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Background. An increasing incidence of anal cancer among men suggests a need to better understand anal

canal human papillomavirus (HPV) infection among human immunodeficiency virus–negative men.

Methods. Genotyping for HPV was conducted on cells from the anal canal among men who have sex with

women (MSW) and men who have sex with men (MSM), aged 18–70 years, from Brazil, Mexico, and the United

States. Factors associated with anal HPV infection were assessed using multivariable logistic regression.

Results. The prevalence of any HPV type and oncogenic HPV types did not differ by city. Anal canal HPV

prevalence was 12.2% among 1305 MSW and 47.2% among 176 MSM. Among MSW, reporting a lifetime number

of>10 female sex partners, a primary sexual relationship,1 year in duration, and a prior hepatitis B diagnosis were

independently associated with detection of any anal HPV in multivariable analysis. Among MSM, a younger age,

reporting >2 male anal sex partners in the past 3 months, and never using a condom for anal sex in the past

6 months were independently associated with detection of any anal HPV in multivariable analysis.

Conclusions. Number of sex partners was associated with anal HPV infection in both MSW and MSM. Anal

HPV infection in men may be mediated by age, duration of sexual relationship, and condom use.

Anal cancer incidence is increasing in Western countries

among both women and men [1, 2]. It is a rare cancer in

the general population (1.5 cases/100,000 population)

[2] but is more common among men who have sex with

men (MSM) [3, 4] and persons with human immuno-

deficiency virus (HIV) infection [5, 6]. Anal cancer in-

cidence among MSM was estimated to be 12.5–36.9

cases per 100,000 men before the HIV epidemic [7].

Among HIV-negative men, there are few studies of

the primary cause of anal cancer, HPV infection, and

most studies have been conducted among MSM re-

cruited from gay-identified organizations or HIV proj-

ects serving gay men [8–11]. Consequently, there are no

comparative studies of anal HPV in which MSM and

men who have sex with women (MSW) were recruited

from the same source population. Also, studies con-

cerning MSM are equivocal with regard to trends

in age-specific prevalence. Understanding age-specific

prevalence and other factors leading to differential risk

for anal HPV infection may help inform strategies for

prevention of anal cancer in men. Our objective was to
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characterize and compare anal HPV prevalence and risk factors

in HIV-negative MSW and MSM.

SUBJECTS, MATERIALS, AND METHODS

Study Design and Questionnaire
Men were recruited in São Paulo, Brazil; Cuernavaca, Mexico;

and Tampa, Florida, beginning in June 2005 for the longitudinal

HPV in Men (HIM) Study. Among inclusion criteria were an

age of 18 to 70 years; no prior anal cancer or genital warts; and

no current sexually transmitted disease (STD) diagnosis, in-

cluding HIV regardless of any other STD status. Additional

details of the study design have been previously described [12].

Men were recruited in São Paulo from the general population

through advertisements and from a genitourinary clinic that also

tests for HIV and sexually transmitted diseases (STDs). Men

visiting this clinic for STD symptoms or treatment were

excluded. In Cuernavaca, men were recruited through a health

plan and from factories and the military. Men in Tampa were

recruited from a university campus and the general public. MSM

were not targeted for recruitment. Each man received a nominal

incentive for participation and consented to the study,

which was approved by human subjects committees at each

study site.

Procedure
From June 2005 through February 2009, 2589 men enrolled in

the HIM Study, and 2048 (79.1%) of these consented to col-

lection of anal canal exfoliated cells. The current analysis as-

sessed the samples provided at the enrollment visit. Men who

declined anal sampling were more likely to report an age of 18–

30 years, being single and never married, a residence in Tampa;

and to be MSW (all P , . 001). Men in Tampa who declined

anal sampling were also more likely to report 12 years or fewer of

education (P , .0001).

Men completed an 88-item computer-assisted self-interview

(CASI) written in the region’s primary language (Portuguese,

Spanish, or English). The CASI elicited information about

participant demographic characteristics, substance use, and

sexual behaviors. After the CASI, a clinician examined the par-

ticipant for signs of STDs before using a saline-wetted Dacron

swab to collect exfoliated skin cells from the penis (ie, coronal

sulcus, glans, and ventral and dorsal areas of shaft) and scrotum.

Then, using a separate swab, cells were collected from between

the anal verge and the dentate line, after which the swab

was placed into its own standard transport medium and stored

at –80�C.

