, 95%CI: 0.2-53.2). The median time between
incident anal infection and seroconversion for HPV 6, 11, 16 and 18 was: 91 days
(range 0-281), 46 days (range 0-106), 165 days, and 183 days (range 85-259),
respectively. The number of seroconversions following incident penile infections was
too small to allow an estimation of the median time between penile infection and

seroconversion.

Serum antibody responses against HPV types 6/11 were significantly more likely to
occur following incident anal compared with incident penile infection with HPV types
6/11 (OR=5.9, 95% CI: 1.7-21.0) (Table 3). Serum antibody responses against HPV
types 16/18 following incident anal and incident penile infections with HPV types

16/18 were similar (OR=0.99, 95% CI: 0.06-15.92).

Cumulative HPV seroincidence

14
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The cumulative proportion of HPV seroconversions following incident anal HPV
infection are shown in Figure 2. Figure 2A shows the cumulative proportion of
seroconversions to HPV 6/11 stratified by the presence or absence of incident anal
HPV 6/11 DNA infection. Men with prevalent or incident penile HPV 6/11 DNA and
those with prevalent anal HPV 6/11 DNA were excluded from this analysis. Figure 2B
shows the cumulative proportion of seroconversions to HPV 16/18 stratified by the
presence or absence of incident anal HPV 16/18 DNA infection. Men with prevalent
or incident penile HPV 16/18 DNA and those with prevalent anal HPV 16/18 DNA
were excluded from this analysis. For the above comparisons in seroconversion, we
applied sensitivity analyses by including person-time from baseline to incident penile
HPV infection for HPV 6/11 (log-rank test p<0.001) and HPV 16/18 (log-rank test

p<0.001).

Men with incident anal HPV DNA types 6/11 were more likely to develop antibodies
to HPV types 6/11 than men without incident anal HPV DNA 6/11 (hazard ratio (HR)
=22.1,95% CI: 9.7-50.1). Similarly, but to a lesser degree, men with incident anal
HPV DNA types 16/18 were more likely to develop antibodies to types 16/18 than

men without incident anal HPV DNA 16/18 (HR = 8.9, 95% CI: 2.2-35.1).

During follow up, 4 men reported the development of new anal warts, all 4 of whom
seroconverted to HPV 6, with 2 also seroconverting to HPV11. One man reported the
development of new penile warts but did not seroconvert to either HPV 6/11.

15
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Discussion

To our knowledge this is the first study to examine serum antibody responses to HPV
following incident anal infection with HPV in teenage MSM. The results indicate that
the likelihood of antibody responses following anogenital HPV infections among
young MSM depended on the HPV type and site of infection. Seroconversion after
anal HPV infection was more likely following infection with HPV types 6/11
compared with 16/18. Furthermore, antibody responses to HPV 6/11 were more likely
following anal compared with penile infection. Seroconversion occurred at a variable

number of months after anal HPV infection depending on HPV type.

In a study of women aged 18-20 by Carter ef al. serum antibody responses to HPV
types 6, 16, and 18 occurred in 68.8%, 59.5% and 54.1% of women following
incident genital DNA infection with the same HPV type.'® In contrast, a much lower
rate of seroconversion was observed among heterosexual males in a study by
Edelstein et al., where only 7.1% of men developed serum antibody responses to HPV
type 16 after incident genital HPV 16 infection." In that study anal HPV was not
included. In our study, MSM who encountered incident anal HPV infection from low
risk HPV types (6/11) were significantly more likely to develop type specific antibody
responses than those who experienced incident anal infections from high risk HPV

types (16/18) with respective seroconversion rates of 72.7% compared with 18.2%.

16
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In all three studies, serum antibodies following infection at three different anatomical
sites (female genital, male genital, and anal) took several months to develop. Among
women, the median time between incident genital HPV infection and type specific
seroconversion was approximately 12 months with no significant difference between
HPV types 6, 16, and 18. Among heterosexual males, the median time between
incident genital infection a9 HPV (HPV 16, 31, 33, 35, 52, 58 and 67) infection and
type specific seroconversion was 3.9 months. In our study the median time between
incident anal infection and seroconversion was variable: for HPV 6, 11, 16, and 18 it

was 91 days, 46 days, 165 days, and 183 days respectively.

