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Abstract

Background—Male circumcision may lower men’s risk of human papillomavirus (HPV)
infection and reduce transmission to sex partners. Reported associations between circumcision and
HPV infection in men have been inconsistent.

Methods—Four hundred sixty-three men in 2 US cities were tested at 6 anogenital sites and in
semen for 37 types of HPV. Men were eligible if they reported sex with a woman within the past
year, no history of genital warts or penile or anal cancer, and no current diagnosis of a sexually
transmitted infection. Participants completed a self-administered questionnaire. Circumcision
status was assessed by the study clinician. Logistic regression was used to examine associations
between circumcision and HPV detection at each site and in semen, with adjustment for potential
confounders.

Results—Seventy-four men (16.0%) were uncircumcised. Adjusted odds ratios (AORs) for any
HPV genotype and circumcision were 0.53 (95% confidence interval [CI], 0.28-0.99) for any
anatomic site/specimen, 0.17 (95% CI, 0.05-0.56) for the urethra, 0.44 (95% CI, 0.23-0.82) for
the glans/corona, and 0.53 (95% CI, 0.28-0.99) for the penile shaft. AORs were <1.0 but not
statistically significant for the scrotum, semen, anal canal, and perianal area.

Conclusions—Circumcision may be protective against HPV infection of the urethra, glans/
corona, and penile shaft.

Human papillomavirus (HPV) is the cause of cervical cancer and is associated with penile
cancer, other anogenital cancers, and precursor lesions in both men and women. The risk of
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cervical cancer has been associated with characteristics of women’s male sex partners,
including circumcision and sexual behavior factors [1-3]. Indeed, even before the
identification of HPV, the observation that Jewish women had a low incidence of cervical
cancer led to the hypothesis that male circumcision reduces the risk of cervical cancer in
female partners [4]. Circumcision of male partners has now been associated with cervical
cancer risk as well as with HPV infection in men [1, 5-13]. Evidence also suggests that
circumcision may reduce the risk of penile cancer by preventing phimosis, a significant risk
factor for this HPV-related cancer [14, 15].

Although several studies have examined the association between circumcision and HPV
infection in men, results are inconsistent. The use of different sampling methods, anatomic
sites for sampling, study populations at varying risk for HPV infection, and methods for
assessing circumcision status (self-reported vs. clinician) make it difficult to compare these
studies [16, 17]. Two studies have provided insight into the differences in either associations
across risk strata or anatomic site of sampling. First, Castellsague et al. [16] demonstrated a
stronger association between circumcision and female partners’ cervical cancer risk among
men in a higher-risk stratum (defined by lifetime number of sex partners and age at first
intercourse) than among those in lower-risk strata. Second, a recent evaluation of HPV
infection and circumcision status at external genital sites and in semen and urine provided
evidence of differences in associations across sample types [18]. The aims of the present
analyses were to examine the associations between HPV infection and circumcision at the
glans penis/coronal sulcus, penile shaft, and scrotum in addition to the urethra, semen,
perianal area, and anal canal and to explore differences in these associations by risk strata, as
defined by the lifetime number of female sex partners.

METHODS

The design and methods of the HPV Detection in Men study have been described elsewhere
in detail [19]. Briefly, a cross-sectional study of HPV infection in 463 men in 2 US cities
(Tucson, Arizona, and Tampa, Florida) was completed during 2002-2005. Men were eligible
if they (1) were 18-40 years old, (2) had had sexual intercourse with a woman within the
past year, (3) acknowledged no previous diagnosis of genital warts or penile or anal cancer,
(4) had no current penile discharge or pain during urination, and (5) had no current diagnosis
of a sexually transmitted disease, such as chlamydia or gonorrhea.

All participants gave informed consent, and the University of Arizona Human Subjects
Protection Program, the Centers for Disease Control and Prevention Institutional Review
Board, the US Department of Defense, and the University of South Florida Institutional
Review Board approved all procedures.

