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Risk factors for anal human papillomavirus infection type 16
among HIV-positive men who have sex with men in San
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Abstract

Background and Objective—HIV-positive men who have sex with men (MSM) are at high
risk of anal cancer compared with the general population. Human papillomavirus (HPV) infection,
particularly HPV 186, is causally associated with anal cancer. However, risk factors for anal HPV
16 infection are poorly understood. We determined the prevalence and risk factors for anal HPV
16 infection in a population of HIV-positive MSM, most of whom were being treated with
antiretroviral therapy.

Design—Cross-sectional data from the baseline visit of a 4-year prospective cohort study.

Methods—348 HIV-positive MSM were recruited in San Francisco and received a detailed
sexual behavior risk-factor questionnaire. An anal swab was used to collect specimens for HPV
type-specific DNA testing using L1 HPV DNA PCR. We used log-binomial multivariable models
to determine risk factors for anal HPV 16 infection.
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Results—92% of HIV-positive MSM had at least one anal HPV type, 80% had at least one
oncogenic HPV type and 42% had HPV 16. Non-Hispanic white race and higher level of
education were associated with a decreased risk of HPV 16 infection. A higher number of total
male partners was associated with HPV 16 (RR: 1.6, 95%CI 1.1-2.4, p=0.01) for 201-1000
partners compared with 1-200. Injection drug use (IDU) was independently associated with anal
HPV 16 infection (RR: 1.5, 95%CI 1.2-1.9, p=0.003).

Conclusions—The prevalence of anal HPV infection, including HPV 16, is high in HIV-
positive MSM. HIV-positive MSM should be counseled about the risk associated with increased
partners and IDU.

Keywords
Human papillomavirus; HPV; HIV/AIDS; men who have sex with men; MSM; anal cancer

Introduction

The incidence of anal cancer is substantially higher among HIV-negative men who have sex
with men (MSM) than among men in the general population, with an incidence of up to 37
per 100,000 [1]. Among MSM who are also HIV-positive, the incidence rates have been
reported to be even higher at 131 per 100,000 [2]. The high rates of anal cancer in this
population have not been reduced by antiretroviral therapy (ART), and several papers have
documented that the incidence of anal cancer has stayed high or continued to rise, even after
the introduction of ART [277].

Similar to cervical cancer, which is preceded by high-grade cervical intraepithelial neoplasia
(CIN 2 or 3), anal cancer is preceded by high-grade anal intraepithelial neoplasia (HGAIN,
AIN 2 or 3). Consistent with the anal cancer data, HIV-positive MSM have higher rates of
HGAIN than HIV-negative MSM [8713]. Furthermore, anal cancer and AIN are associated
with human papillomavirus (HPV) infection, particularly HPV 16 infection. Approximately
90% of anal cancers have detectable HPV DNA,; two-thirds of those have HPV 16 and
another 9 percent have HPV 18 [14]. The US Food and Drug Administration (FDA) recently
approved an HPV vaccine that has been shown to be effective in preventing HGAIN and
anal HPV 16 and 18 infection in healthy MSM [15], and thus a large proportion of anal
cancers are potentially preventable through vaccination.

Consistent with the increased risk of anal cancer and HGAIN, multiple studies have shown
that MSM are at high risk for anal HPV infection and that HIV-positive MSM are at even
greater risk than HIV-negative MSM [11: 13: 16-21]. The prevalence of anal HPV infection
in HIV-negative MSM has been reported to be between 32% and 60% [19' 22725] and
almost all HIV-positive MSM have detectable anal HPV infection [19' 26: 27]. A recent
meta-analysis that included 21 studies of HIV -positive MSM reported a summary
prevalence estimate of any HPV infection of 92.6% (90.8-94.5) [28].

Cervical HPV infection in women is sexually transmitted [29] and there is convincing
evidence that penile HPV infection also is sexually transmitted in men. Younger age of first
sexual experience [30], anal intercourse [19: 25 31], and number of sexual partners [25' 32~
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34] all have been shown to increase the risk of penile HPV infection in both heterosexual
men and MSM. However, there are few data available on risk factors for anal HPV infection
among men, including anal HPV 16 specifically, but sexual routes such as receptive anal
intercourse have been associated with increased risk of anal HPV infection [16: 19+ 35].

