Prevalence of HPV Infection among Men:
A Systematic Review of the Literature

Eileen F. Dunne,' Carrie M. Nielson,® Katherine M. Stone,? Lauri E. Markowitz,' and Anna R. Giuliano®

'Division of STD Prevention, US Centers for Disease Control and Prevention, and “Consultant practice, Atlanta, Georgia; *Arizona Cancer Center,
University of Arizona, Tucson; “Department of Interdisciplinary Oncology, H. Lee Moffitt Cancer Center and Research Institute, Tampa, Florida

Background. Human papillomavirus (HPV) infection is estimated to be the most common sexually transmitted
infection; an estimated 6.2 million persons are newly infected every year in the United States. There are limited
data on HPV infection in heterosexual men.

Methods. We conducted a systematic review of the literature by searching MEDLINE using the terms “human
papillomavirus,” “HPV,” “male,” “seroprevalence,” and “serology” to retrieve articles published from 1 January
1990 to 1 February 2006. We included studies that had data on population characteristics and that evaluated male
genital anatomic sites or specimens for HPV DNA or included assessments of seropositivity to HPV type 6, 11,
16, or 18 in men. We excluded studies that had been conducted only in children or immunocompromised persons
(HIV infected, transplant recipients, or elderly).

Results.  'We included a total of 40 publications on HPV DNA detection and risk factors for HPV in men; 27
evaluated multiple anatomic sites or specimens, 10 evaluated a single site or specimen, and 3 evaluated risk factors
or optimal anatomic sites/specimens for HPV detection. Twelve studies assessed site- or specimen-specifi HPV
DNA detection. HPV prevalence in men was 1.3%-72.9% in studies in which multiple anatomic sites or specimens
were evaluated; 15 (56%) of these studies reported =20% HPV prevalence. HPV prevalence varied on the basis
of sampling, processing methods, and the anatomic site(s) or specimen(s) sampled. We included 15 publications
reporting HPV seroprevalence. Rates of seropositivity depended on the population, HPV type, and methods used.
In 9 studies that evaluated both men and women, all but 1 demonstrated that HPV seroprevalence was lower in
men than in women.

Conclusion. HPV infection is highly prevalent in sexually active men and can be detected by use of a variety
of specimens and methods. There have been few natural-history studies and no transmission studies of HPV in
men. The information that we have reviewed may be useful for future natural-history studies and for modeling
the potential impact of a prophylactic HPV vaccine.

Human papillomaviruses (HPVs) are members of the
Papillomaviridae family of DNA viruses. More than 100
types have been identified ~40 types infect the ano-
genital region. Anogenital HPV types have been further
classifie into low-risk types (e.g., 6 and 11), which are
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associated with anogenital warts and mild dysplasia,
and high-risk types (e.g., 16, 18, 31, and 45), which are
associated with high-grade dysplasia and anogenital
cancers, such as cervical and anal carcinoma. Anogen-
ital HPV infections are the most common sexually
transmitted infection; an estimated 6.2 million persons
are newly infected every year in the United States [1,
2]. Most infections are asymptomatic or subclinical and
become undetectable over time.

Most research has focused on HPV infection in
women because of the association between HPV in-
fection and cervical cancer; however, information on
HPV infection and serologic responses to infection in
men is informative for evaluations of the potential
impact of prophylactic HPV vaccines [3, 4]. We review
studies of asymptomatic anogenital HPV infections in
men and the seroprevalence of HPV types 6, 11, 16,
and 18.
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METHODS

We conducted a systematic review of the literature by searching
MEDLINE for articles published in English from 1 January
1990 through 1 February 2006. We also included references
from the retrieved publications. We excluded studies conducted
only in children <12 years old or immunosuppressed persons
(HIV infected, transplant recipients, or elderly) and studies that
included <20 men. When possible, we included results only for
asymptomatic men.

To retrieve publications reporting HPV DNA prevalence, we
used the search terms “HPV,” “human papillomavirus,” and
“male.” We included studies that used polymerase chain re-
action or hybrid capture to detect HPV DNA from genital
anatomic sites or specimens. We excluded publications that
evaluated only prostate, anal, or testicular samples.

