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ARTICLE INFO ABSTRACT

Keywords: Background: Clearance of human papillomavirus (HPV) among adolescent men who have sex with men (MSM) is
Human papillomavirus (HPV) not well studied. This study aimed to evaluate the clearance of HPV DNA and antibodies among adolescent MSM.
Natural history Methods: In our cohort study, we enrolled adolescent MSM in Melbourne between October 2010 and September
Clearance 2013. At baseline, 3, 6, and 12 months, anal and penile swabs for HPV DNA and serum for HPV antibodies

Immune response

Men who have sex with men against genotypes 6, 11, 16, and 18, were collected. Definite clearance was defined as HPV DNA (same site)

/antibodies for the same genotype undetected following a positive HPV DNA /antibodies test at baseline or
month 3. Possible clearance was defined as HPV DNA (same site) /antibodies for the same genotype undetected
at month 12 following a positive HPV DNA/antibodies test at month 6. Overall clearance was defined as either
definite or possible clearance. The agreement between HPV DNA clearance and antibodies clearance was
calculated.

Results: A total of 183 MSM were included (median age: 19 years, interquartile [IQR]: 18 to 20). At the anus,
overall clearance rate was 21.6 (95 % confidence interval[CI]: 7.9 to 47.0), 44.8 (19.3 to 88.3), 51.9 (20.9 to
106.9) and 33.7 (7.0 to 98.5) per 1000 person months (PM) for HPV 6, 11, 16 and 18. At the penis, overall
clearance rate was 64.5 (13.3 to 188.5), 71.3 (14.7 to 208.2), 96.5 (31.3 to 225.3) and 333.3 (8.4 to 1857.2) per
1000 PM for HPV 6, 11, 16 and 18. For antibodies, overall clearance rate was 22.2 (9.6 to 43.7), 18.8 (3.9 to
55.0), 10.8 (0.3 to 60.1) and 19.0 (2.3 to 68.8) per 1000 PM. Agreement between anal/penile HPV DNA
clearance and antibodies clearance was low: kappa = -0.18 (95 % CI: —0.28 to 0.08)/-0.13 (—0.24 to —0.02),
0.04 (—0.29 to 0.36)/0.22 (—0.32 to 0.76), —0.10 (—0.27 to 0.08)/-0.14 (—0.37 to 0.10) and —0.14 (—0.28 to
0.01)/-0.14 (—0.33 to 0.06) for HPV 6, 11, 16 and 18, respectively.

Conclusion: Clearance rates of HPV DNA were low and varied by genotypes and anatomical sites among
adolescent MSM. Antibodies against HPV were stable during the study period.

Introduction anogenital warts and HPV-related cancers [1]. HPV 16 and 18 cause
approximately 90 % of anal cancers, and HPV 6 and 11 account for about
Human papillomavirus (HPV) infection is the etiological factor for 90 % of anogenital warts[2,3]. Men who have sex with men (MSM) have
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high burdens of HPV infection, including HPV-related anal cancer[4-6].
A meta-analysis estimated the incidence rate of anal cancer to be 19 and
85 per 100 000 person years among HIV-uninfected and HIV-infected
MSM|[7], in comparison to only 1-2 per 100 000 person years in the
general population[8]. The approaches for anal cancer prevention
include programs for screening, diagnosis, and treatment, and follow-up
of anal high-grade squamous intraepithelial lesions and external ano-
genital lesions, as well as HPV vaccination[9]. However, limited health
resources and the lack of evidence-based screening guidelines largely
hampered anal cancer preventional efforts targeting MSM.

Understanding the natural history parameters, namely the incidence,
persistence, and clearance of HPV in MSM is vital to the development of
anal cancer prevention strategies. Although HPV infection is common
among MSM, most infections are cleared by the host without clinical
symptoms, and only a small fraction of infections eventually develops
into cancer[10]. During the clearing process, pro-inflammatory cyto-
kines are released, and the signals for Langerhans cell and dendritic cell
are activated and recruited[11]. Failure to develop effective host im-
mune response may lead to persistent infection and increased proba-
bility of progression towards invasive cancer[12]. The understanding of
the characteristics of type-specific HPV clearance after incident HPV
infection is essential to determining screening strategies.