Animal studies suggest that microtrauma to the epithelium with exposure of the
basement membrane and basal cells may be important in the establishment of HPV
infection.”* While the determinants of antibody responses to HPV infection are yet to
be fully elucidated, it has been postulated that the higher rate of seroconversion seen
in women may be attributable to infection of the mucosal epithelium of the female
genital tract, in contrast to the keratinized stratified squamous epithelium lining the
penis, with greater likelihood of microtrauma in the former. In contrast to the studies
by Carter and Edelstein, HPV infections among MSM in this study were
predominantly anal. In theory, the relatively high rate of seroconversion seen with
HPV types 6 and 11 in this study could reflect microtrauma to the anorectal
epithelium via receptive anal sex. Transmission of HPV from the penis to the anus
appears to be easier than transmission from the anus to the penis which is consistent

17
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with this theory."” Our finding that seroconversion to HPV types 6/11 is more likely
following anal compared with penile infection is also consistent with this. Why lower
seroconversion rates were seen following anal infection with HPV types 16 and 18

warrants further research.

A strength of this study is that males were teenagers relatively early in their sexual
experiences meaning that for many these were their first sexual exposures and
immune responses to HPV. Another strength is that samples were collected reasonably
frequently over 12 months, at baseline, 3, 6 and 12 months.'® In contrast, previous
HPV serological surveys of MSM have included older, more sexually experienced
men where the great majority of men are found to have prevalent anal HPV
infection.'>!7- 226 Mooij et al., reported data on HPV seroconversion following
incident HPV DNA infection in MSM ?’. That study included much older MSM
(median age: 38 years for HIV-negative MSM, 47 for HIV-positive MSM) where 38%
were HIV-infected. In that study serum samples were collected at baseline and 12

months only.

There are limitations to this study. First, anogenital infection with HPV was defined
on.the basis of DNA detection at a single time point. It is possible some of these led to
detection of inconsequential surface DNA rather than established productive viral
infections.”® However, the high rate of seroconversion with low risk HPV types would
suggest most were true infections. There were too few HPV infections defined by

18
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repeat DNA positivity at two or more time points to compare seroconversion rates
between infections defined by persistent HPV DNA of the same type versus cases
which might ostensibly represent transient DNA detection. Second, serological follow
up was limited to 9 months from incident anogenital infection. It is uncertain whether
further seroconversions would have been detected had follow up had been longer. If
this was the case, the median time to seroconversion would be longer than our

estimation.

In this group of teenage MSM, overall seroincidence rates to HPV types 6, 11, 16 and
18 was high with a quarter of males developing antibodies to at least one of these
HPV types over 12 months of follow up. Overall, this was a sexually active group of
men with a high incidence of anogenital HPV infection as detailed elsewhere.'® 1% 22

Seroincidence could differ in other populations of young MSM depending on the

extent of anal sex and partner change.

Our study adds to existing literature on HPV antibody responses following exposure
to genital HPV by providing data on HPV serological response rates following
acquisition of anal HPV, the major site of HPV infection among MSM and the cause
of anal cancer. Future research should be directed at determining whether serum
antibodies that develop following natural HPV infection of the anus protect against
reinfection with the same HPV type in MSM.? If antibodies following anal HPV
infection are not protective against repeat anal HPV infections then this would make

19
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the case for HPV vaccination of already sexually active MSM to prevent anal cancer

more compelling.