To retrieve publications reporting HPV seropositivity, we
used the same search terms but also included “serology” and
“seroprevalence.” We included studies that evaluated IgG an-
tibodies to HPV-6, -11, -16, and -18 virus-like particles (VLPs)
or to L1 or L2 peptides.

RESULTS

HPV DNA detection studies. Our search identifie 148 eli-
gible studies; review of these studies resulted in the inclusion
of 43 publications. Three studies had information reported in
another publication and were excluded, resulting in a total of
40 studies [5—44]. Two studies had information on risk factors
only [43, 44], and 1 study had information on anatomic sites
and samples [42].

Study populations included a variety of age and racial/ethnic
groups in diverse geographic locations. Twenty-seven studies
evaluated multiple anatomic sites and specimens (table 1) [6—
9,11-13, 16, 19, 22, 23, 25-28, 30—41], and 10 studies evaluated
single sites or specimens (table 2) [5, 10, 14, 15, 17, 18, 20, 21,
24, 29]. Twelve studies evaluated multiple sites or specimens
and reported the results for each site or specimen separately
(table 3) [11, 12, 22, 23, 25, 30-33, 35, 36, 42]. Four longi-
tudinal studies evaluated the incidence and/or persistence of
HPV (table 4) [19, 31, 34, 41].

HPYV prevalence in men was 1.3%-72.9% in studies in which
multiple anatomic sites or specimens were evaluated; 15 (56%)
of these studies reported an overall HPV prevalence =20%
(table 1). HPV prevalence varied both within and among pop-
ulations (figu e 1).

Sampling methods. Sampling methods varied among stud-
ies. Most sampling methods involved rubbing or rotating a
swab or brush, either dry or moist, on the genital epithelium.
One study that evaluated 3 different sampling techniques (10
men for each method) found that using a saline-wetted sterile
Dacron swab after having rubbed the sampling site with a small

piece of emery paper was superior for specimen adequacy to
using the swab alone or using a saline-wetted sterile cytobrush
[32]. One study found that self-collection yielded a greater
proportion of adequate specimens than physician-collected
specimens [36].

Sites of detection. The prevalence of HPV varied on the
basis of sampling, processing methods and the anatomic site(s)
or specimen(s) sampled. Twelve studies compared HPV detec-
tion in individual anatomic sites or specimens (table 3). Most
studies evaluated the glans, corona, prepuce, or shaft of the
penis. Although no 2 studies included all the same sites, 8
sampled the corona and/or glans, and the reported HPV prev-
alence was 6.5%-50% [11, 22, 23, 30-33, 36]. Three studies
evaluated the penile shaft, and the reported HPV prevalence
was 5.6%-51.5% [11, 32, 36]. Four studies sampled the pre-
puce, and the reported HPV prevalence was 24.0%-50.0% [23,
32, 33, 36]. HPV prevalence was 7.1%-46.2% in 5 studies that
evaluated the scrotum [11, 23, 32, 36, 42]. Seven studies eval-
uated the distal 1-3 cm of the urethra, and the reported HPV
prevalence was 8.7%—-50% [12, 22, 23, 31, 33, 35, 42]. The few
studies that evaluated the perianal area, anus, or rectum found
an HPV prevalence of 0%-32.8% [11, 23, 30, 31]. Semen was
evaluated in 2 studies that compared multiple anatomic sites
and specimens [25, 35] and in 7 studies that evaluated semen
as a single specimen [5, 15, 17, 20, 21, 24, 29]; HPV was detected
in 2.2%-41.3% of men evaluated and in up to 82.9% of spec-
imens. Most studies that evaluated urine reported an HPV prev-
alence of <7% [11, 12, 22, 25, 32, 35]. Seven studies reported
sample adequacy by the evaluation of 3-globin [11, 12, 22, 32,
35, 36, 42]. Samples collected from the prepuce, shaft, glans,
corona, and scrotum were the most likely to have adequate
DNA; 70%-98.5% were (3-globin positive.

