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Background. We aimed to assess whether sexual exposure may explain all incident anal human papillomavirus (HPV) detec-
tions among men who have sex with men (MSM).

Methods. A longitudinal study among MSM was conducted between 2010 and 2013 with visits every 6  months and up to 
24 months of follow-up. Risk-factor questionnaires, blood samples, and anal and penile self-swabs were collected at each visit. Self-
swabs were used for detection and genotyping of HPV by the broad spectrum L1 based SPF10 PCR DNA/enzyme immunoassay 
LiPA25 system. Serum samples were tested for high-risk HPV (hrHPV) antibodies. Incident anal HPV detection rates among sexually 
non-, low, and highly exposed MSM were compared. Factors associated with incident anal hrHPV detection were assessed using 
multivariable Cox regression.

Results. Seven hundred fourteen men (median age, 40 years; 39% human immunodeficiency virus [HIV] infected) were included 
in the analysis. Incident anal detections of all hrHPV types were observed among both sexually nonexposed and exposed MSM. In 
multivariable analyses, being highly sexually exposed, being HIV infected, and having a penile HPV infection were positively asso-
ciated with incident anal HPV detection; those reporting more sex partners had a nonsignificantly increased risk of HPV detection.

Conclusions. Incident anal hrHPV detection is common among recently nonexposed MSM, suggesting that a reactivated latent 
HPV infection instead of an incident infection may underlie incident HPV detection.
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Human papillomavirus (HPV) infections are very common 
among sexually active people [1]. Persistent high-risk HPV 
(hrHPV) infections of the cervix and anus are associated with 
high-grade dysplasia and cancer [2, 3]. Only a small proportion of 
all HPV infections persist. Up to 90% of all high- or low-risk HPV 
infections become undetectable after acquisition within about 
2 years [4–6]. It is generally assumed that undetectable infections 
are cleared, but latency may provide another explanation [7–10].

Typically, individuals with a positive HPV DNA test are con-
sidered to be HPV infected, whereas a negative HPV DNA test 
represents HPV-uninfected individuals [7]. To avoid false-nega-
tive test results, some studies require at least 2 consecutive neg-
ative tests to declare clearance. However, ≥2 negative test results 

do not rule out an HPV infection as HPV might persist in tissues 
below the limit of detection, displaying viral latency [7].

The current analysis aims to increase understanding of the 
meaning of incident anal hrHPV detection among men who 
have sex with men (MSM) by using data of the longitudinal 
HPV in HIV-Negative and HIV-Positive Infected MSM (H2M) 
study. We assessed the incidence of anal hrHPV infections in 
MSM in relation to the level of sexual exposure.

METHODS

The current study is based on data from the H2M study, a longitu-
dinal cohort study with a follow-up time of 24 months. The overall 
aim of the H2M study was to assess the epidemiology of HPV in 
human immunodeficiency virus (HIV)–negative and HIV-infected 
MSM. Details on enrollment, data collection, HPV DNA detection 
and genotyping, and HPV serology were previously described [11–
13]. Upon cohort entry, all men reported having had sex with men.

Study Participants

Between July 2010 and July 2011, 317 HIV-infected and 461 
HIV-negative men aged ≥18  years were enrolled in the H2M 
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study [11]. All participants provided written informed con-
sent prior to participation. The Medical Ethics Committee of 
the Academic Medical Center Amsterdam approved the H2M 
study.

Data Collection

Data were collected at baseline and at 6-month intervals 
for up to 24  months. At each visit, participants completed 
a self-administered questionnaire regarding sociodemo-
graphic characteristics, health-related issues, and sexual 
behavior. Participants collected 1 anal and 1 penile shaft self-
swab during each visit. In addition, a venous blood sample 
was collected for serum antibody testing. HIV-related data 
(CD4 cell count, HIV RNA load, and use of combination 
antiretroviral therapy [cART]) were obtained, at baseline, 
from the Dutch HIV Monitoring Foundation’s national HIV 
patient database [14].

