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Natural History of Anal
Papillomavirus Infection in
HIV-Negative Men Who Have Sex
With Men Based on a Markov Model:
A 5-Year Prospective Cohort Study

Zewen Zhang, Xi Ling, Lirong Liu, Miaomiao Xi, Guozhen Zhang and Jianghong Dai*

School of Public Health, Xinjiang Medical University, Urumgqi, China

Objective: Men who have sex with men (MSM) are at increased risk for Human
papillomavirus (HPV) infection compared to women and heterosexual men. We aimed
to assess the incidence, clearance and duration of anal human papillomavirus (HPV)
infection in HIV-negative MSM and the influencing factors in a 5-year prospective
cohort study.

Methods: From April 2016 to April 2021, HIV-negative MSM were recruited and followed
every 6 months in Urumai, Xinjiang, China. Questionnaires and anal swabs were collected
at baseline and every 6 months. We detected 37 anal HPV genotypes using the HPV
Geno Array Diagnostic Kit Test. Incidence and clearance rates of anal HPV infection and
the influencing factors were estimated using a two-state Markov model.

Results: A total of 585 MSM were included with a median age of 37 years [interquartile
range (IQR): 31-43 years] and were followed for a median 2.8 years (IQR: 1.8-3.6 years).
Incidence rates for any HPV and high-risk HPV (Hr-HPV) were 53.4 [95% confidence
interval (Cl): 49.1-58.0] and 39.0 (95% Cl: 35.7-42.5)/1,000 person-months. Median
duration of infection was 9.67 (95% ClI: 8.67-10.86) and 8.51 (95% ClI: 7.57-9.50)
months, respectively. Clearance rates for any HPV and Hr-HPV were 50.9 (95% Cl:
46.7-55.3) and 62.1 (95% CI:. 56.8-66.7)/1,000 person-months, respectively. HPV16
and HPV6 had the highest incidence, lowest clearance rate and longest duration of
infection among Hr-HPV and low-risk HPV (Lr-HPV) types, respectively. Receptive anal
sex is a risk factor for any HPV [hazard ratio (HR) = 1.66, 95% Cl: 1.16-2.38] and
Hr-HPV infection (HR = 1.99, 95% CI:1.39-2.85). Recent anal sex without condom
use was significantly associated with any HPV (HR = 1.80, 95% CI: 1.10-2.94) and
Hr-HPV infection (HR = 2.60, 95% Cl: 1.42-4.77). Age >35 years was significantly
associated with Lr-HPV HPV infection only (HR = 1.40, 95% CI: 1.02-1.93). Both
inserted and receptive anal sex (HR = 0.60, 95% CI: 0.40-0.89) and anal sex >2
times per week (HR = 0.61, 95% CI: 0.43-0.87) were associated with reduced Hr-HPV
clearance. Six of the nine-valent vaccine types (HPV6, 11, 16, 18, 52 and 58) occurred
most frequently, which indicates the need for high vaccination coverage in MSM.
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Conclusions: In this cohort study, high incidence and low clearance of any HPV, Hr-HPV
and individual HPV infections emphasize the importance of MSM vaccination. Modifiable
behavioral factors such as condoms and drug use should be incorporated into HPV

prevention strategies.

Keywords: human papillomavirus, incidence, clearance, HIV-negative, men who have sex with men, Markov model

INTRODUCTION

Human papillomavirus (HPV) is one of the most common
sexually transmitted infections (STIs) (1, 2). Men who have
sex with men (MSM) are one of the most severely infected
populations with HPV due to their specific and frequent sexual
behavior (3-5). A meta-analysis showed that the prevalence of
anal HPV infection in HIV-negative MSM was 64% (6), and may
exceed 90% in those with HIV infection (7, 8). In China (9),
the estimated prevalence of anal HPV among MSM was 85.1%
(HIV-positive), 53.6% (HIV-negative), and 59.2% (unknown
HIV status). Persistent infection with high-risk HPV (Hr-HPV)
is a known cause of cervical, head and neck, penile and anal
cancers (2, 10, 11), and low-risk HPV (Lr-HPV) can also cause
genital warts (12, 13). MSM are about 20 times more likely to
develop anal cancer than heterosexual men are (14, 15), and a
recent study showed that HPV was detected in 88.3% of anal
cancers (8).