Men collected a semen sample by masturbation 12—36 h before the clinical visit. They were
instructed to abstain from having sex with a partner or washing the genitals during the 24 h
before the study visit. The study clinician examined each participant’s genital, abdominal,
and anal areas for lesions or warts. If present, lesions or warts were sampled by rubbing with
a saline-wetted Dacron swab. The clinician also recorded whether the participant was
circumcised. The clinician used a calcium alginate or Dacron urethral swab to sample the
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first 2 cm of the urethral epithelium. The clinician sampled the other anogenital sites by
rubbing them with separate saline-wetted Dacron swabs, sampling the entire surface of the
(1) glans penis/coronal sulcus, (2) penile shaft (including the prepuce, if present), (3)
scrotum, and (4) perianal area. The anal canal was sampled with another saline-wetted
Dacron swab. The urethral sample was optional, and the urethral and semen samples were
eliminated in the third year of the study. Men completed a self-administered questionnaire
that asked about whether they were circumcised, their history of sexually transmitted
infections, and their current and past sexual behaviors.

HPV DNA detection and genotyping

HPV was detected in swabbed cellular material and semen by polymerase chain reaction
(PCR) amplification of a fragment of the L1 gene, using the PGMY 09/11 L1 consensus
primer system [20]. HPV genotyping was conducted using the reverse line blot method on
all samples, regardless of the HPV PCR result [20]. This detection method uses the HPV L1
consensus PCR products labeled with biotin to detect 37 HPV types.

Definition of HPV outcomes

The oncogenic HPV types associated with cervical dysplasia and cancer include 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, and 66 [21]. The nononcogenic types detected with the
Roche line blot method are 6, 11, 26, 40, 42, 53-55, 61, 62, 64, 67-73, 81-84, 1S39, and
CP6108. An HPV-positive result was defined as the detection of any of these 37 HPV
genotypes. A negative result was defined as the absence of any HPV DNA in a sample
positive for human g-globin. Samples in which g-globin or any of the 37 detectable HPV
genotypes was not detected were deemed inadequate for evaluation and treated as missing.
Men who tested positive for any of the 37 HPV types were considered positive for “any
HPV.” Of these men, those who had a positive result for any oncogenic HPV type orfor both
oncogenic and nononcogenic types were considered positive for “oncogenic HPV,” whereas
men positive for only a nononcogenic HPV type were considered positive for “nononcogenic
HPV.”

Statistical analysis

The frequencies and means of the responses to the questionnaire items and the results from
the clinical examination were compared between circumcised and uncircumcised men. A ¢
test was used to compare continuous measures, and a ;(2 test was used for categorical
variables.

Logistic and log-binomial regression were used to model the associations between
circumcision and the detection of oncogenic, nononcogenic, and any HPV infection. Odds
ratios (ORs) were calculated to facilitate comparison with findings published elsewhere.
Because HPV infection is a common outcome, prevalence ratios were also calculated using
log-binomial regression [22]. For each outcome, we generated separate models for (1) HPV
infection at any site and (2) HPV infection at each site independently of infection at other
sites. Associations between circumcision and the detection of multiple HPV types were also
evaluated for any site, glans/corona, shaft, and scrotum. These were the sites with enough
multiple-type infections to allow for the calculation of ORs. We considered potential
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confounders, including current smoking status and smoking history, lifetime number of
female sex partners, different female partners in the past 3 months, frequency of sexual
intercourse in the past 3 months and the past 1 month, frequency of condom use with vaginal
sex in the past 3 months, history of various sexually transmitted disease diagnoses, and
detection of genital warts during the clinical sampling visit.

To facilitate comparisons with studies that combined sampling sites or specimens, we
conducted additional analyses, combining results from (1) semen and the urethra and (2) the
glans, shaft, and scrotum. Separate models were used to evaluate the association between
circumcision and each of these outcomes. Men were included in these combined-site
analyses if they had no missing results for any of the sites in the combination, and men who
had an HPV-positive result at any of the sites were considered to have positive results at the
combined site.

To explore whether sexual history moderated the associations between circumcision and
HPV infection status, we examined the associations stratified by lifetime number of female
sex partners and tested the interaction between stratum and circumcision status. The median
life time number of female sex partners (/7= 9) was used to define the strata. ORs,
prevalence ratios, and 95% confidence intervals (CIs) were calculated. Statistical analyses
were performed with SAS software (version 9.1.3; SAS Institute).

RESULTS

Overall and site-specific prevalences of any and unclassified HPV types in this study have
been reported elsewhere [19]. Overall, 47.5% of men had any of the 37 HPV genotypes
detected in at least 1 of the samples collected. Site-specific prevalence ranged from 4.7% in
semen to 40.8% at the penile shaft.