HPV DNA Detection and HPV Serology

Anal and penile swabs were tested and typed using the highly 
sensitive broad spectrum L1 based SPF10 PCR DNA/enzyme 
immunoassay LiPA25 system (version 1, Labo Biomedical 
Products, Rijswijk, the Netherlands), which is able to rec-
ognize at least 68 HPV genotypes [15]. Serum samples of 7 
hrHPV types (16, 18, 31, 33, 45, 52, and 58) were tested for 
HPV antibodies to the major HPV capsid protein L1 by a 
virus-like particle–based multiplex immunoassay [16–18].

Statistical Methods

For analyses we focused on 7 hrHPV types: 16, 18, 31, 33, 45, 
52, and 58. Detection of type-specific incident anal HPV DNA 
(hereafter referred to as incident anal HPV detection) was 
defined as an HPV-positive visit preceded by at least 2 con-
secutive HPV-negative visits for this specific HPV type. We 
assumed that incidence occurred at the midpoint between the 
date of the last negative sample and the date of the positive 
sample. For type-specific HPV detection rates, only partici-
pants at risk for type-specific incident anal HPV detection were 
included. Men were considered at risk if they completed at least 
3 visits and were negative for this specific HPV type on their 
first 2 study visits. Time at risk for an HPV type ended when 
that specific HPV type was detected using the midpoint date, 
or at the date of the last collected sample. Type-specific anal 
HPV incident detection rates were calculated by dividing the 
number of incident detections by the number of person-years 
(PY) at risk, and expressed as events per 100 PY with 95% 
confidence intervals (95% CI). The same method was used to 
calculate incident detection rates of type-specific penile HPV. 
To account for possible autoinoculation from penile mucosa, 
we calculated incident anal HPV detection rates in a risk set 
limited to men without penile HPV DNA detection at the 2 
preceding visits or at the current visit.

We calculated anal HPV incident detection rates for MSM 
by recent sexual anal exposure (3 groups). The sexually non-
exposed group included men who reported no receptive and 
no insertive anal intercourse in the 6 months prior to the visit, 
and were not rimmed and not fisted within this period. High 
sexual exposure was defined as reporting ≥2 anal sex partners 
(receptive and/or insertive anal intercourse) and having been 
rimmed and/or fisted in the 6 months prior to the visit. Low 
exposure was defined as having had anal sex or having been 
rimmed and/or fisted but not meeting the criteria for high 
sexual exposure. A  sensitivity analysis was performed using 
a stricter definition of exposure status: no receptive and no 
insertive anal intercourse in the 12 months prior to the visit, 
and not rimmed and not fisted within this period. Although 
condoms protect against most sexually transmitted infections, 
condoms only partially protect against HPV infections [19, 
20]. Therefore, reported condom use was ignored in the defini-
tions of anal sexual exposure, meaning that men reporting anal 
intercourse were regarded as exposed, whether they had used 
condoms or not.

Univariable and multivariable Cox proportional hazard regres-
sion analyses using the Wei-Lin-Weissfeld method were used to 
assess risk factors for incident anal HPV detection [21]. This 
method is an elaboration of Cox proportional hazard regression 
with generalized estimating equations and an exchangeable cor-
relation structure, which adjusts for correlations between mul-
tiple observations within a subject; a subject is simultaneously 
at risk for up to 7 different hrHPV events and at risk for each 
event until this event occurs [21]. All variables that were associ-
ated with incident anal HPV detection (P value < .2, Wald test) 
in univariable analyses were included in the multivariable model; 
some variables were forced into the multivariable model because 
they were a priori considered relevant based on literature or our 
specific research question: sexual exposure status (the main vari-
able of interest), number of lifetime male sex partners [22–24], 
HPV serostatus [10, 25, 26], and HIV status [27, 28]. Other (can-
didate) variables included demographic and health-related char-
acteristics (age, tobacco smoking, cannabis use in the previous 
6 months, popper use in the previous 6 months, and alcohol use 
in the previous 6  months) and sexual behavior characteristics 
(age at first anal intercourse and years since anal sexual debut). 
In addition, penile HPV DNA detection during the 2 preceding 
visits or at the current visit was included as autoinoculation from 
penis to anus is possible. We were not able to take autoinocula-
tion from oral sites to anus into account, as oral HPV status was 
lacking for the fourth and fifth visits. Candidate variables were 
retained in the final multivariable model if they had a P value <.05 
(backward-selection method). Interaction was tested between 
exposure status and all variables that remained in the final model.