Cervical HPV infection has been described in many studies
(16-18) and there are many similarities between cervical and
anal HPV infection (19, 20). For example, cervical squamous cell
carcinoma (SCC) and anal SCC are both caused by persistent
infection with Hr-HPV. It has been shown that there is a
dramatic difference in the progression rate of cancer at the
two sites (21, 22), suggesting that the natural history of anal
and cervical HPV infection also differs significantly. Therefore,
understanding and elucidating the severity and risk factors
for HPV infection in MSM is necessary for prevention and
vaccination in this population (23, 24). Unlike heterosexual
men who may benefit in female-only vaccination settings, HPV-
related disease is unlikely to decline in MSM populations (25). To
the best of our knowledge, HPV infection among MSM in China
is under-reported. Most of the studies were on the prevalence
of HPV (26-29), and there has been an absence of long-term
longitudinal studies. Longitudinal information on incidence,
clearance and persistence of anal HPV infection among MSM in
China is needed to further elucidate disease burden among MSM,
in order to guide the implementation of prevention programs in
this region.

Most previous studies have used traditional Cox proportional
risk models (30, 31) and Poisson regression models (32, 33) to
describe the natural history of HPV infection. These methods
are commonly used to describe the risk of transition from one
state to another and tend to focus only on the occurrence of
the first outcome. However, infection with HPV clears within a
certain period of time and re-infection may occur later, and Cox
regression provides less information on the dynamic evolution
of HPV infection. Apart from a few exceptions (34-36), most

studies did not take into account the interval review nature
of the data (i.e., the uncertainty of the exact timing of the
event of interest). Multiple infections and clearances may have
occurred between follow-up visits, but the assumption that the
event occurred at the sampling date or at an intermediate point
between visits would have biased estimates of incidence and
clearance rates. Geskus et al. (35) used Markov models and
Poisson regression to describe the natural history of Hr-HPV
infection. They found that, compared with Markov models,
Poisson regression showed that incidence estimates decreased by
22% for HPV16 and 53% for HPV56, and clearance decreased by
22% for HPV16 and 42% for HPV51.

We used a two-state Markov model to determine incidence,
clearance and persistence of anal HPV infection in a longitudinal
cohort of HIV-negative MSM in Urumgqi, China over a 5-year
period. Additionally, we assessed factors related to incidence and
clearance of anal HPV in this cohort.

METHODS

Enroliment and Follow-Up of Study

Participants

Since April 2016, we established an open prospective cohort
of HPV among HIV-negative MSM in Urumgqi, Xinjiang,
China. The project recruited participants based on a local
non-government organization (Xinjiang Dream Health Service
Center, recognized by the health administration), through
website advertising, WeChat and peer recruitment. Those
who self-reported being at least 18 years old and having had
homosexual sex at leasnce in the past 6 months were included.
At baseline and at every 6-month study visit, participants
completed a self-administered electronic questionnaire,
including information on general socio-demographic and sexual
behavior characteristics. A sample of 5ml venous blood was
collected for HIV screening. For the collection of anal samples,
volunteers were trained by clinicians before the study; volunteers
then instructed the participants to collect anal specimens
during the study. Participants self-collected anal samples by
rotating a swab inside the anal canal, and placed them in a
3-ml sample transport medium for HPV testing. Anal samples
were stored at 4°C. Transported back to the laboratory for
testing via a foam box with ice packs. Participants received 40
RMB (~$6.6) for transportation and time at baseline survey
and every 6-month follow-up visit. Between April 9, 2016 and
April 9, 2021, 1071 participants were recruited at baseline.
Twelve participants were excluded due to missing baseline
questionnaires or ineligible anal swab samples, and those with
at least two follow-up visits and eligible samples were retained,
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1071 MSM
Baseline total recruitment
April 9, 2016 to April 9, 2021

12 MSM, Excluded
No questionnaire information
or unqualified anal swab
sample

y

-
Y
1059 MSM
Followed up
-

474 MSM, Excluded
Less than two follow-up visits

585 MSM
Included in the final analysis

FIGURE 1 | Flowchart for analytic dataset selection.

resulting in 585 participants in the final analysis (Figure 1).
All participants provided written informed consent. This study
was reviewed and approved by the Ethics Committee of the
First Affiliated Hospital of Xinjiang Medical University (Batch
Number: 20160512-11).

Sociodemographic and Sexual Behaviors
Characteristics

Sociodemographic characteristics included the following
variables: age, ethnicity, marital status, education, employment
status, registered residence, earning per month, smoking
status and alcohol consumption. Sexual behaviors included
the following variables: age of sexual debut, self-reported
sexual preference, homosexual anal sex in the past 6 months,
anal sexual position, gender of sexual partners (past year or
lifetime), number of sexual partners in the past 6 months,
number of anal sex encounters in the last week, frequency
of condom use during homosexual behavior in the past 6
months, drug use, self-reported STI in the past 6 months,
circumcision history, and commercial sex with men in the past
6 weeks.