HPV Testing
Samples were analyzed for HPV DNA as described elsewhere

[12]. In briefDNA was extracted using the QIAamp Media MDx

kit (Qiagen). The polymerase chain reaction (PCR) consensus

primer system (PGMY 09/11) was used to amplify a fragment of

the HPV L1 gene [13]. HPV genotyping was conducted on all

samples using DNA probes labeled with biotin to detect 37 HPV

types: 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51–56, 58, 59, 61,

62, 64, 66–73, 81–84, IS39, and CP6108 [14]. Accuracy and

potential contamination were assessed using nontemplate neg-

ative controls and CaSki DNA–positive controls.

Of 2048 men agreeing to the anal swab, funding restrictions

limited DNA genotyping to the first 1828 men enrolled in the

study, including 624 in São Paulo, 679 in Cuernavaca, and 525 in

Tampa. Of these, 14.0% were b-globin negative, which left 1572

men for analysis. b-globin status was different by MSW and

MSM status and clinic. We observed 85.2% and 92.7% b-globin
positivity among MSW and MSM, respectively (P 5 .005). We

also observed 89.6%, 84.4%, and 83.7% b-globin positivity

among men recruited in São Paulo, Cuernavaca, and Tampa,

respectively (P 5 .007). There was no difference among other

variables assessed (eg, age, race, marital status, presence of pre-

puce or warts, history of anal sex, and number of sex partners).

Statistical Analyses
We classified participants as MSW, MSM, men who have sex

with men and women (MSMW), or men who have no sex solely

on the basis of their answers to 17 questions about recent and

lifetime penetrative sexual behavior (vaginal, anal, and oral sex).

Recent sexual behavior was assessed by questions that asked

about behavior in the prior either 3 or 6 months. To minimize

categories with sparse data, MSM and MSMW were combined.

To classify men as MSW or MSM, greater weight was given to

recent sexual behavior and lifetime sexual behavior with multiple

partners. For example, if a participant acknowledged any anal or

oral sex with other men in the past 6 months or lifetime anal sex

with >3 men, he was classified as MSM. A participant who

acknowledged sex with only women in the past 6 months and,3

lifetime male anal sex partners was classified as MSW. A total of

1305 participants (84.1%) were classified as MSW, 176 (11.3%)

as MSM, and 70 (4.5%) as men who have no sex, whereas 21

men provided inadequate information for classification.

We considered a specimen to be positive for HPV if it was

positive for any of 37 genotypes. We labeled specimens as on-

cogenic if any of 13 types were detected (16, 18, 31, 33, 35, 39, 45,

51, 52, 56, 58, 59, or 66 [15]), regardless of the presence of other

genotypes. In contrast, specimens with only single or multiple

nononcogenic HPV types and no coinfection with oncogenic

types were classified as nononcogenic.

We used the Fisher exact test to assess prevalence differences

by city. The Cochran-Armitage test assessed linear trends in

prevalence.

To assess concordance of anal canal and genital HPV, we

selected men with evaluable samples at both the anal canal and

genitals (1262 MSW and 173 MSM). Among these, we de-

termined the proportion with the same HPV genotype at both
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the anal canal and genitals among men who had an HPV ge-

notype detected at the anal canal. Because of sparse data, pro-

portions were determined only for any HPV, oncogenic,

nononcogenic, and the most common genotypes.

We calculated odds ratios (ORs) and 95% confidence inter-

vals (CIs) by bivariate and multivariable logistic regression for 3

outcomes: any HPV type, oncogenic types, and nononcogenic

types. We used directed acyclic graphs [16, 17] to identify po-

tential confounders (ie, clinic and number of recent female sex

partners) and intermediate variables. All multivariable modeling

included potential confounders. Intermediate variables were

excluded from multivariable modeling [18, 19]. Modeling ini-

tially included variables with a P ,.20 on a likelihood-ratio test

in bivariate analyses (data not shown). We used a backward-

elimination method to identify independent risk factors for anal

HPV. Variables with a P ..05 on a likelihood-ratio test were

individually removed until a final set of risk factors remained.

We analyzed data using SAS, version 9.2 (SAS InstituteC).

RESULTS

The majority of men classified as MSM (68.2%) were recruited

in São Paulo. Although MSW and MSM did not differ by age,

differences were observed for other characteristics, including

race, circumcision status, and sexual behaviors (table 1). Study

clinicians diagnosed anogenital warts in 6.3% of MSW and 4.0%

of MSM. Of these, perianal warts and warts at the anal verge

were diagnosed in ,1% of both MSW and MSM.