Demographics, sexual history, and behavioral characteristics by circumcision status are
presented in table 1. Seventy-four men (16.0%) were uncircumcised. Uncircumcised men
were slightly younger, less likely to be white, and more likely to be Hispanic. With regard to
HPV-related risk factors, circumcised men were more likely to smoke =10 cigarettes per day
(13.1% vs. 1.4%; P<.01), to have had at least 1 female sex partner in the past 3 months (P
=.02), and to have had a partner with an abnormal Pap smear result (= .02). We observed a
marginally significant difference in the use of condoms at least half the time (44.3% vs.
55.9% in circumcised vs. uncircumcised men; £=.09).

The associations between circumcision and any, oncogenic, and nononcogenic HPV
detection by site or semen sample are presented in table 2. All multivariate models were
adjusted for the date of laboratory analysis, smoking =10 cigarettes per day, lifetime number
of female sex partners, and use of condoms during vaginal sex in the past 3 months.
Therefore, multivariate models excluded men who reported no sex in the past 3 months. For
the glans penis/coronal sulcus, urethra, semen, and perianal area, the odds of HPV detection
observed among circumcised men were lower with the crude ORs, and the adjusted ORs
(AORs) showed a stronger association. For other sites, the crude ORs were near 1.00 but
were lower after adjustment. Circumcision was strongly associated with reduced odds of
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detecting any HPV (AOR, 0.44 [95% ClI, 0.23-0.82]) or oncogenic HPV (AOR, 0.47 [95%
Cl, 0.22-0.99]) at the glans penis/coronal sulcus. The reduction in the odds of nononcogenic
HPV detection was not statistically significant. At the urethra, a significant association was
observed for any HPV (AOR, 0.17 [95% CIl, 0.05-0.56]) and nononcogenic HPV (AOR,
0.04 [95% ClI, 0.01-0.23]) but not for oncogenic HPV (table 2).

The strength of the association between circumcision and HPV detection appeared to
decrease somewhat as distance from the urethra/prepuce increased, with a marginally
significant reduction in any HPV (AOR, 0.53 [95% CI, 0.28-0.99]) and oncogenic HPV
(AOR, 0.50 [95% ClI, 0.25-1.00]; P=.05) detected at the shaft. We found no association
between circumcision and HPV detection at the scrotum. Significant associations between
circumcision and HPV infection were observed when the urethra and semen samples were
combined for any HPV (AOR, 0.29 [95% ClI, 0.11-0.81]) and nononcogenic HPV (AOR,
0.09 [95% CI, 0.02-0.39]), but the reduction in odds with this combination of samples was
not significant for oncogenic HPV (AOR, 0.96 [95% CI, 0.20-4.64]). When glans, shaft, and
scrotum results were combined, AORs were between 0.56 and 0.91 for the 3 HPV outcomes;
however, none of these was significant (table 2). The odds of HPV detection were usually
lower at the perianal area and anal canal among circumcised men, but AORs were not
significant.

The AOR for multiple-type HPV infection was similar to those for any type and for
oncogenic HPV when any site was considered (AOR, 0.54 [95% CI, 0.30 — 0.98]). Likewise,
the associations with multiple-type infections were similar to those for infection with
oncogenic, nononcogenic, and any HPV at the glans penis/coronal sulcus (AOR, 0.46 [95%
Cl, 0.22- 0.94]) and scrotum (AOR, 0.77 [95% CI, 0.27-2.16]). At the shaft, the AOR for
multiple-type infection was 0.88 (95% Cl, 0.43-1.80).

When adjusted prevalence ratios (APRs) were examined, a similar pattern of associations
was observed. However, as expected, prevalence ratios were closer to 1.00 than were ORs.
The APR for circumcision and detection of any HPV at any site was 0.77 (95% CI, 0.53-
1.12; P=.17). Associations were stronger and significant at the glans penis/coronal sulcus
(APR, 0.62 [95% Cl, 0.39-0.97]) and the urethra (APR, 0.25 [95% CI, 0.09-0.67]). APRs
for the remaining single sites were between 0.51 (for semen) and 0.82 (for anal canal) and
were not statistically significant. The APR for the combination of urethra and semen was
0.37 (95% ClI, 0.16-0.89), and that for the glans/ shaft/scrotum was 0.84 (95% ClI, 0.57—
1.25).