HPV DNA Detection and Genotyping
Hybribio 37 HPV GenoArray Diagnostic Kit Test (Hybribio
Biotech, Chaozhou, China) was use for HPV detection and
genotyping, as described previously (27). The diagnostic kit
is based on a flow-through hybridization and gene-chip
method. The low-density gene chip was pre-fixed with 37 type-
specific oligonucleotides and the genotype was analyzed using
HybriMax (Hybribio Biotech). The final results were detected by
colorimetric change on the membrane under direct visualization.
Positive and negative controls were included in the GenoArray
test kit in every polymerase chain reaction analysis, as well as
during the hybridization process for quality control.

This method can simultaneously detect 37 HPV genotypes:
HPVe, 11, 16, 18, 26, 31, 33-35, 39, 40, 42-45, 51-59, 61, 66-73,
and 81-84.

Statistical Analysis

All statistical analyses were conducted using SAS version 9.4
and R version 4.1.0. Continuous variables were described
using medians and interquartile ranges (IQRs) if they had
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skewed distributions, and frequencies and percentages for
categorical variables.

Incidence was defined as a positive detection of HPV type
after HPV-negative test result of HPV type (0-1). Clearance was
defined as a negative test result of an HPV type after positive
detection of HPV type (1-0). The analysis included the following
three groups of HPV: (i) any type: infection by at least one of
the 37 detectable HPV types; (ii) Hr-HPV: infection by at least
one high-risk type, i.e., HPV16, 18, 26, 31, 33, 35, 39, 45, 51-53,
56, 58, 59, 66-70, 73, 82; and (iii) Lr-HPV: infection by at least
one low-risk type, i.e., HPV®6, 11, 34, 40, 42-44, 54, 55, 57, 61,
71, 72, 81, 83, 84. Incidence and clearance rates, including 95%
confidence intervals (Cls), were calculated based on the number
of events divided by person-months of observations of event risk.
Moreover, incidence and clearance rates along with duration of
infection were also estimated for each HPV genotype.

We estimated incidence and clearance rates using a two-stage
Markov model that allowed for interval censored event data
(37). The two states were defined as HPV-DNA negative and
HPV-DNA positive. Individuals could move from one state to
another at any time point. Incidence was modeled as the rate
of transition from a negative to a positive state; clearance as the
rate of transition from a positive to a negative state. We allowed
several infections and clearances to occur between two samples.
The transition rate from one state to another was assumed to
be constant over time, and the probability of transition between
the states depended on the time between observations, and
not the specific time of observation. We estimated bivariate
and multifactorial hazard ratios (HRs) affecting infection and
clearance transitions. The variables which showed a p < 0.05
in bivariate analyses were entered into the multivariate Markov
model to estimate the HRs, as well as their 95% Cls. The Markov
model was fitted in R4.1.0 using the MSM package.

RESULTS

Participants Baseline Characteristics
From April 9, 2016 to April 9, 2021, a total of 585 MSM
were enrolled and then contributed a total of 1595.4 person-
years with a median follow-up time of 2.8 (IQR: 1.8-3.6)
years. The median age of participants was 30 (IQR: 25-36)
years, and 53.5% (n = 318) of the participants were in local
households. Four hundred and fifty-six (79.5%) had a junior
college degree or higher, and most of the participants (87.2%)
were employed. Median age of sexual debut was 20 (18-23)
years, and 453 (77.4%) identified themselves as homosexual. A
total of 471 (80.5%) reported having had homosexual anal sex
in the past 6 months and at baseline, and 330 (56.4%) reported
always using a condom during anal sex with male partners
in the preceding 6 months. Only 61 (10.4%) had more than
five sexual partners and 173 (29.6%) had a history of drug
use in the past 6 months. The socio-demographic and sexual
behavioral baseline characteristics of the 585 MSM are reported
in Table 1.

At baseline, 50.3% (294/585) had any anal HPV infection. Hr-
HPV was detected in 36.8% (215/585), while 26.3% (154/585)

TABLE 1 | Baseline demographics and sexual behavior characteristics of 585
MSM.