HPV Infection Prevalence
Prevalence of infection due to any HPV type and oncogenic

types did not differ by city among MSW (P 5 .11 for each).

Likewise, prevalence of infection due to any HPV type and

oncogenic types did not differ significantly by city among MSM

(P 5 .66 and P 5 .97, respectively).

Approximately 16% of all men had HPV detected at the anal

canal; however, anal HPV infection prevalence amongMSMwas

4–10 times higher than the prevalence among MSW for all HPV

groups except unclassified types (table 2). The proportion of

MSM and MSW with multiple HPV types was especially dis-

parate (33.0% and 3.2%, respectively). HPV-16 prevalence

among MSM was more than double that among MSW (6.3%

and 2.2%, respectively).

The most common HPV types in MSW were 16, 6, and 51. In

MSM, the most common types were (tie) 6 and 84, 53, and 16. A

total of 34 and 36 genotypes were detected in MSW and MSM,

respectively.

With the exception of HPV-16, a higher proportion of MSW

than MSM had type-specific infection at the genitals that mir-

rored a type detected at the anal canal (Figure 1). For example,

among 21 MSW with HPV-6 at the anal canal, 47.6% also had

HPV-6 infection at the genitals.

Table 1. Selected Characteristics of Men Who Have Sex with
Women (MSW) and Men Who Have Sex with Men (MSM) in the
Human Papillomavirus (HPV) in Men (HIM) Study, 2005–2009

No. (%) of Men

Variable

MSW

(n 5 1305)

MSM

(n 5 176) Pa

Clinic

São Paulo 406 (31.1) 120 (68.2) , .001

Cuernavaca 508 (38.9) 29 (16.5)

Tampa 391 (30.0) 27 (15.3)

Age

18–30 years 589 (45.1) 80 (45.5) .11

31–44 years 518 (39.7) 79 (44.9)

45–70 years 198 (15.2) 17 (9.7)

Raceb

White 534 (41.5) 103 (58.5) , .001

Black 181 (14.1) 36 (20.5)

Mixed/other 573 (44.5) 37 (21.0)

Ethnicityb

Hispanic 642 (49.7) 71 (41.5) .05

Non–Hispanic 651 (50.4) 100 (58.5)

Marital statusb

Single, never married 501 (38.5) 112 (64.0) , .001

Married 522 (40.2) 32 (18.3)

Cohabitating 161 (12.4) 17 (9.7)

Divorced/separated/widowed 116 (8.9) 14 (8.0)

Prepuce present (clinician record)

Yes 829 (63.5) 132 (75.0) .01

Partially 38 (2.9) 2 (1.1)

No 438 (33.6) 42 (23.9)

Ever STD diagnosisb

Yes 191 (15.0) 56 (33.9) , .001

No 1083 (85.0) 109 (66.1)

Ever hepatitis B diagnosisb

Yes 19 (1.5) 10 (6.0) .001

No 1240 (98.5) 156 (94.0)

Anogenital warts diagnosed by study clinician

Yes 82 (6.3) 7 (4.0) .07

No 1223 (93.7) 169 (96.0)

Ever had oral or anal sex with a manb

Yes 141 (11.0) 176 (100.0) , .001

No 1142 (89.0) 0 (.0)

Lifetime no. of female sex partnersb

0-2 213 (17.3) 85 (52.8) , .001

3-9 489 (40.4) 38 (23.6)

>10 522 (42.3) 38 (23.6)

Lifetime no. of male anal sex partnersb

0–2 1293 (100.0) 28 (17.3) , .001

3–9 0 (.0) 68 (42.0)

>10 0 (.0) 66 (40.7)

No. of recent female sex partners b, c

0 women 346 (27.4) 119 (70.8) , .001

1 woman 603 (47.7) 18 (10.7)

>2 women 315 (24.9) 31 (18.5)
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Among MSW, anal HPV infection prevalence was similar

across age groups for any HPV and oncogenic types (P for

trend 5 .81 and .67, respectively) (Figure 2). Likewise, age was

not associated with any HPV or oncogenic HPV amongMSW in

bivariate analysis (data not shown).

Among MSM, there was a decrease in prevalence with in-

creasing age for both any HPV and oncogenic types (P for

trend5.001 for both). Likewise, age was associated with any

HPV and oncogenic HPV at the anal canal among MSM

in bivariate analysis (for example, in comparison to MSM aged

18–30 years: OR 5 40 [95% CI .21–.76] for MSM aged 31–44

years, and OR 5 13 [95% CI .04–.51] for MSM aged 45–70

years).