Multicollinearity in the multivariable analysis was evaluated 
by a variance inflation factor. A variance inflation factor of ≥10 
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Table 1. Baseline Characteristics of the Study Populationa (N = 714)

Characteristic No. (%)

Sociodemographic characteristics

 Age, y

  ≤34 182 (25.5)

  35–44 321 (45.0)

  ≥45 211 (29.5)

  Median (IQR) 40.1 (34.8–47.4)

 Country of birth

  The Netherlands 572 (81.0)

  Any other country 134 (19.0)

  Missing 8

Health-related characteristics

 Tobacco smoking

  Never 249 (38.4)

  In the past 172 (26.5)

  Current 228 (35.1)

  Missing 65

 Cannabis use previous 6 mo

  No 474 (70.3)

  Yes 200 (29.7)

  Missing 40

 Popper use previous 6 mo

  No 349 (57.1)

  Yes 262 (42.9)

  Missing 103

 Alcohol use previous 6 mo

  No 113 (17.0)

  Yes 552 (83.0)

  Missing 49

 Self-reported history of anal warts

  No 465 (66.2)

  Yes 237 (33.8)

  Missing 12

 HIV infected

  No 439 (61.5)

  Yes 275 (38.5)

 HPV seropositive

  HPV-16 253 (42.8)

  HPV-18 201 (31.6)

  HPV-31 82 (13.6)

  HPV-33 195 (30.8)

  HPV-45 247 (38.1)

  HPV-52 98 (16.1)

  HPV-58 107 (16.1)

 Penile shaft HPV DNA positive

  HPV-16 42 (5.9)

  HPV-18 20 (2.8)

  HPV-31 23 (3.2)

  HPV-33 17 (2.4)

  HPV-45 18 (2.5)

  HPV-52 31 (4.3)

  HPV-58 2 (0.3)

 Penile shaft HPV DNA negative for all above  
HPV types

601 (84.2)

Sexual behavior characteristics

 No. of male sex partners during life

  ≤15 42 (6.3)

  16–50 116 (17.5)

  51–100 118 (17.8)

Characteristic No. (%)

  101–500 224 (33.8)

  ≥501 162 (24.5)

  Median (IQR) 200 (60–500)

  Missing 52

 Age at first anal intercourse, y

  ≤18 198 (30.6)

  19–21 170 (26.2)

  22–25 177 (27.3)

  ≥26 103 (15.9)

  Median (IQR) 21 (18–24)

  Missing 66

 Years since anal sex debut

  ≤10 83 (12.8)

  11–20 293 (45.2)

  ≥21 272 (42.0)

  Median (IQR) 18.4 (13.1–25.6)

  Missing 66

 No. of male sex partners during previous 6 mo

  0 113 (16.1)

  1 184 (26.1)

  2–5 224 (31.8)

  ≥6 183 (26.0)

  Median (IQR) 2 (1–6)

  Missing 10

 Anal intercourse in previous 6 mo

  None 113 (16.0)

  Only insertive 123 (17.4)

  Only receptive 96 (13.6)

  Both insertive and receptive 374 (53.0)

  Missing 8

 Condom use previous 6 mo

  No anal sex 113 (16.1)

  Anal sex, always protected 187 (26.6)

  Anal sex, sometimes protected 285 (40.6)

  Anal sex, never protected 117 (16.7)

  Missing 12

 Being rimmed previous 6 mo

  No 230 (32.6)

  Yes 475 (67.4)

  Missing 9

 Being fisted previous 6 mo

  No 629 (90.1)

  Yes 69 (9.9)

  Missing 16

HIV-related characteristics

 CD4 cell count at enrollment, cells/μL

  ≤350 35 (12.7)

  >350 240 (87.3)

  Median (IQR) 535 (410–690)

 Nadir CD4 cell count, cells/μL

  <200 85 (35.1)

  200–349 108 (44.6)

  ≥350 49 (20.3)

  Median (IQR) 230 (170–320)

  Missing 33

 HIV RNA load

  Undetectable (<50 copies/mL) 182 (78.8)

  Detectable (≥50 copies/mL)  49 (21.2)

Table 1. Continued
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was the criterion used for multicollinearity. No variables in the 
models presented here reached this criterion.