HPV DNA types. The most common anogenital HPV types
detected in men varied by study but were similar to the types
commonly detected in women. Type 16 was consistently among
the most common; however, other types were also reported
(types 6, 11, 18, 31, 33, 42, 52, 53, 54, 59, and 84) [7, 9, 27,
39, 41]. One study found that undetermined types may be
found more frequently in men than in women [39]. Multiple
types were commonly found in men; 51.1% of men with HPV
in one study had multiple HPV types detected [41].

Risk factors for HPV DNA detection. Ten studies evaluated
the risk factors associated with HPV infection in men in a cross-
sectional analysis [6, 9, 13, 22, 26, 27, 30, 41, 43, 44]; of these,
5 reported factors statistically significantl associated with in-
fection. Few studies included multivariate analyses to evaluate
factors independently associated with HPV infection [27, 43].
Two studies included multivariate analysis to evaluate the fac-
tors independently associated with the acquisition or persis-
tence of HPV infection [19, 41].

Measures of sexual behavior were associated with HPV in-
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Table 3. Human papillomavirus (HPV) DNA detection, by anogenital

site or specimen.

Reference, anatomic site
or specimen (no.)

Adequate
samples,? no. (%)

HPV-positive
samples,b no. (%)

Aguilar et al.? 2006 [42]
Urethra (298)

Urethral meatus (522)
Penis and scrotum (820)

Hernandez et al. 2006 [36]

Physician collected
Shaft (136)
Scrotum (136)
Prepuce (22)
Glans/corona (136)

Self-collected
Shaft (136)
Scrotum (136)
Glans/corona (136)
Prepuce (22)

Nicolau et al. 2005 [23]
Internal prepuce (50)
Urethra (50)

Glans (50)

External prepuce (50)

Scrotum (50)

Anus (50)

Weaver et al. 2004 [32]

Urine (314)
Prepuce (58)
Shaft (317)
Glans (317)
Scrotum (317)

Fife et al. 2003 [11]
Urine (20)

Shaft (20)

Glans (20)

Scrotum (20)

Inguinal area (20)

Perianal (20)

Perineum (20)

Van der Snoek et al. 2003 [30]
Anus (241)

Corona (241)

Rintala et al. 2002 [25]
Semen (18)
Pre-ejaculatory urine (18)
Vas deferens (27)
Postejaculatory urine (18)

Lazcano-Ponce et al. 2001° [22]
Urethra and corona (120)
Urine (120)

298 (100)
512 (98.1)
591 (72.1)

129 (94.8)
119 (87.5)

21 (95.4)
116 (85.3)

134 (98.5)
130 (95.6)
133 (97.8)

21 (95.4)

UNK
UNK
UNK
UNK
UNK
UNK

313 (99.7)

57 (98.3)
311 (98.1)
309 (97.5)
298 (94.0)

19 (95.0)
18 (90.0)
14 (70.0)
14 (70.0)
12 (60.0)
11 (55.0)
9 (45.0)

UNK
UNK

UNK
UNK
UNK
UNK

114 (95.0)
29 (24.2)

62 (20.8)
62 (12.1)
274 (46.4)

66 (51.2)
49 (41.2)

7 (33.3)
37 (31.9)
6
6

9 (51.5)
0
44
6

(

(46.2)
(33.1)
(28.6)

22 (44.0)
15 (30.0)
12 (24.0)
12 (24.0)
6 (12.0)
4 (8.0)

18 (5.8)
16 (28.1)
77 (24.8)
51 (6.5)
53 (17.8)

1(56.3)
1 (5.6)
2 (14.3)
1(7.1)
1(8.3)
0

0

79 (32.8)
38 (15.8)

5 (27.8)
4 (22.2)
5 (18.5)
3 (16.7)

41 (42.7)
2 (6.9)

(continued)
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Table 3. (Continued.)