Multivariable Analysis
Multivariable analyses associated 3 factors with any HPV type in

MSW (table 3): lifetime number of female sex partners (in

comparison to 0–2 women: OR 5 2.85 [95% CI 1.44–5.67]

for >10 women), duration of relationship with a primary sex

partner (in comparison to.10 years: OR5 2.00 [95% CI 1.05–

3.80] for having a primary relationship of ,1 year), and a his-

tory of a hepatitis B diagnosis (OR5 4.64 [95%CI 1.60–13.46]).

Among MSW, the same 3 variables were also associated with

detection of any oncogenic type, in addition to smoking status

(in comparison to never smokers: OR 5 .43 [95% CI .19-.97]

for former smokers). No factors were associated with detection

of nononcogenic types.

In multivariable analysis with MSM, age was inversely asso-

ciated with any HPV type (in comparison to 18–30 years of age:

OR5 .20 [95% CI .04–.94] for ages 45–70 years) and oncogenic

types (in comparison to 18–30 years of age: OR 5 .35 [95% CI

.16–.79] for 31–44 year olds). Also, a larger number of recent

male anal sex partners (in comparison to 0 men: OR, 4.99 [95%

CI 1.46–16.97] for>2 men) and never using condoms for recent

anal sex (in comparison to always using condoms: OR 5 6.07

[95% CI 1.47–24.97]) were independently associated with de-

tection of any HPV (table 3). A larger number of recent male

anal sex partners was also associated with detection of oncogenic

(in comparison to 0 men: OR5 3.19 [95% CI 1.24–8.25] for>2

men) and nononcogenic types (in comparison to 0 men: OR 5

5.94 [95% CI 1.53–23.10] for 1 man and OR 5 3.68 [95% CI

1.08–12.51] for >2 men).

Among a subset of MSM who were asked about receptive anal

sex (n 5 63), any HPV prevalence was 3 times higher among

MSM who acknowledged receptive anal sex than among MSM

who denied receptive anal sex (P 5 .005) (data not shown).

DISCUSSION

Our observation of high prevalence of anal HPV infection

among 176 HIV-negative MSM from Latin America and the

United States is consistent with past estimates for HIV-negative

MSM in Western Europe, Australia, and the United States [8–

11]. For all HPV outcomes, prevalence among MSM was at least

twice as high as among MSW who were recruited from the same

source population.

We are aware of 4 studies of anal HPV infection among HIV-

negative MSM that have used genotyping assays that detected

a comparable number of HPV types as in the current study [8–

11]. Estimates from these studies for oncogenic HPV prevalence

were 26%–73%, whereas HPV-16 prevalence was 9%–27%. Our

prevalence estimates in MSM are somewhat lower (27.3% for

oncogenic and 6.3% for HPV-16). The MSM in this study were

not recruited from gay-identified organizations or events or

from HIV-prevention projects, as in other studies in which

MSM with increased risk for STDs may have been enrolled;

however, one-third of all men enrolled in São Paulo where re-

cruited at an STD clinic that tests for STDs and HIV. It is also

possible that different anal sample collection methods, such as

different sampling devices, could account for the varying prev-

alence estimates among studies.

Our estimates among MSW are consistent with our prior re-

search [20, 21]. However, the estimates are somewhat higher than

in 2 other studies [22, 23], possibly because of the current study’s

genotyping assays that detect a larger number of genotypes.

Table 1. (Continued)

No. (%) of Men

Variable

MSW

(n 5 1305)

MSM

(n 5 176) Pa

No. of recent male anal sex partnersb, d

0 men 1293 (100.0) 61 (36.5) , .001

1 man 0 (.0) 40 (24.0)

>2 men 0 (.0) 66 (39.5)

Length of relationship with primary sex partner

No primary relationshipb 229 (19.0) 70 (41.2) , .001

,1 year 265 (22.0) 37 (21.8)

1–4 years 189 (15.7) 23 (13.5)

5–10 years 233 (19.3) 21 (12.4)

.10 years 291 (24.1) 19 (11.2)

Frequency of condom use for recent anal sex with women or menb

Always 101 (8.3) 60 (35.1) , .001

Sometimes 87 (7.2) 57 (33.3)

Never 160 (13.2) 24 (14.0)

No recent anal sex 869 (71.4) 30 (17.5)