Variable n (%)

Age (year)

Median (IQR) 30 (25-36)

Age of sexual debut

Median (IQR) 20 (18-23)

registered permanent residence

Urumai, China 313 (63.5)

Other, China 272 (46.5)

Ethnicity

Han 518 (88.6)

Other 67 (11.4)

Educational Level

Less than or equal to high school 120 (20.5)

Higher professional education or university 465 (79.5)

Employment

employed 510 (87.2)

Unemployment/Unemployed 75 (12.8)

Marital Status

Unmarried 434 (74.2)

Married 106 (18.1)

Divorced/widowed 45 (7.7)

Earnings per month

<5,000 RMB 312 (53.3)

>5,000 RMB 273 (46.7)

Sexual preference

Homosexuality 453 (77.4)

Heterosexuality/others 132 (22.6)

Gender of Lifetime sexual partners

Male only 317 (54.2)

Both male and female 268 (45.8)

Gender of sexual partners in the past year

Male only 459 (78.5)

Both male and female 126 (21.5)

Homosexual anal sex in the past 6 months

YES 471 (80.5)

NO 114 (19.5)

Anal sexual position

Mainly inserted anal sex 309 (52.8)

both inserted and receptive 27 (4.6)

Mainly receptive anal sex 249 (42.6)

number of sexual partners past 6 months

<5 511 (87.4)

>5 61 (10.4)

Missing 13 (2.2)

Number of anal in the past a week

<2 448 (76.6)

>2 124 (21.2)

Missing 13(2.2)

Condom use during latest anal sex

YES 448 (76.6)

NO 124 (21.2)
(Continued)
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TABLE 1 | Continued

Variable n (%)
Missing 13(2.2)
Condom use during anal sex with male sex

partners

in the past 6 months

Always with condoms 330 (56.4)
Sometimes with condoms 199 (34.0)
Never with condoms 43 (7.4)
Missing 13(2.2)
Had commercial sex with men in the past

6 months

Yes 50 (8.6)
No 522 (89.2)
Missing 13(2,2)
Had sex with heterosexual partners in the

past 6 months

Yes 94 (16.1)
No 491 (83.9)
Circumcision history

Circumcised 360 (61.5)
Not circumcised 225 (38.5)
Drug use past 6 months

Yes 173 (29.6)
No 412 (70.4)
Smoking

Never smoked 339 (57.9)
Sometimes 87 (14.9)
Smoking every day 159 (27.2)
Drinking

Never drink 177 (30.3)
Sometimes 392 (67.0)
Drink every day 16 (2.7)
Number of sexual partners in last 6 months

Median (IQR) 2 (1-3)
Missing 13(2.2)
History of STI

No 531 (90.7)
Yes 54 (9.2)

were positive for Lr-HPV (Supplemental Table 1). The self-
reported prevalence of STI was 9.2%.

Anal HPV Incidence and Clearance
Incidence and clearance rates for each HPV group are reported in
Table 2. The incidence of any HPV infection was higher than the
clearance rate, which was 53.8 (49.3-58.6)/1,000 person-months
and 52.4 (48.0-57.0)/1,000 person-months, respectively. For the
Hr-HPV and Lr-HPV groups, the incidence rate was lower than
the clearance rate (IR/CR for Hr-HPV = 0.63, 95% CI: 0.55-0.71,
IR/CR for Lr-HPV = 0.37, 95% CI:0.32-0.42). The estimated
duration of any HPV and Hr-HPV was similar at 9.5 (95%CI:
8.5-10.7) and 8.4 (95% CI: 7.5-9.4) months, respectively. Lr-HPV
had a duration of 6.5 (95%CI: 5.7-7.4) months.

The incidence rate of individual HPV infections varied
substantially by HPV type. Among Hr-HPVs, the incidence

rate ranged from 0.6 (95% CI: 0.6-1.4)/1,000 person-months
for HPV69 to 8.3 (95%CI: 7.0-9.7)/1,000 person-months for
HPV16. Among Lr-HPVs, the incidence rate ranged from
0.6 (95% CI: 0.3-1.0)/1,000 person-months for HPV71 to 9.6
(95% CI: 8.2-11.2)/1,000 person-months for HPV6 (Figure 2,
Supplemental Table 2). The clearance rate of individual HPV
infections also varied by HPV type. The clearance rate
ranged from 84.1 (95% CI: 71.2-98.4)/1,000 person-months
for HPV16 to 166.4 (95% CI: 79.9-299.9)/1,000 person-months
for HPV69 among Hr-HPVs, and ranged from 79.5 (95% CI:
68.4-91.7)/1,000 person-months for HPV6 to 178.0 (95%CIL:
100.3-288.2)/1,000 person-months for HPV42 among Lr-HPV's
(Figure 2, Supplemental Table 2). The relatively high incidence
and relatively low clearance of HPV6 and HPV16 make them
the genotypes with the highest persistent infections, both when
using clearance from prevalent-positive infections and incident-
positive infections. Markov models showed that the duration of
HPV6 and HPV 16 infection was 12.6 (95% CI: 10.8-14.6) months
and 11.9 (95% CI: 10.1-13.9) months, respectively (Figure 1,
Supplemental Table 2). HPV42 and HPV56 had the shortest
duration of infection in the low- and high-risk groups.