Reference, anatomic site
or specimen (no.)

samples,? no. (%)

Adequate HPV-positive

samples,b no. (%)

Astori et al. 1995 [35]
Semen (70)
Urine (70)
Urethra (70)

Van Doornum et al. 1994 [31]
Urethra (85)
Corona (85)
Rectum (85)
Anus (85)

Forslund et al. 1993 [12]
Urethra (143)
Urine (143)

Wikstrom et al. 1991¢ [33]
Corona and prepuce (135)
Urethra (135)

70 (100) 58 (82.9)
55 (78.6) 18 (32.7)
9 (12.9) 4 (44.4)
UNK 16 (18.8)
UNK 6 (7.1)
UNK 4(4.7)
UNK 1(1.2)
143 (100) 12 (8.7)
138 (96.5) 5 (3.6)
UNK (50)
UNK (50)

NOTE. UNK, unknown.
@ Determined by $-globin detection.

b Percentage of adequate samples at the site (3-globin positive).
¢ Authors excluded virgins (n = 18) when calculating prevalence, so the denominator

was 96.
9 Based on a bar chart.

fection in men. Five cross-sectional studies found risk factors
related to sexual behavior, including young age at firs sexual
intercourse [9]; a greater number of regular, lifetime, and recent
sex partners [13, 27, 44]; and a greater number of sex partners
before and during marriage [9, 44]. In addition, female sex
partners’ lifetime number of sex partners [44] and a high fre-
quency of sexual intercourse [43] were associated with HPV
detection. However, only 2 of these studies included a multi-
variate analysis that adjusted for confounding [27, 43]. Lon-
gitudinal studies found that anal intercourse with men [41]
and having had =3 sex partners [19] were independently as-
sociated with HPV acquisition.

The effect of condom use was evaluated in 5 cross-sectional
analyses [13, 30, 41, 43, 44], 1 of which found, after controlling
for confounding factors, a significan reduction in the risk of
HPV infection in men who used condoms consistently [43].
Consistent condom use during the preceding 3 months was
associated with a decreased risk of both any and high-risk HPV
infection; condom use during the last occurrence of anal sex
was associated in the same study with a decreased risk of low-
risk HPV infection [43]. Another study demonstrated that con-
dom use significantl reduced the risk of HPV in circumcised
men but not in uncircumcised men [44]. One longitudinal study
found that consistent or occasional condom use was indepen-
dently associated with a reduced risk of acquiring HPV [19].

The effect of circumcision was evaluated in 5 cross-sectional
studies [26, 27, 41, 43, 44], 3 of which found, after adjusting

for confounding factors, that circumcision was associated with
a statistically significan lower risk of HPV infection [27, 41,
43]. The statistically significan reduction in risk ranged from
20% to 48%. One longitudinal study found that self-reported
circumcision was independently associated with a reduced risk
of HPV persistence [19].

Two cross-sectional studies evaluated factors associated with
the detection of high-risk versus low-risk HPV types [27, 43];
only 1 adjusted for confounding factors [43]. Factors associated
with high-risk HPV types were young age [27], a higher lifetime
number of sex partners [27], and higher frequency of sexual
intercourse [43]. High-risk HPV types were less likely to be
detected in circumcised men or in those who had used condoms
consistently during the preceding 3 months [43]. Factors as-
sociated with the detection of low-risk HPV types were young
age [27], a history of genital warts [27], the presence of genital
warts [43], and the number of sex partners during the preceding
year [27]. Low-risk HPV types were less likely to be detected
in circumcised men and in those who had used condoms during
their last occurrence of anal sex [43]. Two longitudinal studies
found that the detection of >1 HPV type at baseline was in-
dependently associated with HPV persistence [19, 41].

Natural-history studies. Only 4 studies prospectively eval-
uated HPV infection in men [19, 31, 34, 41] (table 4). The
duration of follow-up varied among studies. Of men who tested
negative for HPV at baseline, between 13.8% and 22.7% ac-
quired HPV (i.e., tested positive during follow-up). Indepen-
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Figure 1. Human papillomavirus (HPV) prevalence in men of various populations. Each circle represents a study, the size of the circle indicates the
no. of men tested, and the center of the circle is the point estimate of prevalence. CIN, cervical intraepithelial neoplasia; STD, sexually transmitted

disease.

dent predictors of HPV acquisition were anal sex with other
men (adjusted odds ratio [AOR], 5.34 [95% confidenc interval
{CI}, 1.18-24.2]) [41] and having had =3 sex partners since
the last clinic visit (AOR, 17.2 [95% CI, 4.6-64.7]) [19]. Factors
independently associated with a reduced risk of HPV acqui-
sition were consistent or occasional condom use (AOR, 0.2
[95% CI, 0.1-0.8]) [19] and high socioeconomic status (AOR,
0.28 [95% CI, 0.12-0.64]) [41].