Smoking statusb

Never smoker 725 (55.6) 105 (59.7) .25

Former smoker 270 (20.7) 27 (15.3)

Current smoker 310 (23.8) 44 (25.0)

NOTE. a P values are 2-sided and derived from the Fisher exact test.
b Because some observations were missing, category entries do not sum to

100%.
c Recent was defined as up to 6 months immediately preceeding the study

visit.
d Recent was defined as up to 3 months immediately preceding the study

visit.
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Because anal HPV infection is often observed in men who

deny receptive anal sex [24, 25], the mechanism of transport

to the anal canal is unclear. Multiple studies have detected

mucosal/genital HPV genotypes on fingers [26, 27], and 1 in-

vestigation offered evidence of HPV transmission between

hands and anogenital sites [28]. In the current study, almost

50% of MSW with any anal HPV genotype had dual type-

specific infection, at both the anal canal and the genitals, a pat-

tern that also occurred with all common genotypes except

HPV-16. We did not ask questions regarding nonpenetrative

sexual behaviors, which may have been helpful in understanding

anal HPV infection in MSW.

We observed a stable age-specific prevalence of anal HPV in

MSW aged 18–70 years, reflecting our previous results in

a smaller group of MSW from the same cohort [29] but in

contrast to our prior study of 222 MSW aged 18–40 years [20].

In contrast, the current study observed a decreasing age-

specific prevalence among MSM, which has been reported

elsewhere [30]; however, these results differ from 2 studies of

anal HPV infection in HIV-negative MSM that reported a sim-

ilar prevalence of anal HPV infection across age groups [8, 9].

Different source populations may explain the different estimates.

For example, Chin-Hong’s large study among urban MSM in

the United States selected men on the basis of sexual behavior

that put them at high risk for HIV infection [9], whereas MSM

in the current study were not targeted for recruitment and,

therefore, may have a different pattern of risk for anal HPV

infection throughout their lifetimes.

These age-specific HPV infection prevalence trends may re-

sult from age-specific sexual behavior. For example, MSM aged

45–70 years reported a mean of .9 new anal sex partners in the

prior 3 months, whereas MSM aged,45 years reported 2.7 new

partners. Conversely, MSW ,45 years of age and .45 years of

age reported the same mean of .5 new partners. In addition,

when MSM were stratified by number of male anal sex partners

(ie, 0 vs. 1 vs. >2 partners) in the prior 3 months and by age

group, the prevalence of any HPV type at the anal canal de-

creased with age in every category of number of male anal sex

partners (data not shown).

In addition to sexual behavior, immunological processes may

mediate age-specific anal HPV infection prevalence in men.

Multiple studies have reported increasing age-specific antibody

prevalence against HPV type 6, 11, 16, and/or 18 among men

[31–33] and a positive association between sex with men and

Table 2. Prevalence of Anal Canal Human Papillomavirus (HPV) Infection among MenWho Have Sex with Women (MSW) and MenWho
Have Sex with Men (MSM) in the HPV in Men (HIM) Study, 2005–2009

No. (%) (95% CI)

Variable MSW (n51305) MSM (n5176) Total (n51481)

Any HPV 159 (12.2) (10.5–14.1) 83 47.2 (39.6–54.8) 242 (16.3) (14.5–18.3)

Oncogenica 89 (6.8) (5.5–8.3) 48 (27.3) (20.7–33.9) 137 (9.3) (7.8–10.8)

Nononcogenicb 70 (5.4) (4.2–6.7) 35 (19.9) (14.3–26.6) 105 (7.1) (5.8–8.5)

Only unclassifiedc 162 (12.4) (10.7–14.3) 21 (11.9) (7.5–17.7) 183 (12.4) (10.7–14.1)

Multiple types 42 (3.2) (2.3–4.3) 58 (33.0) (26.1–40.4) 100 (6.8) (5.5–8.2)

Types 6/11 23 (1.8) (1.1–2.6) 17 (9.7) (5.7–15.0) 40 (2.7) (1.9–3.7)

Types 16/18 32 (2.5) (1.7–3.4) 19 (10.8) (6.6–16.3) 51 (3.4) (2.6–4.5)

Types 6/11/16/18 52 (4.0) (3.0–5.2) 34 (19.3) (13.8–25.9) 86 (5.8) (4.7–7.1)

Oncogenic typesd

16 29 (2.2) (1.5–3.2) 11 (6.3) (3.2–10.9) 40 (2.7) (1.9–3.7)