20
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Table 1. Seroprevalence of HPV quadrivalent vaccine types among teenage men

who have sex with men at baseline

Seroprevalence
ratio: anal DNA'

(95% CI)

Seroprevalence
ratio: penile DNA*

(95% CI)

Seroprevalence
ratio: anal or
penile DNA*

95% CI)

8.27 (3.44-19.86)
13.10 (3.62-47.43)
13.18 (2.56-67.76)
3.87 (0.76-19.72)
5.90 (2.66-13.07)
3.08 (1.01-9.51)
2.90 (1.52-5.55)

2.01 (0.55-7.40)
0

3.44 (0.45-26.47)
0

0.51 (0.07-3.51)
2.55 (0.63-10.34)
0.69 (0.23-2.09)

6.33 (2.77-14.48)
11.59 (3.18-42.19)
10.21 (1.96-53.10)
3.52 (0.69-18.07)
4.63 (2.18-9.85)
2.46 (0.79-7.67)
2.41(1.29-4.53)

Overall

HPYV type seroprevalence

% (n/N, 95% CI)
6 12.5 (25/200, 8.3-17.9)
11 7.0 (14/200, 3.9-11.5)
16 3.5(7/200, 1.4-7.1)
18 3.0 (6/200, 1.1-6.4)
6/11 16.5 (33/200, 11.6-22.4)
16/18 5.5(11/200, 2.8-9.6)
6/11/16/18 19.5(39/200, 14.2-25.7)

Notes:

T Seroprevalence ratio comparing seroprevalence between men with and without DNA of the same

HPV type as found on serology detected at the anus at least once during the study.

1 Seroprevalence ratio comparing seroprevalence between men with and without DNA of the same

HPV type as found on serology detected at the penis at least once during the study.

§  Seroprevalence ratio comparing seroprevalence between men with and without DNA of the same

HPV type as found on serology detected at either the anus or the penis at least once during the study.
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Table 2. Seroconversion to HPV among teenage men who have sex with men

Seroincidence
No. men who Person-years
HPYV type 95% CI)
seroconverted at risk +
per 100 PY
6 25 133 18.8 (12.5-26.5)
11 10 150 6.7 (3.2-11.9)
16 155 3.9 (1.4-8.2)
18 155 5.8(2.7-10.7)
6/11° 29 148 19.6 (13.5-26.9)
16/18" 13 157 8.3 (4.5-13.7)
6/11/16/18" 37 150 24.7 (18.0-32.4)

Notes:

6 men seroconverted to both HPV 6 and 11; 2 men seroconverted to both HPV 16 and 18; and 1 man

seroconverted to all four types. No. = number.

* One would stop contributing person time once detected with antibodies to one of these types of HPV.

All men were not vaccinated against HPV before the study and during the study period.

t_PY: person-years
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Table 3. Proportion of incident anal and penile HPV DNA infections associated

with HPV seroconversion to the same HPV type by 12 months

Anal DNA positive cases

No. No.
% (95% CI) Odds ratio
incident DNA seroconversion

. . seroconverted 95% CI)

infections cases
HPV6 15 11 73.3 (44.9-92.2)
HPV11 7 5 71.4 (29.0-96.3)
HPV16 8 1 12.5 (0.3-52.7)
HPV18 14 3 21.4 (4.7-50.8)
6/11 22 16 72.7 (50.0-89.3) .

12.0 (2.5-58.1)
16/18 22 4 18.2 (5.2-40.3)
Penile DNA positive cases
No. No.
%
Incident DNA seroconversion

. . seroconverted

infections cases
HPV6 4 2 50.0 (6.8-93.2)
HPV11 3 1 33.3 (0.8-90.6)
HPV16 4 1 25.0 (0.6-80.6)
HPV18 1 0 0.0 (0.0-97.5)
6/11 7 3 42.9(9.9-81.6) .