All statistical analyses were performed using Stata version 
13.1 software (StataCorp, College Station, Texas).

RESULTS

Baseline Characteristics

Of the 778 men enrolled in the H2M study, we excluded 64 
(8.2%) men because they had <3 study visits. Remaining in the 
current analysis were 714 (91.8%) men, all at risk for incident 
anal hrHPV detection, given they were negative for at least 1 
hrHPV type on their first 2 study visits. Excluded men had 
more male sex partners in the previous 6  months (P  <  .001), 
were more often HIV infected (P < .001), had a lower nadir CD4 
cell count (P  =  .03), and had more often a detectable plasma 
HIV RNA load (P < .001).

Table  1 presents the distribution of sociodemographic, 
health-related, sexual behavior, and HIV-related characteristics 

at baseline of men included in this study. At enrollment, the 
median number of lifetime male sex partners was 200 (inter-
quartile range [IQR], 60–500), and the median number of male 
sex partners in the previous 6 months was 2 (IQR, 1–6). Two-
thirds (n  =  470 [66.6%]) reported receptive anal sex (with or 
without insertive anal sex) in the 6 months before enrollment. 
For most HIV-infected men, HIV RNA load was undetectable 
(182 of the 275 HIV-infected participants), and 86.9% were 
on cART.

Type-Specific Incident Anal HPV Detection by Anal Sexual Exposure

The 714 included men contributed 3444 visits with informa-
tion on anal and penile swabs typed for HPV. For 257 visits 
(7.5%), there were incomplete data on sexual exposure status, 
leaving 3187 visits with information on sexual exposure. Of 
these, 371 visits by 157 men were regarded as sexually non-
exposed in the preceding 6  months, 1339 visits by 494 men 
as low sexually exposed and 1477 visits by 481 men as highly 
sexually exposed. Some men contributed visits to >1 exposure 
group. In total, there were 354 incident anal hrHPV detections. 
The most frequently detected incident HPV types were HPV-
31 and HPV-52 (ie, each nearly 20% of detections). Person-
years at risk varied by HPV type. The mean time at risk was 
1.3 years (range, 0.1–2.2 years). Table 2 shows the type-specific 
incident anal HPV detection rates stratified by sexual expo-
sure. For the highly sexually exposed group, HPV-31 had the 
highest incidence detection rate with 13.6 cases per 100 PY, fol-
lowed by HPV-52 (12.3/100 PY). For the low and non–sexually 
exposed groups, HPV-52 had the highest incidence detection 
rate (6.9/100 PY and 6.6/100 PY, respectively). The next high-
est incidence detection rate in the sexually nonexposed group 

Table 1. Continued

Characteristic No. (%)

  Missing 44

 Use of cART

  No 31 (13.1)

  Yes 205 (86.9)

  Missing 39

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: cART, combination antiretroviral therapy; HIV, human immunodeficiency 
virus; HPV, human papillomavirus; IQR, interquartile range.
aStudy population was men at risk for an incident anal high-risk HPV detection. Men at risk 
are all men with ≥2 consecutive HPV type-specific negative tests followed by an HPV test, 
which can either be positive or negative for at least 1 of the high-risk HPV types.

Table 2. Number of Incident Anal High-Risk Human Papillomavirus (HPV) Detectionsa, Incidence Detection Rates, and Incidence Detection Rate Ratios 
of Type-Specific Anal High-Risk HPV Types

HPV Type

Total Sexually Nonexposed MSMb Low Sexually Exposed MSMc Highly Sexually Exposed MSMd

Highly Sexually 
Exposed MSM vs 
Nonexposed MSM

Total No. of Incident 
Detections

No. of Incident 
Detections

Incidence Rate per 
100 PY (95% CI)

No. of Incident 
Detections

Incidence Rate per 
100 PY (95% CI)