18 3 (.2) (.1–.7) 8 (4.6) (2.0–8.8) 11 (.7) (.4–1.3)

39 5 (.4) (.1–.9) 8 (4.6) (2.0–8.8) 13 (.9) (.5–1.5)

51 19 (1.5) (.9–2.3) 8 (4.6) (2.0–8.8) 27 (1.8) (1.2–2.6)

Nononcogenic typese

6 21 (1.6) (1.0–2.5) 16 (9.1) (5.3–14.3) 37 (2.5) (1.8–3.4)

11 2 (.2) (.0–.6) 1 (.6) (.0–3.1) 3 (.2) (.0–.6)

53 10 (.8) (.4–1.4) 13 7.4 (4.0–12.3) 23 (1.6) (1.0–2.3)

61 11 (.8) (.4–1.5) 9 5.1 (2.4–9.5) 20 (1.4) (.8–2.1)

73 2 (.2) (.0–.6) 9 5.1 (2.4–9.5) 11 (.7) (.4–1.3)

84 11 (.8) (.4–1.5) 16 9.1 (5.3–14.3) 27 (1.8) (1.2–2.6)

NOTE. a Proportion of men with at least 1 of 13 oncogenic types, regardless of the presence of any other HPV type.
b Proportion of men with only nononcogenic types.
c Proportion of men positive for HPV DNA by polymerase chain reaction (PCR) but negative for any 1 of 37 types.
d Oncogenic types 31, 33, 35, 45, 52, 56, 58, 59 and 66 are not shown; each was detected at the anal canal, but the prevalence was <4.0% in MSW and MSM.
e Nononcogenic types 26, 40, 42, 54, 55, 62, 67, 68, 69, 70, 71, 72, 81, 82, 83, CP6108, and IS39 are not shown; each was detected at the anal canal, but the

prevalence was <4.0% in MSW and MSM. Type 64 was not detected.
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HPV seroprevalence in men [32, 34, 35]. Nevertheless, even if

immune responses control some anal infections in older MSM,

higher initial prevalence may still leave a substantial burden of

infection in older age.

In addition to age, condom use for anal sex and number of

sexual partners were associated with anal HPV in MSM. Com-

pared with MSM who reported always using condoms for anal

sex, MSM who never used condoms were 6 times more likely to

harbor anal canal HPV. In contrast, a previous study reported

that risk for anal HPV increased among women who reported

condoms being used by male partners; however, that in-

vestigation did not ask if condoms were actually used during

anal sex [36]. Our finding that, among MSM, the number of

partners was associated with anal HPV is consistent with prior

reports [8, 9].

Among MSW, number of lifetime sex partners was also as-

sociated with anal HPV, which is consistent with our prior 2

reports [20, 29]. Among MSW we also observed an inverse

Figure 1. Proportion of men with type-specific infection at both the anal canal and genitals among men with HPV infection at the anal canal, in the
Human Papillomavirus (HPV) in Men (HIM) Study, 2005–2009. Only men with evaluable samples at both the anal canal and genitals were included in
analysis; therefore, sample size differs slightly from other tables and figures.

Figure 2. Prevalence of anal human papillomavirus (HPV) infection, by age, among 1305 men who have sex with women (MSW) and 176 men who have
sex with men (MSM) in the HPV in Men (HIM) Study.

54 d JID 2011:203 (1 January) d Nyitray et al.



association between length of sexual relationship and anal HPV.

While bivariate analyses among MSM also indicated that longer

relationships were protective (data not shown), the association

did not remain significant in multivariable analyses. Finally,

a history of hepatitis B was strongly associated with both any

HPV and oncogenic HPV in MSW. We are not aware of other

Table 3. Factors Associated with Anal Canal Human Papillomavirus (HPV) Infection among MenWho Have Sex with Women (MSW) and
Men Who Have Sex with Men (MSM) in the HPV in Men (HIM) Study, 2005–2009: multivariable analyses

MSW: OR (95% CI) MSM: OR (95% CI)

Factor Any HPVa Oncogenicb Nononcogenicc Any HPVd Oncogenice Nononcogenice

Age, years

18–30 Reference Reference Reference Reference Reference Reference

31–44 1.03 (.66–1.60) .96 (.54–1.69) 1.21 (.64–2.30) .51 (.23–1.09) .35 (.16–.79) 1.34 (.59–3.04)

45–70 .81 (.41–1.62) .74 (.28–1.99) 1.15 (.45–2.94) .20 (.04–.94) .52 (.12–2.19) -f