Risk Factors for Incidence and Clearance

of Anal HPV Infection

Multivariate analyses showed that MSM aged >35 years tended to
be associated with a higher incidence of Lr-HPV (HR = 1.31, 95%
CI: 1.02-1.93), while there was no significant association for any
HPV and Hr-HPV (Tables 3, 4). Compared with inserted anal
sex, receptive anal sex significantly increased the risk of infection
with any HPV (HR = 1.66, 95% CI: 1.16-2.38) and Hr-HPV (HR
= 1.99, 95% CI: 1.39-2.85). Increased incidence was observed
only for infection with any HPV for both insertional and
receptive anal sex (HR = 1.74, 95% CI: 1.06-2.84). Participants
who did not use a condom during their latest anal sex showed
a higher incidence of infection by any HPV (HR = 1.80, 95%
CL 1.10-2.94) and Hr-HPV (HR = 2.60, 95% CI: 1.42-4.77)
compared to those that did use a condom. Drug use in the past
6 months (compared to no drug use), significantly increased
the risk of infection with any HPV (HR = 1.42, 95% CI: 1.0-
1.97) and Lr-HPV (HR = 2.18, 95% CI: 1.57-3.02), although the
former was of borderline statistical significance. The incidence of
infection with any HPV tended to increase in participants with
a history of STI (HR = 2.17, 95% CI: 1.10-4.26), although not
significantly, and a similar trend was observed for Hr-HPV.

In the multivariate analysis of the clearance of any HPYV,
none of the variables were significantly associated with clearance.
Participants with both inserted and receptive anal sex had 0.6
times the hazard of Hr-HPV infection clearance compared to
those with inserted anal sex (HR = 0.60, 95% CI: 0.40-0.89). Anal
sex >2 times per week was associated with increased Hr-HPV
clearance (HR = 0.61, 95% CI: 0.43-0.87). Most recent anal sex
without a condom increased clearance of infection of Hr-HPV.
The clearance of Lr-HPV was significantly lower in MSM who
had both male and female sexual partners in the past year (HR
= 0.56, 95% CI: 0.39-0.82). MSM who had used drugs in the
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TABLE 2 | Incidence rate, clearance rate, incidence/clearance ratio, and duration of HPV infection in 585 MSM.

Groups Incidence rate* Clearance rate* Ratio* Duration (months)
Any-HPVs 53.4 (49.1,58.0) 50.9 (46.7,55.3) 1.05(0.91,1.16) 9.67 (8.67,10.86)
Hr-HPVs 39.0(35.7,42.5) 62.1(56.8,66.7) 0.63 (0.55,0.71) 8.51 (7.57,9.50)
Lr-HPVs 27.6 (25.1,20.4) 74.9 (67.9,82.3) 0.37 (0.32,0.42) 6.61 (5.84,7.44)

# Incidence and clearance rates were calculated based on the number of events divided by person-months of observations of event risk, expressed in /1,000 person-months, 95%

confidence intervals are in parentheses.
"Ratio of incidence and clearance rates.
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HPV18 1 — 18 E—— 18 —_—
HPV31 1 —— 314 —_— 314 _—
HPV33 1 — 33{ —— 33 —_—
HPV35- —e— 351 351
> HPV39 —_— 391 —_—— 39 —_—
O HPV45 —— 451 ——eo—r 45
T Hpysi A —_— 51 — 51 _—
% HPV52 —_— 52 —_— 52 —_—
Y HPV53 —_—— 53 —_— 53 —_—
= HPV564{ —e— 56 1 56 1 —_—
D HPV58 —_— 58 1 —— 58 1 —_—
I HpPvse{ —— 59 1 —_— 59 1 —_—
HPV66 1 —— 66 1 —_— 66 1 —_—
HPV68 1 —— 68 1 —_— 68 1 —_—
HPV70{ — —e— 70 —_——— 70 —_—
HPV73{ —e— 73 73
HPV82 —— 82 e — 82 e —
25 5.0 7.5 10.C 60 120 180 240 4 8 12 16
Incidence rate/1000 per months Clearance rate/1000 per months Mean duration months
HPV6 - —_— 64 —e— 61 —_—
HPV11 1 —_—— 11 —— 111 —_——
HPV34{ - ¥ —— 344
HPV40-q -+ 401 —_— 404 —_——
E HPV42{ -=— 42 42 ——
T HPV43{ - 431 43 1 —_—
ﬁ HPV444 -o— 444 —_— 444 —_—
Y HPV54 —— 54  — 54 1 —_—
2 HPV55] -~ 55 ——— 551 —_—
S Hpvet — 611 — 61 —
HPV714 - 714 —_— 714 —_—
HPV81 1 —— 81 —_— 81 —_—
HPV83{ - 831 —_— 831 —_—
HPV84 —— 84 —_— 84 —_—
0 3 6 9 50 100 150 200 250 5 10 15 20
Incidence rate/1000 per months Clearance rate/1000 per months Mean duration months
FIGURE 2 | Incidence rates, clearance rates and duration of infection with 95% Cl for individual HPV in 585 MSM based on the two-state Markov model.

past 6 months had higher clearance of Lr-HPV (HR = 1.75, 95%
CI: 1.28-2.41).