The associations between circumcision and any HPV detection were similar between the 2
strata of lifetime number of female sex partners (=9 vs. <9; data not shown). A test of
interaction by stratum did not show significant interaction (P = .8). We observed similar
reductions in the odds of HPV detection across strata for any site and for each of the external
genital sites and the urethra. For example, for men with =9 partners, the AOR was 0.56 (95%
Cl, 0.22-1.40), compared with an AOR of 0.52 (95% ClI, 0.23-1.20) for men with <9
partners. However, the only associations that were significant were for men with >9 partners
for samples taken from the glans penis/coronal sulcus (AOR, 0.43 [95% CI, 0.19-0.99]),
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urethra (AOR, 0.23 [95% CI, 0.06—0.85]), and the combination of urethra and semen (AOR,
0.22 [95% Cl, 0.06-0.80]).

DISCUSSION

This is the first study to report the associations between HPV infection and circumcision at
multiple, individually sampled, internal and external anogenital sites and semen. In this
study of asymptomatic men in the United States, the odds of HPV detection at the urethra,
the combined urethra and semen, the shaft, and the glans penis/coronal sulcus were lower
among circumcised men than among uncircumcised men. The association was not
significant for results from the scrotum or anal sites alone or combined with other external
genital sites. This reduction in the odds of HPV detection among circumcised men persisted
across strata of men reporting a lifetime number of female sex partners above or below the
median for this study.

Most published studies (7 of 10) have shown that circumcised men have lower odds of HPV
infection than uncircumcised men [1, 5-12, 18]. AORs in these studies ranged from 0.76
(95% CI, 0.58-1.01) among male partners of women with cervical cancer [5] to 0.20 (95%
Cl, 0.06-0.6) among men attending a sexually transmitted disease clinic in Denmark [10]
and 0.20 (95% ClI, 0.1-0.4) among men attending vasectomy clinics in Mexico [11].
Comparison of published results has been problematic, because most studies sampled only a
single site or a pooled combination of a few sites for the detection of HPV. Studies sampling
the urethra were some of the first to report a protective effect among circumcised men and
their risk of HPV infection and lesions [5, 6]. Aynaud et al. [5] reported an inverse
association between circumcision and HPV infection at the urethra (OR, 0.76 [95% ClI,
0.58-1.01]), and a subsequent case-control study by Castellsague et al. [1] showed an even
stronger association with sampling of the urethra and glans penis/coronal sulcus (OR, 0.37
[95% CI, 0.16-0.85]). Our results are similar to those reported in other studies that sampled
the urethra [1, 5]. Furthermore, the associations we report for other sites sampled, including
the glans penis/coronal sulcus, shaft, and scrotum, aid in comparing results with those of
other studies. Two studies also demonstrated reduced odds of HPV detection at external
penile sites when the urethra was not sampled [7, 10].

The recent study by Hernandez et al. [18], which examined HPV detection in men at various
sites is, to our knowledge, the only comparable assessment of the role played by
circumcision in HPV detection. We observed similar AORs for the association between
circumcision and any HPV detection at the coronal sulcus/glans penis. Our additional
sampling of the urethra and semen allowed us to detect a strong association with
circumcision at the urethra alone and when urethra and semen sample results were
combined. Although our AORs are similar to those previously published, our more
conservative APRs, though closer to the null, remained significant for the glans penis/
coronal sulcus and urethra. These prevalence ratios may provide a better estimate of the
protective effect of circumcision on the incidence of HPV infection. In light of the results of
the present study and of the published literature, it appears that circumcision is inversely
associated with HPV detection at the urethra and coronal sulcus/glans penis and is
marginally associated with lower odds of HPV detection at the penile shaft.
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Circumcision may provide protection among men with higher-risk behavior. Our analyses
demonstrate significant reductions in the odds of HPV detection at the glans penis/coronal
sulcus and urethra among men at highest risk of exposure to HPV infection. Although these
AORs were not significantly different across exposure strata, there may be reason to suspect
that men at the highest risk of HPV exposure might benefit more than those at lower risk.
Castellsague et al. [1] noted a stronger association between men’s circumcision status and
cervical cancer in female partners among high-risk men (AOR, 0.18 [95% CI, 0.04-0.89])
than among intermediate-risk men (AOR, 0.50 [95% CI, 0.27-0.94]) or low-risk men (AOR,
1.61 [95% Cl, 0.86-3.02]), when risk was defined by lifetime number of sex partners and
age at first intercourse. Such a difference in effect by risk stratum has also been
hypothesized for effect of circumcision in preventing HIV infection [23]. Further studies
will be required to elucidate the interplay among circumcision and other risk factors for
HPV infection in men. In the present study, associations became apparent or were stronger
when men who had not had sex in the past 3 months were excluded and after adjustment for
smoking, lifetime number of female sex partners, and condom use in the past 3 months.