Lifetime no. of female sex partners

0–2 women Reference Reference Reference Reference Reference Reference

3–9 women 1.69 (.87–2.30) 2.21 (.89–5.51) 1.13 (.47–2.74) 1.40 (.58–3.41) 1.50 (.62–3.65) .91 (.33–2.51)

>10 women 2.85 (1.44–5.67) 3.18 (1.24–8.20) 2.26 (.94–5.44) 1.00 (.28–3.52) .63 (.14–2.79) 1.73 (.33–8.93)

Lifetime no. of male anal sex partners

0–2 men n/a n/a n/a Reference Reference Reference

3–9 men n/a n/a n/a 3.73 (1.00–13.97) 3.21 (.81–12.66) 5.70 (.67–48.84)

>10 men n/a n/a n/a 2.39 (.57–10.07) 3.78 (.92–15.48) 4.83 (.57–40.81)

No. of recent male anal sex partners

0 men n/a n/a n/a Reference Reference Reference

1 man n/a n/a n/a 1.78 (.48–6.56) 1.20 (.41–3.52) 5.94 (1.53–23.10)

>2 men n/a n/a n/a 4.99 (1.46–16.97) 3.19 (1.24–8.25) 3.68 (1.08–12.51)

Length of relationship with primary sex partner

No primary relationship 1.97 (1.00–3.88) 2.94 (1.18–7.32) 1.45 (.58–3.64) .90 (.23–3.46) .90 (.20–4.14) 1.00 (.16–6.22)

,1 year 2.00 (1.05–3.80) 2.28 (.95–5.48) 1.80 (.77–4.20) 1.55 (.37–6.40) 1.64 (.34–7.92) 1.03 (.15–6.96)

1–4 years 1.39 (.69–2.78) 1.41 (.53–3.76) 1.70 (.70–4.17) 4.35 (.87–21.72) 1.93 (.37–10.13) 2.33 (.34–15.81)

5–10 years 1.60 (.85–3.00) 1.91 (.80–4.56) 1.30 (.55–3.04) .63 (.12–3.25) .87 (.15–5.24) .41 (.03–5.82)

.10 years Reference Reference Reference Reference Reference Reference

Frequency of condom use for recent anal sex with women or men

Always Reference Reference Reference Reference Reference Reference

Sometimes 1.41 (.60–3.31) 1.05 (.37–2.96) 2.20 (.53–9.14) 2.14 (.82–5.58) 1.83 (.77–4.35) 1.13 (.42–3.04)

Never .83 (.36–1.92) .50 (.17–1.45) 1.78 (.45–6.97) 6.07 (1.47–24.97) 1.81 (.58–5.68) 1.95 (.51–7.50)

No recent anal sex 1.15 (.58–2.28) 0.87 (.39–1.93) 1.85 (.55–6.26) .76 (.16–3.62) .36 (.09–1.45) .29 (.06–1.52)

Ever hepatitis B diagnosis

Yes 4.64 (1.60–13.46) 5.39 (1.58–18.40) 2.03 (.45–9.13) 1.25 (.28–5.59) .27 (.03–2.35) 3.43 (.70–16.76)

No Reference Reference Reference Reference Reference Reference

Smoking status

Never Reference Reference Reference Reference Reference Reference

Former .78 (.48–1.27) .43 (.19–.97) 1.13 (.59–2.16) .60 (.22–1.67) .81 (.27–2.38) .48 (.10–2.38)

Current 1.34 (.90–2.00) 1.05 (.60–1.85) 1.34 (.75–2.40) 1.19 (.53–2.65) .77 (.33–1.84) 1.66 (.67–4.09)

NOTE. Any HPV cases are positive for at least 1 of 37 HPV types. Oncogenic type cases are positive for at least 1 of 13 oncogenic HPV types, regardless of the

presence of nononcogenic types. Nononcogenic cases are positive for at least 1 of 24 nononcogenic types and have no coinfection with oncogenic types. Each

model is adjusted by confounders, which are clinic and number of recent female sex partners. CI, confidence interval; OR, odds ratio; n/a, not applicable.
a Variables remaining in the model were lifetime number of female sex partners, length of relationship with primary sex partner, and any hepatitis B diagnosis.