No. of Incident 
Detections

Incidence Rate per 
100 PY (95% CI) IRR (95% CI) P Value

HPV-16 56 5 5.7 (2.4–13.6) 19 5.6 (3.6–8.8) 32 9.9 (7.0–14.0) 1.8 (.6–4.5) .24

HPV-18 47 2 2.1 (.5– 8.4) 18 4.9 (3.1–7.7) 27 7.4 (5.1–10.7) 3.5 (.8–14.8) .07

HPV-31 68 5 5.6 (2.3–13.4) 20 5.9 (3.8–9.1) 43 13.6 (10.1–18.3) 2.4 (1.0–6.1) .05

HPV-33 38 3 3.0 (1.0–9.3) 10 2.7 (1.4–4.9) 25 6.8 (4.6–10.1) 2.3 (.7–7.5) .17

HPV-45 52 2 2.0 (.5–8.0) 17 4.6 (2.8–7.4) 33 3.6 (6.5–12.9) 4.6 (1.1–19.1) .02

HPV-52 70 6 6.6 (3.0–14.8) 24 6.9 (4.6–10.3) 40 12.3 (9.1–16.8) 1.9 (.8–4.4) .15

HPV-58 23 4 3.8 (1.4–10.2) 5 1.3 (.5–3.0) 14 3.5 (2.1–5.9) 0.9 (.3–2.8) .87

Significant results (P < .05) are represented in bold font.

Abbreviations: CI, confidence interval; HPV, human papillomavirus; IRR, incidence rate ratio; MSM, men who have sex with men; PY, person-years.
aAn incident anal high-risk HPV detection was defined as a positive HPV test result preceded by at least 2 consecutive HPV negative visits of that specific high-risk HPV type.
bSexual nonexposure was defined as reporting no receptive and no insertive anal sexual exposure (ie, no anal intercourse, not being rimmed, not being fisting) in the 6 months prior to the 
visit. Data of 157 men were included.
cLow sexual exposure was defined as reporting sexual exposure in the 6 months prior to the visit (receptive and/or insertive anal intercourse or having been fisted and/or having been 
rimmed), but not meeting the criteria for high sexual exposure. Data of 494 men were included.
dHigh sexual exposure was defined as reporting ≥2 anal sex partners (receptive and/or insertive anal intercourse), and having been fisted and/or rimmed in the 6 months prior to the visit. 
Data of 481 men were included.
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was found for HPV-16 with 5.7 cases per 100 PY. This was 
comparable to the HPV-16 detection rate for the sexually low 
exposed group (5.6/100 PY). Among highly sexually exposed 
men, the HPV-16 incidence detection rate was higher (9.9/100 
PY; P = .24). For all assessed HPV types, except HPV-58, the 
incident anal HPV detection rates were higher in the highly 
sexually exposed group than in the sexually nonexposed group 
(Table  2), but this difference was only significant for 1 type. 
Similar patterns were observed with a stricter definition of 
exposure status (Supplementary Table 1).

Subgroup and Sensitivity Analyses

Among HPV-seronegative men no significant differences in 
incidence detections rates were observed between nonexposed 
MSM and highly exposed MSM; neither was this the case 
among HPV-seropositive men (data not shown). Using the 
stricter definition of exposure status (based on the preceding 
12 months) did not change this (data not shown).

Incident penile HPV infections were frequently detected in 
our study population (Supplementary Table 2). An analysis on 
incident anal hrHPV detection was done excluding observa-
tions from men with current or recent penile HPV infection 
(Supplementary Table  3). Incident anal HPV infections were 
also detected among nonexposed men without penile infection.

Risk Factors for Incident Anal HPV Detection

Results from univariable and multivariable models are sum-
marized in Table 3. The multivariable model showed that HIV-
infected men and men with a penile HPV infection were more 
likely to have an incident anal HPV detection. Men who were 
highly sexually exposed were almost 2 times more likely to 
have an incident anal HPV detection than nonexposed men 
(P = .01). The incidence rate in men with low sexual exposure 
was similar compared to that of nonexposed men. HPV serosta-
tus at baseline and lifetime number of sex partners were not 
significantly associated with incident HPV detection. Although 
none of the tested interaction terms were significant (all P > .3), 
we also assessed univariable and multivariable models stratified 
by exposure status (Supplementary Table 4). In the model for 
sexually nonexposed men, no risk factors were associated with 
incident anal HPV detection. For MSM with low sexual expo-
sure, HIV infection was significantly associated with incident 
anal HPV detection in the multivariable model. In the highly 
sexually exposed group HIV infection, penile HPV infection, 
and younger age were associated with incident anal HPV 
detection.