DISCUSSION

We used a two-state Markov model to comprehensively assess
the incidence, clearance and duration of anal infection with HPV
(type 37) in HIV-negative MSM, as well as the factors influencing
infection incidence and clearance.

In our study, the incidence of anal infection with any type of
HPV and Hr-HPV was higher than that in HIV-negative MSM
in other studies (4, 38-40); none of which took into account the
nature of the data interval deletions. However, one study (41)

in HIV-negative MSM using pre-exposure prophylaxis (PREP)
found that the prevalence (92%) and incidence (86.2/1,000
person-months) of anal HPV infection were similar to those
in HIV-positive MSM, which were higher than in our study.
Few studies have reported the incidence of Lr-HPV infection
in HIV-negative MSM. Dona MG et al. (34) reported higher
incidence of Hr-HPV and Lr-HPV than we did, and they used
the same statistical analyses as us to describe the natural history
of HPV infection in HIV-negative MSM. They found that the
clearance rate of any HPV infection was much lower than
the incidence, which may explain the higher HPV prevalence
at baseline (73.5%). However, in our study, the incidence of
any HPV infection was similar to the clearance rate, and the
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TABLE 3 | Bivariate and multivariate analyses of factors associated with incidence and clearance of Any HPV.

Determinant Incidence Clearance

Bivariate Multivariate Bivariate Multivariate
Any HPV type HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)
Age (year)
<34 years ref ref
>35 years 1.33 (1.05,1.68) 1.05(0.71,1.55) 0.90 (0.71,1.15) 0.71(0.48,1.07)
Ethnicity
Han ref ref
minority 1.49 (1.02,2.18) 0.86 (0.51,1.44) 0.76 (0.50,1.14) 0.46 (0.27,0.77)
Marital status
Married ref ref
Unmarried 0.73 (0.55,0.98) 0.70(0.44,1.13) 1.09 (0.81,1.46) 0.87 (0.54,1.40)
Divorced/widowed 0.93 (0.60,1.45) 1.20(0.62,2.32) 1.02 (0.65,1.61) 1.43(0.74,2.75)
Anal sexual position
Mainly inserted anal sex ref ref
Both inserted and receptive 1.64 (1.17,2.29) 1.74 (1.06,2.84) 0.93 (0.67,1.30) 0.95 (0.59,1.52)
Mainly receptive anal sex 1.37 (1.06,1.77) 1.66 (1.16,2.38) 0.65 (0.50,0.85) 0.66 (0.46,0.95)
Number of sexual partners past 6 months
<5 ref ref
>5 1.52 (1.00,2.30) 1.28 (0.78,2.09) 1.19(0.79,1.79) 1.07 (0.66,1.74)
Latest anal sex condom use
Yes ref ref
NO 1.60 (1.11,2.31) 1.80 (1.10,2.94) 1.21(0.83,1.77) 1.47 (0.88,2.45)
Circumcision
Yes ref ref
No 0.88(0.70,1.12) 0.91(0.65,1.27) 0.74 (0.58,0.94) 0.74 (0.53,1.03)
Drug use past 6 months
No ref ref
Yes 1.252 (0.98,1.61) 1.41 (1.00,1.97) 1.09 (0.85,1.40) 1.15(0.82,1.61)
History of STI
No ref ref
Yes 1.71 (1.12,2.59) 2.17 (1.10,4.26) 0.84 (0.55,1.30) 1.10(0.54,2.22)

Bold indicates P value < 0.05.

prevalence of infection at baseline is also relatively low (50.3%).
It is important to note that previous studies on the natural
history of HPV have varied in the populations included, the HPV
genotype tests used and number of genotypes tested, and the
definitions of incidence and clearance, in addition to differences
in the statistical methods used, making comparisons between
studies difficult.