Their ORs were adjusted by confounders and variables remaining in the model. Smoking status and frequency of condom use for recent anal sex are included only

for comparison purposes and are adjusted only by confounders.
b Variables remaining in the model were lifetime number of female sex partners, length of relationship with primary sex partner, ever hepatitis B diagnosis, and

smoking status. Their ORs are adjusted by confounders and variables remaining in the model. Frequency of condom use for recent anal sex is included only for

comparison purposes and is adjusted only by confounders.
c No variables were significant in the final model. Each estimate is included only for comparison purposes and is adjusted only by confounders.
d Variables remaining in the model were number of recent male anal sex partners and frequency of condom use for recent anal sex. Their ORs are adjusted by

confounders and variables remaining in the model. Other variables are included only for comparison purposes and are adjusted only by confounders.
e Variable remaining in the model was number of recent male anal sex partners. Its ORs are adjusted by confounders. Other variables are included only for

comparison purposes and are adjusted only by confounders.
f Sparse data for the nononcogenic outcome resulted in an unstable estimate.

Anal HPV in Men d JID 2011:203 (1 January) d 55



such reports, although hepatitis has been associated with anal

cancer [37].

Because we used self–reported data and limited our definition

of recent sex to behavior within the prior 3 or 6 months, it is

possible that some men were misclassified as either MSW or

MSM; however, we have found the CASI instrument to be highly

reliable with men in these 3 cities [38]. Our definition of MSW

required that a man had shown a pattern of sexual behavior with

women, had reported no recent anal sex with a male, and ad-

ditionally had reported < 2 male anal partners in his lifetime.

We classified a man as MSW even if he acknowledged 1 or 2

male sex partners in his lifetime because sexual experimentation,

especially during adolescence, is common in these 3 countries

[39–41]. To test our definition, we assessed the prevalence of

groups of HPV and individual types inMSWwho acknowledged

no sex with men in their lifetimes. There was no difference in

anal HPV prevalence between MSW with 0 lifetime male anal

sex partners and MSW with 1 or 2 lifetime male partners (data

not shown).

Although all men reported being HIV-negative, we did not

test for HIV; therefore, we cannot be certain that all were HIV-

negative.

The number of HIV-negative MSM in this study was limited

to 176 largely urban men, which, although comparable in size

to a number of anal HPV studies in MSM [8, 10, 11], limits

generalization. It possibly also limited our ability to identify

statistically significant associations in multivariable analyses.

However, a strength of the current study is that both MSM and

MSW were recruited from the same source populations which

provides a more valid context for comparisons. Finally, al-

though clinicians were trained to deliver the swab directly into

the anal canal, it is possible that the swab may have sometimes

touched the perianal skin before entry into the anal canal;

thus, our estimates may include HPV detected at the perianal

region.

Why MSM would have higher b-globin status than MSW is

unclear. One idea is that the practice of receptive anal sex might

abrade the mucosal epithelium of the anal canal, allowing

better collection of exfoliated cells. However, a subset of MSM

were asked about receptive anal sex practices (n 5 83). Of

these there was no difference in b-globin status among men

acknowledging lifetime receptive anal intercourse (b-globin
positivity: 84.5%) and those who said they never had receptive

anal intercourse (92.0%, P 5 .35). With regard to different

b-globin status by clinic site, it is possible that clinicians col-

lecting samples in São Paulo used more pressure on the Dacron

swab as it swabbed the anal canal than when the procedure was

performed in Cuernavaca or Tampa. While clinicians were all

highly trained by an infectious disease physician in this pro-

cedure, differential pressure on the Dacron swab by city would

be difficult to detect. Nevertheless, since there was little dif-

ference in the prevalence of anal HPV by city, we believe

different b-globin results by city should not significantly im-

pact our results.

There were differences in the proportion of men at each clinic

site who agreed to an anal sample. For example, more MSW

rejected the anal sampling and therefore were excluded the

study. If these men also have less risk for anal HPV, then our

MSW sample may have been biased toward a population with

higher anal HPV prevalence.

Our observation of a higher prevalence of anal HPV in MSM

may be due to higher incidence of infection, longer duration, or

a combination of these. Further studies are needed to estimate

these parameters so that we may better understand how the

natural history of anal HPV infection has led to a much higher

incidence of anal cancer in MSM.

We believe the current study provides important data for

practitioners seeking to lower risk for anal HPV infection in

their patients at a time when anal cancer incidence is increasing.

Specifically, our data suggest a lower risk for anal HPV infection

in MSM who limit their number of male anal sex partners and

who always use condoms for anal sex. Secondly, MSW who

restrict their number of female sex partners and who remain in

relationships for more than 10 years also may lower their risk for

anal HPV infection.
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