The limitations of this study include the low proportion (16.0%) of uncircumcised men,
which reflects the common practice of circumcising male newborns in the United States
This trend may vary across subpopulations of men in the United States The prevalence of
circumcision in the United States varies by race and ethnicity and by birth cohort; 88% of
non-Hispanic white men and 42% of Mexican American men aged 14-59 years were
circumcised. Those born in the 1980s were significantly less likely to be circumcised than
those born in the 1970s [24]. Larger studies may be able to detect additional site-specific
associations between HPV infection and circumcision or to evaluate additional cofactors,
such as country of origin and birth cohort. Continued research is needed regarding
circumcision and HPV detection, infection, and persistence, in addition to the cost-
effectiveness of circumcision for preventing HPV disease. The duration of HPV infection
may be key to transmission and carcinogenesis; therefore, the association between
circumcision and HPV detection in men should be addressed in longitudinal studies. Studies
currently under way to evaluate the efficacy of circumcision on the prevention of HPV
infection may provide additional insights.
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Characteristics of participants in the HPV Detection in Men study, by circumcision status (1= 463).

Table 1

Participants, no. (%)

Characteristic Circumcised (n =389)  Uncircumcised (n = 74) P
Age .06
18-19 years (n=50) 42 (10.8) 8(10.8)
20-24 years (n=181) 142 (36.5) 39 (52.7)
25-29 years (7= 90) 76 (19.5) 14 (18.9)
30-34 years (n=63) 57 (14.7) 6(8.1)
35-40 years (7= 79) 72 (18.5) 7(9.5)
Race <.001
White (7 =324) 297 (76.4) 27 (36.5)
Black (7 =9) 5(1.3) 4(5.4)
Asian/Pacific Islander (7 =19) 7(1.8) 12 (16.2)
American Indian/Alaska Native (17 =33) 25 (6.4) 8(10.8)
Other/unknown (77 =78) 55 (14.1) 23 (31.1)
Ethnicity <.001
Non-Hispanic (7= 384) 337 (86.6) 47 (63.5)
Hispanic (n=79) 52 (13.4) 27 (36.5)
No. of cigarettes currently smoked per day <.01
0-9 (1= 404) 331 (86.9) 73 (98.7)
>10 (n=51) 50 (13.1) 1(1.4)
Lifetime no. of female sex partners .82
1-5 (n= 158) 130 (34.9) 28 (40.6)
6-10 (7= 92) 79 (21.2) 13 (18.8)
11-20 (7= 105) 89 (23.9) 16 (23.2)
>21 (n=87) 75 (20.1) 12 (17.4)
No. of female sex partners in the past 3 months .02
0 (n=61) 46 (11.9) 15 (20.3)
1 (n=274) 240 (62.2) 34 (45.9)
>2 (n=125) 100 (25.9) 25 (33.8)
Condom use with vaginal sex in the past 3 months .09
Less than half the time (7= 221) 194 (55.9) 27 (44.3)
At least half the time (7= 187) 153 (44.1) 34 (55.7)
Genital wart(s) found during clinic visit .06
No (7= 445) 371 (95.4) 74 (100)
Yes (n=18) 18 (4.6) 0(0)
Ever had a sex partner with an abnormal Pap smear result .02
No (7= 153) 122 (31.4) 31 (41.9)
Yes (n=107) 99 (25.5) 8 (10.8)
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Participants, no. (%)
Characteristic Circumcised (N =389)  Uncircumcised (n = 74) P
Don’t know (/7= 203) 168 (43.2) 35 (47.3)

NOTE. Not all categories total 463 because of missing responses. HPV, human papillomavirus.
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Associations between circumcision and any, oncogenic, or nononcogenic human papillomavirus (HPV)
detection in the HPV Detection in Men study, by genital anatomic site(s) or semen.