For individual HPV type infections and clearance, the highest
incidence of anal HPV16 and HPV52 infections was found
among Hr- HPV types, followed by HPV51, HPV58, HPV39, and
HPV18. Similar to other studies, incidence rate of anal Hr-HPV
infection was highest for HPV16, HPV51 and HPV52 in HIV-
infected (4, 35, 39, 42) or in HIV-negative (34, 36, 39, 40, 43)
MSM. We found that the highest incidence of infection with Lr-
HPV was for HPV6, even higher than most Hr-HPVs. A meta-
analysis (44) in China showed an unusually high prevalence of
both HPV6 and HPV11 in MSM, but with the exception of HPV6
and 11, the prevalence of other low-risk genotypes was similar in

heterosexual men and MSM. There are some specific differences
in the incidence and prevalence of some types in different regions,
suggesting that genotype validation methods may not be a key
factor in the variation in incidence or prevalence, and that other
parameters may play a greater role.

HPV16 had the lowest clearance rate compared to other Hr-
HPVs, which is consistent with previous studies (15, 34, 36,
45), Evy Yunihastuti et al. (39). studied HIV-positive and HIV-
negative MSM in South-East Asia, and found that HPV16 had the
lowest clearance rate in both groups. HPV6 also had the lowest
clearance, which partly explains the unusually high prevalence of
HPV6 in Chinese MSM (44). HPV6 and HPV 16 are also the two
genotypes with the longest duration of infection. HPV's with the
longest duration of infection may also have the highest oncogenic
potential. HPV16 was found to persist longer than other Hr-HPV
types in MSM, women and heterosexual men, which is consistent
with the high pathogenicity of HPV16 infection in both sexes
(17, 36, 46). A meta-analysis (10) showed that HPV16 was the
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TABLE 4 | Bivariate and multivariate analyses of factors associated with incidence and clearance of Hr-HPVs and Lr-HPVs.

Determinant Incidence Clearance

Bivariate Multivariate Bivariate Multivariate
Hr- HPV type HR (95%Cl) HR (95%Cl) HR (95%Cl) HR (95%Cl)
Age
<34 years ref ref
>35 years 1.29 (1.02,1.64) 1.14(0.79,1.65) 0.95(0.75,1.21) 0.88 (0.61,1.28)
Marital status
Married ref ref
Unmarried 0.67 (0.50,0.91) 0.68 (0.44,1.03) 0.94 (0.70,1.27) 0.90 (0.58,1.38)
Divorced/widowed 0.821 (0.53,1.27) 1.13(0.57,2.25) 0.79 (0.51,1.24) 1.27 (0.63,2.52)
Anal sexual position
Mainly inserted anal sex ref ref
Both inserted and receptive 1.39 (1.01,1.92) 1.12(0.73,1.71) 0.71 (0.52,0.98) 0.60 (0.40,0.89)

Mainly receptive anal sex
Latest anal sex condom use
Yes

NO

Number of anal sex in the past a week

<2

>2

Smoking status
Never smoked
Sometimes
Smoking every day
History of STI
No

Yes

Lr- HPV type
Age

<34 years

>35 years

Gender of sexual partners in the past year

Male only
Both male and female

Number of sexual partners past 6 months

<5

>5

Drug use past 6 months
No

Yes

Smoking status
Never smoked
Sometimes
Smoking every day
Drinking status
Never drink
Sometimes

Drink every day

1.57 (1.21,2.04)

ref
2.02 (1.38,2.96)

ref
0.79 (0.60,1.05)

ref
0.71 (0.51,1.00)
0.72 (0.54,0.94)

ref

1.51 (1.02,2.22)

ref
1.31 (1.01,1.69)

0.87 (0.63,1.18)

1.81 (1.14,2.88)

ref
1.90 (1.43,2.53)

ref
0.95 (0.65,1.37)
1.13(0.82,1.56)

ref
1.36 (1.05,1.77)
0.511 (0.20,1.28)

1.99 (1.39,2.85)

2.60 (1.42,4.77)

0.81(0.57,1.134)

0.98 (0.61,1.58)
0.74 (0.51,1.05)

1.38 (0.83,2.29)

1.40 (1.02,1.93)

0.85 (0.58,1.25)

1.45 (0.89,2.37)

2.18 (1.57,3.02)

0.71(0.44,1.14)
1.09 (0.72,1.65)

1.23 (0.89,1.71)
0.37 (0.12,1.18)

0.68 (0.52,0.89)

ref
1.53 (1.03,2.28)

ref
0.64 (0.48,0.87)

ref
0.86 (0.61,1.20)
0.81(0.62,1.07)

ref

0.77 (0.51,1.16)

ref
0.89 (0.68,1.15)

0.57 (0.42,0.77)

1.29 (0.82,2.02)

ref
1.67 (1.26,2.20)

ref
1.09 (0.75,1.57)
1.52 (1.11,2.09)

ref
1.37 (1.06,1.78)
1.07 (0.48,2.34)

0.71 (0.50,1.02)

2.11 (1.12,3.98)

0.61 (0.43,0.87)