Previous studies on HPV natural history mostly focused on HPV
DNA, which may only represent transient deposition[13-15]. Type-
specific HPV antibodies are mostly the marker of previous exposure
[16]. Studies in the pre-vaccine era examined the production, duration,
and immunogenicity of HPV antibodies following natural infection
[17-19]. Those studies found the presence and duration of antibodies
against HPV were affected by many factors, including HPV genotypes,
anatomical sites, and study populations [17,20-22]. As HPV infection
may not always result in seroconversion, HPV exposure may be under-
estimated when only antibodies are observed. Thereby, combining HPV
DNA and serum results may provide a clearer picture of HPV exposure
[22,23].

When depicting HPV exposure, clearance of prevalent and incident
infections was often mixed. Cross-sectional detection of HPV DNA may
represent both recent (prone to clear) and existing (higher oncogenic
potential) infections. Although a number of studies[13,14,24] reported
on HPV clearance, participants included in those studies were mostly
MSM who were more sexually experienced and had higher probability of
repeated HPV exposures. As a result, incidence defined in those studies
may be the reactivation of latent HPV infection rather than incident
infection. The clearance of HPV among younger MSM who are less
sexually experienced has not been well documented. We evaluated the
clearance of type-specific anal/penile HPV DNA and HPV antibodies and
their correlations among a cohort of adolescent MSM.

Materials and methods
Study population and design

The study population and design details were published elsewhere
[22,23,25]. Briefly, men were recruited to participate in the Human
Papillomavirus in Young People Epidemiological Research (HYPER)
study between October 2010 and September 2012 through multiple
sources oriented toward adolescent gay and bisexual men in Melbourne,
Australia. Men aged 16-20 years were eligible for the HYPER study if
they self-identified as being attracted to males, were HIV-negative, and
had not received any doses of HPV vaccine. Participants did not need to
have had sex with a male previously. Recruitment and all study pro-
cedures were conducted at the Melbourne Sexual Health Centre. Written
informed consent was obtained from each participant before the study
procedures commenced. Then, at baseline, 3, 6, and 12 months, speci-
mens were obtained for HPV DNA testing using separate swabs from the
anal canal and the penis. In addition, blood was obtained for HPV serum
at each visit. Participants also completed a questionnaire at each visit
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which included details on sexual behaviors. After completing the study,
participants were offered the 3-dose HPV vaccine (Gardasil, Merck, NJ)
for free. As reimbursement, participants received AUD $15, $15, $20,
and $50 for the first, second, third, and fourth visit, respectively.

Specimen collection

Participants were required to attend the Melbourne Sexual Health
Centre at each visit. A research nurse collected an anal canal swab. After
watching a demonstration video that recorded how to self-collect a
penile sample, all participants conducted a self-collected swabbing of
the penis. The anal and penile swab collecting techniques are published
in detail elsewhere[22,23,25]. Blood for HPV serum was collected in 10
mL serum collection tubes (Greiner Bio-One International AG) and
centrifuged at 4800 x g for 10 min to separate cells from serum. Serum
samples were aliquoted and stored at —80 °C until testing.

HPV DNA detection

HPV DNA testing methods are published elsewhere[22,23,25]. The
swabs were tested in the local HPV Labnet Reference Laboratory, Mo-
lecular Microbiology Department, Melbourne’s Royal Women’s Hospi-
tal. In brief, the extracted DNA was amplified with the L1 consensus
primer PGMY09/11. The amplified product was hybridized with a
biotin-labeled HPV L1 universal probe and captured on a streptavidin-
coated plate (Roche Diagnostics, Mannheim, Germany). The bound
hybrids were detected by the anti-digoxigenin peroxidase conjugate
using the chromogenic substrate 3-ethylbenzothiazoline-6-sulphonic
acid (ABTS). The samples with positive HPV L1 PCR shared primers
were further genotyped by the HPV linear array genotyping assay
(Roche Molecular Systems, Pleasanton, CA, USA). A total 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) were detected by HPV linear array genotyping assay. DNA
samples that were negative for both p-globin and HPV were considered
unqualified samples, and these samples were excluded from the analysis.
This study included HPV genotypes 6, 11, 16, and 18 in analysis.