DISCUSSION

This study revealed that incident anal HPV detection is com-
mon in both sexually nonexposed and sexually exposed MSM. 
The incident anal detection rates of individual hrHPV types 
tended to be higher in the highly sexually exposed group than 

in the sexually nonexposed group, but this difference was 
mostly nonsignificant. In multivariable analysis, including all 
7 hrHPV types, recent high sexual exposure was significantly 
associated with incident anal hrHPV detection, as were being 
HIV infected and penile HPV detection. Number of sex part-
ners showed a trend toward significance.

From a naive point of view, one might expect that men 
without recent receptive anal exposure would not have HPV 
detections, or have a very low incident detection rate. However, 
our study demonstrates that sexually nonexposed MSM have 
a considerable incident anal HPV detection rate (eg, HPV-16: 
5.7/100 PY). In a sensitivity analysis using a stricter definition 
of sexual exposure, we found similar patterns. This suggests that 
incident anal HPV detection can occur without recent recep-
tive anal exposure. This finding supports the hypothesis that 
incident detection of anal HPV may be due to reactivation of a 
previous anal HPV infection [7], and does not always represent 
an incident infection.

Other studies also observed incident HPV detections among 
recently sexually inactive individuals [26, 29], but none of 
these studies was conducted among men. One study among 
HIV-infected MSM observed a similar anal HPV detection 
prevalence in sexually inactive MSM compared with sexually 
active MSM [30]. This was a cross-sectional study, reporting 
prevalence rates, which is weaker evidence compared to our 
cohort study reporting incidence rates. Our finding suggests, 
as did other studies [26, 29, 30], that finding HPV detections 
among sexually nonexposed individuals could indicate reac-
tivation of previously acquired HPV. That reactivation is a 
likely explanation for incident HPV detection among sexually 
nonexposed individuals is strengthened by our multivariable 
analysis. We found that having a higher number of lifetime sex 
partners showed a trend toward significance and being HIV 
infected was significantly associated with incident anal HPV 
detections. Both more lifetime sex partners [22–24] and HIV 
infection [27, 28] could be seen as indicators for the probability 
of prior infection. We also expected that having a positive HPV 
serostatus at baseline, a marker for (previous) infection, would 
be positively associated with incident anal HPV detection, 
but we did not find this. Immunosuppression is often invoked 
as explanation for reactivation of a latent HPV infection, as 
immunological control of an acquired type-specific HPV 
infection may be affected by HIV infection. Strickler et al and 
Theiler et al observed strong associations between HPV detec-
tion and markers of immunity [26, 29]. Memory CD4 cells for 
HPV may be important in the control of latent HPV infections, 
as it has been shown before that HPV detection increases rap-
idly after acute HIV infection [31, 32]. Although the CD4 cell 
count generally increases after starting cART in HIV-infected 
individuals, a complete reconstitution of the immune systems 
to preinfection levels usually does not happen [33]. If immune 
memory controls HPV infections below limits of detection 
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Table 3. Associations Between Incident Anal High-Risk Human Papillomavirus Detectiona and Possible Risk Factors

Characteristic

Univariable Multivariableb,c

HR (95% CI) P Valued aHR (95% CI) P Valued

Sociodemographic characteristics

 Age group, y .62

  ≤34 Ref

  35–44 0.92 (.68–1.25)

  ≥45 0.85 (.61–1.18)

Health-related characteristics

 Tobacco smoking .25

  Never Ref

  In the past 0.78 (.56–1.09)

  Current 1.03 (.78–1.37)