1.23(0.77,1.95)
0.77 (0.54,1.10)

0.79 (0.46,1.34)

1.11(0.81,1.52)

0.56 (0.39,0.82)

1.25 (0.79,1.99)

1.75 (1.28,2.41)

1.25 (0.80,1.94)
1.45 (0.96,2.17)

1.18 (0.85,1.62)
0.68 (0.21,2.20)

Bold indicates P value < 0.05.

most carcinogenic HPV type in the anus in both men and women,
and the only HPV type that was significantly more common in
cancer than in normal cytology. Currently, in China, the HPV

vaccine is only available for women, and MSM cannot benefit
from it. In addition, HPV infection is more common in MSM
than in heterosexual men. In this study, six of the HPV types
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(HPVS6, 11, 16, 18, 52 and 58) had higher incidence and lower
clearance rates, given that this six types are included in the 9-
valent vaccine, therefore, it is suggesting that the implementation
of a vaccine program in the MSM may be important in reducing
the prevalence of HPV infection in this population.

There was no significant association between age and
incidence in most studies (34, 36, 39). In our study, age was
significantly associated with an increased incidence of Lr-HPV
infection. For infection clearance, a study of HIV-positive MSM
by Geskus et al. (35) found that age had a significant non-
linear effect; clearance was highest below age 25 years and
lowest around 30 years. We also found that clearance was lower
(although not significantly) in older participants in the any-
HPV and Hr-HPV groups. Giuliano et al. (47) described the
association between age and HPV clearance in HIV-negative
MSM penile samples and found that Hr-HPV clearance increased
with age.

Regarding sexual behavioral factors, receptive anal sex was
independently associated with incidence of anal infection by
any HPV and Hr-HPV in our study, which is consistent
with previous studies (4, 44). A study (38) of multiple sites
of HPV infection in adolescent MSM and the probability
of transmission between sites found that younger, sexually
inexperienced MSM had a higher incidence of anal HPV
infection, higher probability of transmission from penis to anus,
and significantly higher probability of transmission from penis
to anus of 50% per partner than from anus to penis per
partner. We also found that failure to use a condom during
recent anal sex increased the risk of HPV infection. Therefore,
during sex, if the penetrator does not use a condom, the
penetrated partner may have a greater risk of infection. We
also observed that STIs and drug use increased the risk of
infection with any HPV and Hr-HPV. Drug use, number of
sexual partners and history of STI may be substitutes for high-
risk behaviors that could lead to an increased risk of exposure to
HPV (15, 38).

We found that the number of anal sex encounters and both
inserted and receptive anal sex were associated with Hr-HPV
clearance failure. Condomless anal sex is a risky sexual behavior
and can increase exposure to HPV. Therefore, failure of HPV
clearance may be associated with re-exposure or re-infection
through condomless sexual contact. Several studies have also
reported an association between condomless anal sex and
increased occurrence of HPV infection and failure of clearance
(15). Our study found that the relationship between condomless
anal sex and the occurrence of HPV infection was consistent
with other studies (36, 46); however, condomless anal sex
accelerated HPV clearance. Marra et al. (36) also found that
never using a condom during anal sex increased the risk of
transition from infected to uninfected state. We suggest that
this finding could have arisen from MSM in a steady, perhaps
sexually exclusive, relationship in which no or limited new HPV
exposure occurred.

Our study had several strengths. First, our participants
were recruited primarily through the community and may be
a better representation of the MSM population in the local

community than those recruited on an outpatient basis. Second,
large and long follow-up enabled us to obtain a more accurate
and comprehensive estimate of the natural history of anal
HPV infection. Finally, the Markov model allowed us to more
appropriately describe the dynamic process of HPV infection.
The study also has some limitations. First, we assumed that the
Markov model had a constant transfer probability from one state
to another, independent of the time of transfer between states.
However, the transfer rate of HPV was unlikely to have remained
constant over a long observation period. Second, as with most
studies, we could not really distinguish between new infection
initiation and clearance and reactivation/suppression due to viral
latency and immunity. Finally, this is an observational study and
the results of this study may therefore be subject to unobserved
confounding factors.

CONCLUSION

Our study provides new data to explore the natural history and
risk factors of anal HPV infection in HIV-negative MSM. This
study found that anal HPV infection is common in HIV-negative
MSM population. Our finding also confirms the most oncogenic
character of HPV16 and the unusually high prevalence of HPV6.
This emphasize the need to implement immunization programs
in HIV-negative MSM to reduce the burden of HPV infection and
related disease in MSM.

In addition, condom use and frequency of anal sex which are
modifiable behavioral factors, should be included in preventive
interventions to reduce the incidence of HPV infection and
related diseases.
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