Serum detection

Details of serum detection methods were published elsewhere[19].
Serum samples were tested at PPD Vaccines and Biologics Lab. Anti-
bodies against HPV genotypes 6, 11, 16, and 18 were measured using a
Luminex competitive immunoassay[19]. Seropositivity was established
based on milli Merck units per mL (mMU/mL). The cut-off value for HPV
genotypes 6, 11, 16, and 18 seropositivity was 20 mMU/mL, 16mMU/
mL, 20 mMU/mL, and 24 mMU/mL respectively[26].

Statistical analyses

The sample size was based on the original study aim, which was to
determine the prevalence of HPV at the baseline visit. The sample of 200
provided upper and lower 95 % confidence intervals (CIs) of between 2
% and 7 % around the expected proportion of men with any HPV DNA at
baseline. Definite clearance of HPV DNA was defined as the same HPV
type undetected from the same site following a positive HPV test at
baseline or month 3. Possible clearance of HPV DNA was defined as the
same HPV type undetected from the same site at month 12 following a
positive HPV test at month 6. Definite clearance of HPV antibodies was
defined as antibodies for the same HPV type undetected following a
positive HPV test at baseline or month 3. Possible clearance of HPV
antibodies was defined as antibodies for the same HPV type undetected
from the same site at month 12 following a positive HPV test at month 6.
Fig. 1 details specific scenarios for the clearance of HPV DNA and an-
tibodies[23]. Only one clearance within one individual was allowed for
a specific type of HPV DNA at a given anatomical site or a specific type of
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Definite clearance

Possible clearance

HPV DNA positive
HPV DNA negative

Possible clearance
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Baseline Month3 Month6 Month12

Definite clearance <|: - -

I HPV antibodies positive
HPV antibodies negative

Fig. 1. Definition of definite and possible clearance of anal and penile HPV 6, 11, 16, and 18 DNA and antibodies. Notes: HPV: human papillomavirus; Definite
clearance of HPV DNA was defined as the same HPV type undetected from the same site following a positive HPV test at baseline or month 3. Possible clearance of
HPV DNA was defined as the same HPV type undetected from the same site at month 12 following a positive HPV test at month 6. Definite clearance of HPV an-
tibodies was defined as antibodies for the same HPV type undetected following a positive HPV test at baseline or month 3. Possible clearance of HPV antibodies was
defined as antibodies for the same HPV type undetected from the same site at month 12 following a positive HPV test at month 6.

HPV antibodies. We considered each DNA or antibodies clearance as an
independent event. We calculated the clearance rate of a specific type of
HPV DNA at a given anatomical site or a specific type of HPV antibodies
based on the number of clearance events divided by person months at
risk. Corresponding 95 % confidence intervals (CI) were calculated
presuming a Poisson distribution. The clearance of the HPV DNA and
antibodies was evaluated by the Kaplan-Meier survival curves.

Logistic regression models were fitted to the data to identify corre-
lates of HPV clearance among men who were tested positive for either
anal or penile HPV DNA or antibodies at one or more occasions at month
0, 3 or 6. The clearance group included men who had definite or possible
clearance of either anal or penile HPV DNA, or definite or possible
clearance of HPV antibodies. The remaining were group into no clear-
ance. Age at recruitment, educational level, number of male sex partner
in lifetime, ever had sex with female, ever had chemical sex were
included in the final multiple logistic regression model. We assessed the
concordance between anal/penile HPV DNA clearance and HPV anti-
bodies clearance for a given HPV genotype, using kappa scores. We
performed all analyses in R 4.0.4 (R Foundation for Statistical
Computing, Vienna, Austria; appendix).

Ethics statement

This study was approved by the Alfred Hospital Research Ethics
Committee (576/22). Written informed consent was obtained from each
participant.

Results
Characteristics of the study population

The details of the participants’ demographic characteristics and
sexual practices were described elsewhere[27]. In summary, 200 MSM
were recruited between October 2010 and September 2012. We
included 183 MSM who consented for their data to be used in future
research. The median age of participants was 19 years (IQR: 18 to 20),
and 74.9 % (137/183) of men were in their final year of secondary
school at the time of recruitment. The median age at first insertive or
receptive anal sex was 17 years. At baseline, 183 participants provided
an anal swab, a penile swab, and blood sample. At 3 months, 171 men
provided an anal swab, a penile swab, and a blood sample. At 6 months,
167 men provided an anal swab, a penile swab, and blood sample. At 12
months, 159, 159, and 158 men provided an anal swab, a penile swab,
and blood sample.