 Cannabis use previous 6 mo 1.33 (1.02–1.76) .04e

 Popper use previous 6 mo 1.72 (1.32–2.21) <.001e

 Alcohol use previous 6 mo 1.32 (.96–1.85) .09e

 HPV seropositive at baseline 1.09 (.85–1.41) .49e 0.89 (.67–1.17) .39

Sexual behavior characteristics

 Anal sexual exposure (6 mo)f <.001e

  Sexually nonexposed Ref Ref

  Low sexually exposure 1.14 (.72–1.81) 1.09 (.67–1.79) .73

  Highly sexually exposed 2.22 (1.43–3.42) 1.90 (1.19–3.02) .01

 No. of male sex partners during life  
(per increase of natural log)

1.19 (1.11–1.28) <.001e 1.07 (.98–1.67) .16

 No. of male sex partners during previous 6 mo <.001

  0 Ref

  1 1.12 (.73–1.74)

  2–5 2.00 (1.34–2.98)

  ≥6 2.26 (1.51–3.37)

 Age at first anal intercourse, y .25

  ≤18 Ref

  19–21 0.80 (.57–1.12)

  22–25 0.91 (.65–1.26)

  ≥26 0.68 (.45–.02)

 Years since anal sex debut .39

  ≤10 Ref

  11–20 1.13 (.70–1.82)

  >20 1.31 (.81–2.10)

 Being rimmed previous 6 mo 1.86 (1.41–2.44) <.001

 Being fisted previous 6 mo 1.38 (.92–2.08) .12

 Condom use previous 6 mo <.001

  No anal sex Ref

  Anal sex, always protected 1.42 (.94–2.15)

  Anal sex, sometimes protected 2.23 (1.52–3.26)

  Anal sex, never protected 1.30 (.81–2.08)

 Penile HPV detectiong 1.61 (1.27–2.05) <.001e 1.41 (1.06–1.89) .02

HIV-related characteristics

 HIV infected 1.71 (1.34–2.18) <.001e 1.49 (1.13–1.98) .004

 HIV status and CD4 cell count <.001

  HIV negative Ref

  HIV infected, CD4 ≥350 cells/μL 2.22 (1.43–3.44)

  HIV infected, CD4 200–349 cells/μL 1.70 (1.26–2.30)

  HIV infected, CD4 <200 cells/μL 1.41 (.94–2.11)

Results are from Cox regression analyses using generalized estimating equations. Significant results (P < .05) are represented in bold font.

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HIV, human immunodeficiency virus; HPV, human papillomavirus; HR, hazard ratio; Ref, reference.
aAn incident anal high-risk HPV detection was defined as a positive HPV test result preceded by at least 2 consecutive HPV negative visits of that specific high-risk HPV type.
bBased on data of 630 men.
cInteraction was tested between anal exposure status and all variables in the final model; no such interactions were detected (all P > .3).
dBased on Wald test.
eVariables associated at P < .20 or variables forced into the model because they were a priori considered relevant based on previous literature to be included in the multivariable model.
fAnal sexual exposure. Sexually nonexposed was defined as men reporting no receptive and no insertive anal sexual exposure (ie, no anal intercourse, not being rimmed, not being fisting) 
in the 6 months prior to the visit. Low sexual exposure was defined as reporting sexual exposure in the 6 months prior to the visit (receptive and/or insertive anal intercourse or having been 
fisted and/or having been rimmed), but not meeting the criteria for high sexual exposure. High sexual exposure was defined as reporting ≥2 anal sex partners (receptive and/or insertive anal 
intercourse), and having been fisted and/or rimmed in the 6 months prior to the visit.
gPenile HPV detection at 12 and/or 6 months prior to current visit and/or at current visit.
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under normal conditions, immune system weakening may 
allow an increase or restart of HPV viral replication resulting 
in (renewed) HPV detection. In line with the studies referred 
to above, we found that incident anal HPV detection was more 
likely in HIV-infected MSM. We also considered lifetime num-
ber of male sex partner as an important potential risk factor for 
anal HPV detection, since it can be seen as proxy for past HPV 
exposure [22–24]. In the current study, we observed a (nonsig-
nificant) increased risk for incident anal HPV detection with 
increasing number of lifetime sex partners. A possible expla-
nation for not finding a strong association could be saturation 
of risk for anal HPV, as our study population is very sexually 
active; only 3.6% had ≤10 lifetime sex partners.