Epidemiologic assessment of risk factors for anal HPV infection of any type has been
limited by the high proportion of this population that is anal HPV positive. Most previous
studies that investigated the relationship between sexual behaviors and anal HPV infections
also have been limited in the number and types of sexual behaviors assessed, and often have
not distinguished between insertive and receptive anal intercourse. Additionally, many
studies have not controlled for potential confounding factors when assessing the relationship
between sexual practices and anal HPV infection. We previously conducted a cross-sectional
study prior to the introduction of antiretroviral therapy (ART) and showed that 93% of HIV-
positive MSM had anal HPV infection and 38% were infected with HPV 16 [20]. Here we
report the results from the baseline visit of a prospective study designed to assess the natural
history of anal HPV infection among MSM to better understand sexual risk factors in the
post-ART era. The goal of this analysis was to identify sexual behaviors associated with
prevalent anal HPV infection in HIV-positive MSM, many of whom were receiving ART.
We focused our analysis on HPV 16, because HPV 16 is the type most associated with anal
cancer.

Methods

HIV-positive MSM were recruited to participate in a 4-year prospective follow-up study
conducted by the University of California, San Francisco (UCSF), through newspaper
advertisements and other community outreach. Participants were enrolled from 1998-2001.
At the baseline visit, 348 participants completed an interviewer-administered questionnaire
and clinical examination that included collection of two anal swabs to test for HPV and for
cytology. All participants also had high-resolution anoscopy (HRA) to detect anal lesions.
Blood was collected for CD4+ lymphocyte counts that were measured by standardized two-
or three-color fluorescence methods. Plasma HIV viral load (HIV VL) was measured using
the branched-chain Chiron assay (Chiron, Emeryville, California, USA). All procedures
were performed after obtaining written informed consent from each study participant. The
study was approved by the UCSF Committee on Human Research.

Tests for HPV anal infection were performed as described previously using the polymerase
chain reaction (PCR) with L1 consensus primers and probes specific for 29 individual HPV
types and a mixture of 10 other types [19]. Beta-globin-negative samples (n=30) were
excluded from analysis. We report the prevalence of each type separately, the prevalence of
infection with any oncogenic HPV type, and the prevalence any HPV infection defined as
positive with the consensus probe mixture. We defined infection with an oncogenic HPV as
a positive test for at least one of the following HPV types: 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59, 68, 73, and 82 [36]. No HPV vaccine was available for use in men at the time of
participant enrollment.
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Assessment of potential risk factors

Demographics, lifestyle characteristics (including smoking, alcohol and recreational drug
use), medical history including self-reported history of sexually transmitted infections,
prescription medication use and history of sexual behavior were collected through an
interviewer-administered questionnaire. We asked about sexual behaviors in two time
periods: lifetime and within the past 30 days. Men were queried about multiple types of
sexual behaviors including sex with men and women, “insertive” anal intercourse
(participant inserts his penis into partner’s anus) and “receptive” anal intercourse
(participant receives his partner’s penis into his anus), oral-anal contact (“rimming,”
participant’s anus receives contact from partners mouth), and use of objects in the anus.

Statistical analysis

Results

Characteristics thought to be related to prevalent HPV infection were examined for
association with HPV 16. Bivariable associations between anal HPV infection (no oncogenic
types, oncogenic types other than HPV 16, and HPV 16) were assessed through chi-square
tests, analysis of variance (ANOVA) or ranked ANOVA as appropriate. Relative risks (RRS)
for HPV 16 were estimated using log-binomial regression. Robust variance approximation
was used to determine the 95% confidence intervals (Cls) for the RR estimates. We selected
potential sexual risk factors to analyze, as well as potential confounders a priori, based on a
review of the literature of existing risk factors for HPV infection in men and women.
Because the sexual risk behaviors were correlated (r>=0.5) and thought to be on similar
causal pathways, they were each evaluated in separate multivariable models. Multivariable
models were constructed for the association of each of the selected sexual risk factors with
HPV 16 adjusted for age, race, education, ever smoked 100+ cigarettes, and CD4+ level.
Tests for trend were computed, where appropriate, by assigning ordinal dose-specific
categories, fitting this variable as a continuous linear term and testing the significance of the
regression coefficient using the likelihood ratio test. Model fit was assessed using the
Hosmer-Lemeshow goodness-of-fit test for log-binomial models [37].

A total of 348 HIV-positive men were evaluated for anal HPV infections and of these,
samples from 30 (8.6%) were found to be B-globin negative and excluded from further
analyses. The average age of the 318 men included in the analyses was 43 years, 88% were
non-Hispanic white, 2% were black, 7% were Hispanic, and 1.6% were Asian (Table 1).
Sixty-six percent of men had completed college, 52% reported smoking more than 100
cigarettes in their lifetime and 87% reported drinking alcohol in the past 12 months.