At baseline, 21, 17, 9, and 4 males were tested positive for HPV

genotypes 6, 11, 16, and 18, respectively, at the anus. At baseline, 3, 4,
3, and 1 males were tested positive for HPV genotypes 6, 11, 16, and 18,
respectively, at the penis. At baseline, 23, 12, 6, and 6 males were tested
positive for antibodies of HPV 6, 11, 16, and 18.

Site-specific HPV DNA and antibodies clearance

The definite, possible and overall clearance of HPV 6, 11, 16, and 18
DNA and antibodies among participants are shown in Table 1. Men who
had assessable samples had a total follow-up time of 1924 person
months, 1930 person months, and 1992 person months for anal HPV
DNA, penile HPV DNA, and HPV antibodies, respectively. Of the men
who had assessable samples, for HPV 6, there were 28, 5, and 36 par-
ticipants at risk of anal HPV DNA clearance, penile HPV DNA clearance,
and antibodies clearance. For HPV 11, these figures were 22, 5, and 19.
For HPV 16, these figures were 15, 6, and 9. For HPV 18, these figures
were 12, 1, and 10.

At the anus, overall clearance rate was 21.6 (95 % CI: 7.9 to 47.0),
44.8 (19.3t0 88.3), 51.9 (20.9 to 106.9) and 33.7 (7.0 to 98.5) per 1000
person months for HPV 6, 11, 16 and 18. At the penis, overall clearance
rate was 64.5 (13.3 to 188.5), 71.3 (14.7 to 208.2), 96.5 (31.3 to 225.3)
and 333.3 (8.4 to 1857.2) per 1000 person months for HPV 6, 11, 16 and
18. For antibodies, overall clearance rate was 22.2 (9.6 to 43.7), 18.8
(3.9 to 55.0), 10.8 (0.3 to 60.1) and 19.0 (2.3 to 68.8) per 1000 person
months. The overall clearance rates of HPV 6 at the anus and penis were
lower than those of HPV 11, 16 and 18. The overall clearance rates of
HPV 6, 11, 16 and 18 at the penis were higher than those at the anus. For
a given genotype, the overall clearance rate of antibodies was lower than
that of DNA. For HPV DNA at the anus, the definite clearance rates of
HPV 6, 11, 16 and 18 ranged from 11.2 (0.3 to 62.6) to 28.0 (9.1 to 65.4)
person months. For HPV DNA at the penis, the definite clearance rates of
HPV 6, 11, 16 and 18 ranged from 19.3 (0.5 to 107.6) to 333.3 (8.4 to
1857.2) person months. Definite clearance of HPV 16 or 18 antibodies
was not detected.