Having a penile HPV infection was positively associated 
with incident anal HPV detection. Since autoinoculation from 
other epithelial sites could also contribute to a fraction of inci-
dent HPV detections [34], we assessed penile infection during 
the 2 preceding visits and/or the current visit. We found that 
MSM with a penile infection had an increased risk of incident 
anal HPV detection (hazard ratio, 1.41 [95% CI, 1.06–1.89]). 
This is in agreement with a recent study based on mathematical 
modeling of genital male infections by Ranjeva et al [34], which 
concluded that observed epidemiological patterns could only 
be explained by autoinoculation or latency. Unfortunately we 
were not able to incorporate autoinoculation from other sites 
such as the oral cavity, since oral HPV status was missing for the 
fourth and fifth visits.

The current study adds to the understanding of anal HPV 
viral latency. Our study is among the first with longitudinal 
data among men that combines HPV status with detailed 
information about sexual exposure. This enabled us to eval-
uate differences in incident anal HPV detections among sub-
groups of MSM with low and high sexual risk for recent HPV 
infection, by using a sexual exposure definition that carefully 
considered all relevant exposures. Another strength was the 
strict definition of incidence. We required that one should 
have at least 2 consecutive hrHPV type-negative tests to be 
at risk for incidence for that HPV type. A  proper charac-
terization of truly incident anal HPV infections would have 
required that we would have observed our study population 
from the onset of sexual exposure, which is (in most cases) 
not feasible. The various sensitivity analyses (stricter defini-
tion of sexual exposure, incidence stratified by baseline HPV 
serostatus, and analysis excluding men with possible autoin-
oculation) did not lead to different results, thus strengthening 
our findings.

Some limitations of this study must be recognized. We 
required at least 3 visits to be included in our analysis. This led 
to an important difference between participants included in our 
analyses and those excluded. Excluded men were significantly 
more often HIV infected compared to included men. This may 
have reduced power to find associations, but should not have 

affected the strength of observed observations. A second limita-
tion is that we were unable to estimate the proportion of HPV 
detections caused by reactivation of previous (sexually) acquired 
infections in the sexually exposed groups. The most likely expla-
nation for HPV detection in these groups is (new) recent sexual 
exposure. This combined sexual exposure (past and recent) as 
explanation for newly detected HPV infections is also suggested 
by other studies [24, 35]. González et al, in a study among women 
in Costa Rica, could only explain 21% of the incident infections 
by new sex partners; another 21% was explained by the lifetime 
number of sex partners [35]. Furthermore, false-negative HPV 
tests may have overestimated the incidence rate in the nonex-
posed group. However, we limited the risk of false-negatives by 
using an incidence definition requiring 2 consecutive preceding 
HPV negative visits; a single negative test can be due to chance. 
Another limitation is that our HPV detection was on type level, 
therefore we could not exclude that someone could become 
infected with another variant of the same HPV type. Analysis 
on HPV molecular variant incidence would be more accurate. 
In the current study, we did not report separate incident HPV 
detection rates for HIV-infected and HIV-uninfected MSM, as 
the number of type-specific HPV events was too low to compare 
reliable estimates. The last limitation is that our exposure group 
classification relied on self-reported sexual behavior. However, 
considering the high HPV incident detection rates among sex-
ually nonexposed men, it would have required a gross misinter-
pretation among a large proportion of participants to account 
for these incidence rates. In addition, we were unable to account 
for exposure/transmission by sex toys in our exposure definition 
[36] as our questionnaire lacks questions about sex toys or other 
stimulation methods.

In conclusion, we observed high incident anal HPV detection 
rates among recently sexually nonexposed MSM. This strongly 
suggests that (re-)detection of anal HPV in MSM may be due to 
reactivation of an anal HPV infection and is not always a truly inci-
dent infection. This may have implications for the interpretation of 
longitudinal studies on incidence and clearance of anal HPV.

Supplementary Data

Supplementary materials are available at The Journal of Infectious 
Diseases online. Consisting of data provided by the authors to 
benefit the reader, the posted materials are not copyedited and 
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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