Only 9% of our study population had been diagnosed with HIV in the past 12 months. The
mean CD4+ level was 446 cells/mL. Seventeen percent had a CD4+ level less than 200
cells/mL, 47% had 200-500 cells/mL, and 36% had more than 500 cells/mL. Most of our
participants had HIV viral load levels of <500 (54%) copies/mL, the limit of detectability at
the time of the study. Most participants (83%) were taking antiretroviral medications for
their HIV disease at the time of the study.
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Participants self-reported a high number of lifetime sexual partners (Table 2). Over 70% said
that they had more than 200 total lifetime male partners and 29% had more than 200 lifetime
male partners with whom they were the receptive partner. Almost all men (93%) reported a
history of receptive oral-anal contact (rimming) and 61% said that they had had objects
inserted in the anus in the past 5 years.

Prevalence of anal HPV

The overall and type-specific prevalence of anal HPV infection are presented in Figure 1.
92% of men tested positive for at least one type of HPV. The five most common types were
HPV 6 (45%), HPV 16 (42%), HPV 11 (31%), HPV 33 (30%) and HPV 18 (20%).
Oncogenic HPV infection was very common with 80% of men positive for at least one
oncogenic HPV type. Multiple HPV infections also were common with a mean of 5 HPV
types among participants positive for at least one identifiable HPV type.

Risk factors for anal HPV 16 infection

Table 3 presents the unadjusted and adjusted associations of risk factors for anal HPV 16
infection. In unadjusted bivariable analyses, education, smoked 100+ lifetime cigarettes,
history of IDU, history of anogenital gonorrhea infection, lower CD4+ level, higher total
lifetime male partners, and higher total lifetime partners with whom the participant was the
insertive partner were significantly associated with anal HPV 16 infection (p < 0.05).
Bivariable associations between the above risk factors and anal HPV infection (no oncogenic
types, oncogenic types other than HPV 16, and HPV 16) were similar to associations found
in Table 3 (see Table, Supplemental Digital Content 1).

Non-Hispanic white participants had significantly lower risk of having anal HPV 16
infection after adjustment for age, education, smoking and CD4+ level (adjusted relative risk
(aRR): 0.5, 95% CI: 0.03-1.0). Education was also associated with a lower risk of anal HPV
16 infection when participants who completed college were compared with those who did
not (aRR 0.7, (0.5-0.9)). When participants who completed graduate school were compared
with those who did not complete college, a similar aRR was found, although the 95% CI
overlapped unity.

A history of IDU (intravenous drug use/intravenous drug users) was associated with an
increased risk of anal HPV 16 infection with an aRR of 1.5 (1.1-1.9). Although other
recreational drug use was prevalent in this population, none of the other drugs examined
were found to be statistically significantly associated with anal HPV 16. A history of an
anogenital gonorrhea infection also was associated with an increased risk of anal HPV 16
(@aRR 1.7 (1.2-2.5)).

Among the sexual risk factors examined, total lifetime number of male partners increased
risk of infection with an aRR of 1.6 (1.1 — 2.4) when 201-1000 partners was compared with
1-200 partners and an aRR of 1.5 (1.0 — 2.2) when 1000+ partners was compared with 1-
200 partners (although the latter 95% CI overlapped unity).

A history of smoking more than 100 lifetime cigarettes and CD4+ level did not retain
statistical significance in multivariable adjusted models. HIV VL, receptive male partners (in
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any time period), oral-anal contact, use of objects in the anus, and total male partners in the
past 30 days were not associated with anal HPV 16 infection in either unadjusted or adjusted
analyses. Tests for trend were not statistically significant in for any variable examined. The
Hosmer-Lemeshow goodness-of-fit test showed no evidence of lack of fit (p-values all were
above 0.05).

Discussion

The results of this study support the findings from our earlier pre-ART study of a high
prevalence of anal HPV infection among HIV-positive MSM in San Francisco. In this
population of HIV-positive men where 80% were taking ART, almost all men had a
prevalent case of anal HPV infection and 80% were positive for at least one oncogenic HPV
type. This is consistent with other recent studies that also found a high prevalence of anal
HPV in HIV-positive MSM in the post-ART era. Chin-Hong (2008) found a prevalence of
88% among the HIV-positive MSM in their population-based San Francisco based study
[24]. De Pokomandy et al (2009) found an even higher prevalence of anal HPV with 98% of
their Canadian HIV-positive MSM [26]. An Australian study and a recent French study both
also had similarly high prevalence of anal HPV in their HIV-infected MSM [27: 38] and a
recent meta-analysis computed a summary prevalence estimate of 92.6% (90.8-94.5) [28].
This very high prevalence is of great concern in these populations given the strong
correlation between anal HPV and anal cancer. Antiretroviral medications have not been
shown to impact the risk of anal cancer in HIV-positive populations [39] and based on our
data and those of others, ART also does not seem to impact the prevalence of anal HPV in
HIV-positive MSM.