Figure S1 provides Kaplan-Meier curves illustrating the proportion of
men who cleared anal and penile HPV 6, 11, 16, and 18 DNA, and an-
tibodies during the follow-up period. As seen in the figure, there was no
significant difference between clearance of the specific HPV genotypes
DNA at the anus and penis as well as antibodies for HPV 11, 16 and 18.
However, when comparing clearance of HPV 6 DNA at the anus and
penis as well as antibodies, the Kaplan-Meier curves was significantly
different among three groups (log-rank P=0.020). The Kaplan-Meier
curve of HPV 6 antibodies clearance was significantly different with
that of HPV 6 DNA at the anus (log-rank P=0.008) but not significantly
different with that of HPV 6 DNA at the penis (log-rank P=0.447).
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Table 1
Definite and possible clearance of HPV 6, 11, 16, and 18 DNA and antibodies among adolescent MSM.
HPV Type No. No. No. No. PM to PM to PM to PM at Definite Possible Overall
at Definite Possible Overall Definite Possible Overall risk Clearance Clearance Clearance
risk Clearance Clearance  Clearance Clearance Clearance Clearance /1000 PM /1000 PM /1000 PM
(median) (median) (median) (95 %CI) (95 %CI) (95 %CI)
HPV6 Anal DNA 28 6 0 6 3.2 /* 3.2 277.9 21.6 (7.9 /* 21.6 (7.9
to 47.0) to 47.0)
Penile 5 2 1 3 3.1 5.8 3.4 46.5 43.0 (5.2 21.5 (0.5 64.5 (13.3
DNA to 155.4) to 119.8) to 188.5)
Antibodies 36 3 5 8 9.3 119 9.3 360.7 8.3 (1.7 to 13.9 (4.5 22.2 (9.6
24.3) to 32.3) to 43.7)
HPV11 Anal DNA 22 5 3 8 2.9 5.7 3.6 178.5 28.0 (9.1 16.8 (3.5 44.8 (19.3
to 65.4) to 49.1) to 88.3)
Penile 5 2 1 3 3.3 5.6 3.4 42.1 47.5 (5.8 23.8 (0.6 71.3 (14.7
DNA to 171.6) to 132.3) to 208.2)
Antibodies 19 1 2 3 12.3 4.3 5.6 159.3 6.3 (0.2 to 12.6 (1.5 18.8 (3.9
35.0) to 45.4) to 55.0)
HPV16 Anal DNA 15 3 4 7 3.2 6.2 6.0 134.9 22.2 (4.6 29.7 (8.1 51.9 (20.9
to 65.0) to 75.9) to 106.9)
Penile 6 1 4 5 2.7 6.6 5.6 51.8 19.3 (0.5 77.2 (21.0 96.5 (31.3
DNA to 107.6) to 197.7) to 225.3)
Antibodies 9 0 1 1 /* 5.1 5.1 92.7 /* 10.8 (0.3 10.8 (0.3
to 60.1) to 60.1)
HPV18 Anal DNA 12 1 2 3 3.7 6.0 5.5 89 11.2 (0.3 22.5 (2.7 33.7 (7.0
to 62.6) to 81.2) to 98.5)
Penile 1 1 0 1 3.0 /* 3.0 3.0 333.3(8.4 /* 333.3(8.4
DNA to 1857.2) to 1857.2)
Antibodies 10 0 2 2 /* 7.6 7.6 105.0 /* 19.0 (2.3 19.0 (2.3
to 68.8) to 68.8)
Notes:

HPV: human papillomavirus; PM: person month; Definite clearance of HPV DNA was defined as the same HPV type undetected from the same site following a positive
HPV test at baseline or month 3. Possible clearance of HPV DNA was defined as the same HPV type undetected from the same site at month 12 following a positive HPV
test at month 6. Definite clearance of HPV antibodies was defined as antibodies for the same HPV type undetected following a positive HPV test at baseline or month 3.
Possible clearance of HPV antibodies was defined as antibodies for the same HPV type undetected from the same site at month 12 following a positive HPV test at
month 6.
Only individuals who had at least one positive result for DNA or antibodies at the baseline, 3 months, or 6 months contributed to the time at risk.
We calculated the clearance rate of a specific type of HPV DNA at a given anatomical site or a specific type of HPV antibodies based on the number of clearance events
divided by PM at risk.

" Among men at risk of clearance, nobody had possible clearance for anal HPV 6 DNA and penile HPV 18 DNA during the follow-up. Among men at risk of clearance,
nobody had definite clearance for HPV 16 antibodies and HPV 18 antibodies. Thus, the PM to clearance and clearance rate could not be calculated.

# We did not calculate IQR (Inter-Quartile Range) because the number of clearance events was less than four in most cases.

Furthermore, there was no significant difference between clearance of

the HPV 6 DNA at anus and at penis (log-rank P=0.447). Table 2

Type-specific concordance between HPV DNA clearance and antibodies clear-
ance among adolescent MSM.