3.0 (0.2-53.2)
16/18 5 1 20.0 (0.5-71.6)
Notes:

" We used logistic regression accounting for repeated measures from individual participants to compare
the odds ratio of HPV seroconversion between HPV 6/11 and HPV16/18 (reference category).
A number of men with incident anal HPV infection also had incident penile HPV: 3/15 for type 6; 1/7

for type 11; 1/8 for type 16; and 1/14 for type 18.
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Figure legends

Figure 1. Patterns of HPV seropositivity among teenage men who have sex with men observed
over 12 months

Ab: antibody. No Ab: no antibody detected at any visit. Black brackets refer to positive type-specific
HPV serology. White brackets refer to negative type-specific HPV serology. Men who were
seropositive but who had missing serum during follow up were excluded from the table: 4
seroprevalent and 1 seroincident for HPV6 Ab; 6 seroprevalent and 1 seroincident for HPV11 Ab; 1

seroprevalent and 1 seroincident for HPV16 Ab; and 1 seroincident for HPV18 Ab.

Figure 2. The cumulative proportion of HPV seroconversions stratified by the presence or
absence of incident anal HPV DNA of the same type

Figure 2A: The cumulative proportion of seroconversions to HPV 6/11 among men who experienced or
did not experience incident anal HPV 6/11 DNA infection. Men with prevalent or incident penile HPV
6/11 DNA and those with prevalent anal HPV 6/11 were excluded. Follow up period was from
incident infection to seroconversion for either HPV 6/11. “HPV6/11-” refers to men with neither

incident anal HPV6 nor 11. “HPV6/11+” refers to men with either incident anal HPV6 or 11.

Figure 2B: The cumulative proportion of seroconversions to HPV 16/18 among men who experienced
or did not experience incident anal HPV 16/18 DNA infection. Men with prevalent or incident penile
HPV 16/18 DNA and those with prevalent anal HPV 16/18 were excluded. Follow up period was from
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incident infection to seroconversion for either HPV 16/18. “HPV16/18-" refers to men with neither

incident anal HPV16 nor 18. “HPV16/18+” refers to men with either incident anal HPV16 or 18.

31

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.



International Journal of Cancer Page 32 of 34

Accepted Article

32

John Wiley & Sons, Inc.
This article is protected by copyright. All rights reserved.



Page 33 of 34 International Journal of Cancer

©CoO~NOUTA,WNPE

10
11
12

13
HRYV type Baseline Month 3 Month 6 Month 12 No.

15 I
16 ]
17 I
o ] I
19

o - 1
21

% . ]

23 Incident Ab __
24 I

25 I

26

27 \ No Ab 118
28

29 I N S
Prevalent Ab _

k(9

o N N WA

B |

30 (
31

32 e
33 ] ]
3

M < Incidentan 1
36 ]

a7 I

38
39 \ No Ab 146
40
41 - Prevalent Ab
42

43
44
4?6 < Incident Ab
46
47
48
49 \ No Ab 152
50

51

52 ( Prevalent Ab
53
54
55
21?8 < Incident Ab
58
59
60

Ll

— e A = DN

[ ST

p—

NNl

\ No Ab 149

John Wiley & Sons, Inc.

This article is protected by copyright. All rights reserved.



International Journal of Cancer

1.00
1

0.75
1

Cumulative % HPV 6/11 seroconversion

OO PRARWNRPFPOOONOODURARWNPOOO~NOOURARWNRPOOONOOPRARWNPEPOOONOODUAWNEO

o
© 2A
o
Ye)
(\l' -
o
log-rank test p<0.001
3 | . ! 1
d T T T T T
0 100 200 300 400
Days of follow up
?\lumber at risk
81PV6/11- 104 100 100 99 0
$PV6/11+ 13 13 10 8 0
0 1 MSM without incident anal HPV 6/11 DNA
2 MSM with incident anal HPV GJUFPNWiIey & Sons, Inc.

This article is protected by copyright. All rights reserved.

Cumulative % HPV 16/18 seroconversion

0.00

1

0.50 0.75 1.00
L L L

0.25

1

Page 34 of 34

Number at risk

HPV16/18-
HPV16/18+

2B
log-rank test p<0.001
P m——
T T T T
0 100 200 300
Days of follow up

108 105 104 103

13 13 12 12

1 MSM without incident anal HPV 16
2 MSM with incident anal HPV 16/18