Table 2

HPV positive, no. (%)

Site, genotype Circumcised Uncircumcised OR  AOR2(95% ClI)
Any site

Any type (1= 463) 199 (51.2) 38 (51.4) 0.99  0.53(0.28-0.99)

Oncogenic (7= 463) 112 (28.8) 23(31.1) 0.90  0.56 (0.30-1.06)

Nononcogenic (/7= 463) 87 (22.4) 15 (20.3) 1.13  0.84(0.43-1.67)
Glans penis/coronal sulcus

Any type (1= 444) 111 (29.8) 25 (35.2) 0.79  0.44 (0.23-0.82)

Oncogenic (7= 444) 52 (13.9) 13 (18.3) 0.72  0.47 (0.22-0.99)

Nononcogenic (/7= 444) 59 (15.8) 12 (16.9) 0.92 0.62(0.29-1.29)
Shaft

Any type (1= 449) 152 (40.2) 29 (40.9) 0.97  0.53(0.28-0.99)

Oncogenic (7= 449) 80 (21.2) 18 (25.4) 0.79 (.50 (0.25-1.00%)

Nononcogenic (7= 449) 72 (19.1) 11 (15.5) 1.28  0.85(0.40-1.80)
Scrotum

Any type (1= 441) 96 (25.9) 17 (24.3) 1.09  0.73(0.37-1.44)

Oncogenic (7= 441) 48 (12.9) 9(12.9) 1.01  0.68 (0.29-1.62)

Nononcogenic (7= 441) 48 (12.9) 8 (11.4) 1.15 0.86 (0.36-2.06)
Urethra

Any type (n=278) 18 (7.8) 7(14.9) 048  0.17 (0.05-0.56)

Oncogenic (7= 278) 9(3.9) 1(2.1) 1.86 1.24(0.14-10.80)

Nononcogenic (7= 278) 9(3.9) 6 (12.8) 0.28  0.04 (0.01-0.23)
Semen

Any type (1= 343) 12 (4.2) 4(7.1) 0.57  0.48 (0.12-1.96)

Oncogenic (7= 343) 9(3.1) 2(3.6) 0.87  0.52(0.10-2.78)

Nononcogenic (7= 343) 3(1.1) 2(3.6) 0.29  0.41(0.03-5.07)
Anal canal

Any type (1= 386) 33 (10.3) 6(9.1) 115  0.80 (0.28-2.30)

Oncogenic (7= 386) 14 (4.4) 3(4.6) 0.96  0.48 (0.09-2.57)

Nononcogenic (/7= 386) 19 (5.9) 3(4.6) 1.33  1.07(0.29-3.95)
Perianal area

Any type (1= 436) 35 (9.5) 10 (14.5) 0.62  0.46 (0.20-1.04)

Oncogenic (7= 436) 14 (3.8) 4(5.8) 0.64 0.31(0.51-1.11)

Nononcogenic (/7= 436) 21(5.7) 6(8.7) 0.64 0.58 (0.21-1.60)
Urethra/semen

Any type (7= 268) 26 (11.7) 9 (19.6) 055  0.29 (0.11-0.81)
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HPV positive, no. (%)

Site, genotype Circumcised Uncircumcised OR  AOR2(95% ClI)
Oncogenic (7= 268) 14 (6.3) 2 (4.4) 1.48  0.96 (0.20-4.64)
Nononcogenic (/7= 268) 12 (5.4) 7(15.2) 0.32  0.09 (0.02-0.39)

Glans/shaft/scrotum
Any type (7= 421) 171 (48.3) 30 (44.8) 1.15  0.68 (0.36-1.27)
Oncogenic (7= 421) 92 (26.0) 19 (28.4) 0.89  0.56 (0.29-1.11)
Nononcogenic (/7= 421) 104 (29.4) 16 (23.9) 1.33  0.91(0.47-1.78)

NOTE. AOR, adjusted odds ratio; ClI, confidence interval; OR, odds ratio.

a. . . . o .
Adjusted for date of analysis, smoking status, lifetime no. of female sex partners, and condom use in the past 3 months.

b.05 < P<.10.
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