Correlates of HPV clearance

Antibodies Antibodies did Kappa (95 %
cleared not clear Ccn
Table S1 Presents the distribution of demographic characteristics and MV Amal  Cleared 0 0.0%) 6 (13.6 %) 018
sexual behaviors among adolescent MSM who occurred clearance, and 6 Did not 8 (18.2 %) 30 (68.2 %) (~0.28 to
did not clear for any genotype of HPV DNA at the anus/penis or anti- clear 0.08)
bodies during 12 months. The only significant determinant for not clear Penile  Cleared 0 (0.0 %) 3(7.7 %) -0.13
any genotype of HPV DNA at the anus/penis or antibodies during 12 Dl‘d not  8(20.5%) 28 (71.8 %) (*00(')22‘; to
. . . . clear —0.
months in multivariable analyses, was ever had sex with female HPV  Anal Cleared 134 %) 7 24.1 %) 0.04 (~0.29
(adjusted odd ratio [aOR] = 3.23 95 % CI: 1.11 to 9.44). 11 Did not 2 (6.9 %) 19 (65.5 %) t0 0.36)
clear
L Penile  Cleared 1(4.8%) 2 (9.5 %) 0.22 (-0.32
Concordance between HPV DNA and antibodies clearance Did not 2(9.5 %) 16 (76.2 %) t0 0.76)
clear
The concordance between type-specific HPV DNA and antibodies HPV  Anal Cleared 0 (0.0 %) 7 (35.0 %) -0.10
clearance is shown in Table 2. The agreement between anal/penile HPV 16 Dlld not  1(5.0%) 12 (60.0 %) (()‘0(;)27 to
. . clear .
DNA clearance and antibodies clearance was —0.18 (95 % CI: —0.28 to Penile  Cleared 0.0.0 %) 5(35.7 %) 014
0.08)/-0.13 (—0.24 to —0.02), 0.04 (—0.29 to 0.36)/0.22 (—0.32 to Did not 1(7.1 %) 8 (57.1 %) (~0.37 to
0.76), —0.10 (—0.27 to 0.08)/-0.14 (—0.37 to 0.10) and —0.14 (—0.28 to clear 0.10)
0.01)/-0.14 (—0.33 to 0.06) for HPV 6, 11, 16 and 18, respectively. HPV  Anal Cleared 0 (0.0 %) 3(15.8 %) -0.14
18 Did not 2 (10.5 %) 14 (73.7 %) (-0.28 to
. . clear 0.01)
Discussion Penile  Cleared 0 (0.0 %) 1(9.1%) -0.14
Did not 2 (18.2 %) 8 (72.7 %) (-0.33 to
Low clearance rates of HPV DNA at the anus and penis as well as clear 0.06)

antibodies among adolescent men recently engaged in sexual activity
were observed in this cohort study. We found that the clearance rates of
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HPV DNA varied by different HPV genotypes and anatomical sites of
infection. The clearance rates of HPV 6 DNA at the anus and penis were
lower than those of HPV 11, 16 and 18. The clearance rates of HPV DNA
at the anus were lower than that at the penis for HPV 6, 11, and 18. For a
given HPV genotype, the clearance rates of HPV DNA at the anus and
penis were higher than that of HPV antibodies. However, the difference
of clearance rates between different HPV genotypes and sites of infection
did not reach a statistical significance.

Although some studies have examined the clearance of anal HPV
DNA among MSM|[14,28-33], these studies were conducted among
diverse study populations, using different duration and follow-up in-
tervals and varying in definition of clearance[34]. Thus, it is difficult to
compare clearance rates between studies. Nonetheless, the clearance
rates for anal HPV 6, 11, 16, and 18 DNA in our study were lower than
those reported by other studies[33-37]. An international pooled anal-
ysis by Wei and colleagues reported the clearance rate for HPV 16 at the
anus among HIV-negative MSM was 95.5 (95 %CI: 86.0 to 106.0) person
months[37]. Poynten and colleagues found that the clearance rates for
HPV 16 and HPV 18 at the anus among Australia MSM with a median
age of 49 years (IQR: 43-56) were 13.83 (95 %CI: 10.46 to 18.32) and
27.13 (95 %CI: 20.19 to 36.45) person years[36]. Furthermore, these
studies have shown that HPV 16 is the genotype with the lowest rate of
clearance[36,37]. In contrast, we found anal HPV 6 had the lowest
clearance rate (21.6 per 1000 person months) among MSM recently
engaged in sexual activity. It might be explained that the previous
studies included older MSM who had more sexual experience and more
cumulative sexual partners. Zhou and colleagues reported that HPV 6
DNA at the anus was the genotype with lowest clearance rate among
MSM with a median age of 27.3 (IQR: 24.0 to 32.8) years[33]. These
results indicated that HPV 6 may be one of the most persistent genotypes
among young MSM recently engaged in sexual activity, which could lead
to a higher disease burden of anal warts.