We chose to examine risk factors for HPV 16 as an individual type because it is biologically
more aggressive than the other HPV types, it is the most common HPV type in anal cancer,
and it is also more likely to be associated with HGAIN [40]. In our analysis, we found that
HIV-positive MSM who reported being non-Hispanic white had a lower risk of anal HPV 16
infection than those of other racial/ethnic backgrounds. This is in contrast to reports where
non-Hispanic whites in the general population generally have higher anal cancer incidence
rates [41' 42]. Men who had completed college also had lower risk of HPV 16 infection.
Race and education were correlated and non-Hispanic white men were more likely to have
completed college and graduate school (data not shown). The associations seen with race
and education may be markers of socio-economic status. Individuals with lower socio-
economic status are known to have increased risks of many poor health outcomes [43745].
However, there may be other factors not explored here or a direct association between race
and HPV infection and more work is needed in this area before a conclusion can be made.

Having a self-reported history of any anogenital gonorrhea infection was associated with an
increased risk of anal HPV 16 infection, although there was no increase in risk associated
with anal gonorrhea, specifically. Having a sexually transmitted infection such as gonorrhea
is likely to be a marker for having had a high number of sexual partners. Among our
participants, men who had 1000 or more lifetime partners were 2.5 times more likely to have
had an anogenital gonorrhea infection than men with 0-100 partners (data not shown,
p=<0.01). However when a multivariable model was run that included anogenital gonorrhea
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and number of total male partners, anogenital gonorrhea remained significant in the model
(data not shown). There may be some biological interaction between the two infections or
perhaps in an immune response to the infections. Because this is a cross-sectional analysis,
we do not know which infection came first and this relationship should be further evaluated
in longitudinal analyses.

These analyses identified a potentially new risk factor for HPV 16 infection, injection drug
use. In our multivariable model, IDU was associated with HPV 16 infection with a 50%
increased risk of anal HPV 16 infection for HIV-positive MSM who are IDU. We ran
secondary analyses including total number of male partners or total number of receptive
partner to the final adjusted model including IDU. The addition of either variable did not
change the RR or increase the p-value to a non-significant level (data not shown). This result
is consistent with an earlier study that found that 46% of heterosexual HIV-positive IDU had
anal HPV infection in the absence of receptive anal intercourse [21]. This same study
reported that the median CD4+ level was significantly lower in the IDU group than the non-
IDU HIV-positive MSM comparison group. Although our results were adjusted for CD4+
level this may suggest that there is a biological interaction between immune status and IDU.
Another possibility is that IDU engaged in riskier sex behaviors. It has been observed that
men who use injection drugs are less likely to use condoms than men who are not IDU [46].
Another study had findings consistent with ours, although among HIV-negative MSM [35].
Chin-Hong et al investigated risk factors for AIN and found an odds ratio of 17 for
participants reporting IDU =2 times per month in the past 6 months than those who had
never used injection drugs [35]. HIV-positive MSM who also are IDU may have an even
higher risk of HPV 16 infection, and thus be at a higher risk for anal cancer than those who
do not use injection drugs. This finding should be investigated in future studies and patients
should be queried about injection drug use.

In our analysis, we found an increased risk of anal HPV 16 infection associated with an
increased number of male partners, consistent with previously published studies [16' 47].
This increased risk was found for a higher number partners with whom the participants were
the insertive partner but not the receptive partner. However in our population, only 3 of our
participants reported never having had receptive anal sex and 93% had more than 10 lifetime
receptive partners. Our study sample did not have a comparison group of men ‘unexposed’
to receptive anal sex. Thus, total number of partners may be a better marker for exposure
because it captures both insertive and receptive intercourse, as well as other sexual behaviors
that may provide anal exposure to HPV.