In this study, although the clearance rates at the penis were higher
than those at the anus for HPV 6, 11, and 18, the difference did not reach
a statistical significance. Only one previous study on a cohort of HIV-
negative MSM in Netherlands simultaneously followed the anal and
penile HPV changes [30]. Mooij and colleagues reported similar patterns
to our study in terms of the difference between penile and anal HPV DNA
clearance. Mooij and colleagues found that for a given genotype of HPV,
the clearance rate at the penis were higher than that at the anus[30].
Although no clear explanation for the difference in clearance between
anal and penile HPV infection could be derived, it could be hypothesized
that infection in keratinized epithelium of the penile shaft clears faster
than mucosal infection in the anal canal[38].

In the current study, we found the naturally acquired antibodies
against HPV 6, 11, 16, and 18 were stable among young MSM recently
engaged in sexual activity during 12 months follow-up. However, the
study on the duration of naturally acquired antibodies against HPV
among MSM was limited, as only one existing study followed the dy-
namic changes of naturally acquired HPV antibodies among MSM|[39].
Albeit multiple studies evaluated the immune response following HPV
infection among MSM[40-46], they failed to evaluate the absence of
serum antibodies after the initial infection in the form of follow-ups by
specific time intervals, which hampered further comparison between
different studies in terms of duration of HPV antibodies. The study
conducted by Beachler and his colleagues focusing on HPV 16 had a
similar conclusion with respect to the duration of HPV antibodies[39].
Beachler and his colleagues found that 94 % (111/118) of cases sero-
positive for HPV 16 at baseline remained such a status at month 12,
while 90 % remained so at month 48[39]. The duration of follow up in
our study was only 12 months, which limited our ability to detect real
serum conversion of antibodies in the long run. Prolonged follow-ups
should be considered in further studies to evaluate the longitudinal
patterns of antibody titers and to explore whether natural antibodies
could protect against subsequent anal or penile HPV infection among
adolescent MSM.
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This study is the first longitudinal investigation to evaluate the type-
specific HPV DNA clearance at anal and penile sites and antibodies
clearance among MSM recently engaged in sexual activity. Nevertheless,
several limitations should be taken into account. First, although our
study is one of the few studies on the natural history of HPV among
young MSM entering sexual activity, the relatively small sample size
may render our study to be statistically underpowered to detect differ-
ence in HPV clearance comparing various anatomical sites and HPV
subtypes. However just as Noel T Brewer, chair of the U.S. National HPV
Vaccination Roundtable noted, these transmission estimates are by the
best we have for adolescent MSM and the best data for this population
that we will have any time soon[47]. Second, the comparatively shorter
period of follow up and missed samples at ninth months of this study
may limit our ability to detect all clearance events. Previous studies have
shown that HPV DNA infection clears spontaneously within 4-24
months, while serum antibodies takes longer to have its negative con-
version observed. This is one of the important possible reasons that led
to the significantly lower clearance rates observed in our study as
compared to other research studies. Third, in this kind of epidemiologic
studies it is impossible to distinguish true HPV clearance from viral la-
tency completely. In our study, we reported definite clearance rates
based on two consecutive negatives. Thus, we may have greater po-
tential to distinguish clearance from viral latency than studies used a
single negative result as their definition of clearance. The last but not the
least, because of the methods of recruitment and rigors of study
participation, the cohort presented here is likely to be a select popula-
tion. Therefore, the estimates of HPV clearance rates should be gener-
alized with caution.

In conclusion, we dynamically observed changes in the HPV anal,
penile DNA and serum antibodies. The results showed the clearance
rates of HPV 6, 11, 16 and 18 DNA at the anus and penis among
adolescent MSM were low, while serum antibodies among adolescent
MSM were stable. Considering observed low clearance rates of HPV in
adolescent MSM prophylactic HPV vaccines should be given priority to
young MSM, ideally before their sexual debut.
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