A limitation to this study was that we did not collect condom use as part of the sexual
behavior history. This possible confounder could have masked an association with receptive
intercourse. In addition, because drug users are known to engage in riskier sexual behavior,
such as receptive sex without a condom, this may potentially explain our association with
injection drug use. Men may also have over- or under-reported sexual behaviors to the
interviewer which may have introduced some misclassification of exposure bias into our
estimates, but because men were not aware of their HPV 16 status at the time of the
interview, the bias would likely be toward the null. Also, we compared men with HPV 16
with men who did not have HPV 16, which may have also introduced misclassification bias
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because men with HPV types other than HPV 16 were included in our comparison group.
This would have resulted in reduced RRs and our estimates should be considered
conservative. Another limitation to these analyses is that it was cross-sectional. It is possible
that the risk factors that we identified are not associated with acquisition of infection, but
persistence of infection. Finally because our study focused on HIV-positive MSM living in
San Francisco, a large urban area, our results may not be generalizable to all MSM living in
other areas of the country.

In summary, our data are consistent with existing literature that anal HPV infection is
common among HIV-positive MSM during the era of ART. The high prevalence of HPV 16,
the most common HPV type associated with anal cancer, is of particular concern. Our risk
factor analyses confirmed a role for sexual transmission of anal HPV 16 infection. The
association between IDU and anal HPV 16 infection is notable and should be explored
further. Based on our results and other recent publications, we recommend that HIV-positive
MSM be counseled regarding anal cancer prevention strategies emphasizing safe-sex
behaviors with all partners and include information on the increased risk of anal HPV
infection with an increasing number of male partners. Additionally, public health efforts that
focus on high-risk groups should consider targeting IDU and men of races other than non-
Hispanic white and men who have not completed college.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Prevalence of HPV infection by type among HIV-positive men who have sex with men in
San Francisco, CA. Figure includes only the 318 men whose anal swab specimens were [3-
globin DNA-positive. Men who had more than one prevalent HPV type are included in each

prevalence calculation for which they were positive.
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Table 1

Socio-demographic and lifestyle characteristics of HIV-positive men who have sex with men (n=318) *in San
Francisco, CA

Characteristic (%)
Demogr aphics
Age (years), mean (+ SD) 42,5 (£7.7)
Race/ethnicity
Non-Hispanic white 281 (88.4)
Black 7(2.2)
Asian 5(1.6)
Hispanic 22 (6.9)
Other 3(0.9)
Education
Did not complete college 140 (44)
Completed college 91 (28.6)
Completed graduate school 87 (27.4)
Substance use

Smoked >100 lifetime cigarettes 164 (51.6)

How many days per week drank alcohol

<1 day/week 173 (54.4)

1-2 days/week 81 (25.5)

3-7 days/week 64 (20)
Ever used speed 222 (70)
Ever injection drug use (IDU) 67 (21.1)
Medical history
Ever anal or genital warts 237 (74.5)
Ever any gonorrhea infection 226 (71.3)
CD4+ (cells/mL)

<200 53 (16.9)

200-500 147 (46.8)

>500 114 (36.3)
HIV viral load (copies/mL)

<500 169 (53.8)

500-4000 54 (17.2)

4001-20,000 49 (15.6)

>20,000 42 (13.4)
Currently taking antiretroviral therapy

No 53 (16.9)

Yes 260 (83.1)

*
Includes only those men whose anal swab specimens were -globin DNA-positive.

When totals do not reach 318, data were missing; SD, Standard deviation
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Table 2

Sexual behavior of MSM (n=318) “in San Francisco, CA

Characteristic N (%)
Lifetime sexual behavior
Number of female partners
0 113 (35.5)
1-4 135 (42.5)
5+ 70 (22)
Number of male total partners
1-200 92 (28.9)
201-1000 126 (39.6)
1000+ 100 (31.4)
Number of partners with whom participant is the receptive partner
0-50 142 (45.1)
51-200 80 (25.4)
201+ 93 (29.5)
Number of anal sex partners with whom participant is the insertive partner
0-50 136 (42.9)
51-200 95 (30)
201+ 86 (27.1)
Ever had receptive oral-anal contact (been rimmed by) partner 296 (93.1)
Number of receptive oral-anal contact (rimming) partners
0-10 128 (40.3)
11-50 103 (32.4)
51+ 87 (27.4)
Sexual behavior in past 5 years
Any objects inserted into anus 194 (61)
Sexual behavior in past 12 months
Number of partners with whom participant is the receptive anal sex partner, mean (+SD) 7.5 (+17.3)
Number of partners with whom participant is the insertive anal sex partner, mean (+SD) 6.9 (+15.4)
Sexual behavior in past 30 days
Number of partners with whom participant is the receptive anal sex partner, mean (+SD) 1.2 (+3.3)
Number of partners with whom participant is the insertive anal sex partner, mean (+SD) 1.2 (+¥2.9)

*
Includes only those men whose anal swab specimens were -globin DNA-positive.

When totals do not reach 318, data were missing; SD, Standard deviation
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