The definitio of persistence varied by study; persistence
occurred in 6%—-11% of men in the study or in 50%-57.5%
of men with HPV infection at the baseline visit. Factors as-
sociated with persistence included multiple HPV types detected
at the baseline visit and circumcision [19, 41].

Transmission studies. Few studies have evaluated HPV in-
fection in both men and their female sex partners; all of these
studies published to date have evaluated cross-sectional con-
cordance [6, 23, 37, 39]. A recent cross-sectional study of het-
erosexual couples found that 37% of partners were infected
with the same HPV type. Notable finding were that overall
viral loads were much lower in penile-scrape specimens than
in cervical-scrape specimens. Higher loads of HPV-16 were as-
sociated with having a partner who was also positive for HPV-
16 [39]. Another study that assessed HPV by DNA detection
or peniscopy found that 76% of male sex partners of women
with HPV were HPV DNA positive; that study did not evaluate
type-specifi concordance [23]. A study of 50 couples found
that HPV type—specifi concordance between sex partners was
more common than predicted by chance (P = .01) [6]. Another
study found that only 22.7% of couples had the same HPV
type in genital specimens [37].

To our knowledge, there have been no longitudinal trans-

mission studies; however, recent modeling efforts seeking to
match transmission characteristics to available incidence and
prevalence data estimated the median probability per sex act
of HPV transmission to be ~40% (range, 5%—100%) [45].

HPYV seroprevalence studies. We identifie 42 studies of
HPV seroprevalence; 14 met our inclusion criteria (table 5)
[46-59]. Eleven publications evaluated HPV-16 seroprevalence
[46, 49-55, 57-59]; 5 evaluated HPV-6 seroprevalence [47, 49,
51, 55, 56]; 4 evaluated HPV-11 seroprevalence [48, 51, 55,
56]; and 1 evaluated HPV-18 seroprevalence [59]. One study
used a combined assay for HPV-6 and -11 seroprevalence [51].
Nine studies compared HPV seroprevalence in men and women
[46-48, 51-53, 57-59].

HPV-16 seropositivity differed by study population; most
studies in sexually transmitted disease (STD) clinics reported
a higher rate of seropositivity than studies in other populations.
The range of reported seropositivity in male STD clinic atten-
dees was between 18.7% [58] and 48% [49] in the United States.
The seropositivity to HPV-16 in males in the general population
was 7.9% in the United States [57]. HPV-16 seropositivity was
similar in male STD clinic attendees in Denmark, Greenland,
and Jamaica [52, 53]; however, a lower seroprevalence was
noted in China, and a higher seroprevalence was noted in
Sweden [54, 55]. Eight of 9 studies that compared seropreva-
lence in men and women reported a higher seroprevalence in
women than in men [46, 48, 51-53, 57-59].

Comparisons of studies of HPV-6, -11, and -18 seropositivity
were more difficult because most studies of HPV-6 and -11
were conducted in STD clinic attendees, and the study of HPV-
18 was conducted in clinics or community centers. HPV-6 or
-11 seroprevalence ranged from 26.4% [51] to 41% [49] in one

HPV in Men * JID 2006:194 (15 October) * 1053
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Table 5. Human papillomavirus (HPV) seroprevalence in men.

Age, HPV
Reference Study population (location) No. range, years  types Prevalence, %
Kreimer et al. 2004 [59] Community centers and clinics (MD) 340 18-72 16 14.1
18 18.8
Thompson et al. 2004 [68] Heterosexual STD clinic attendees (US) 786 =14 16 18.7
Stone et al. 2002 [57] General population (US) 3110 12-59 16 7.9
Carter et al. 2001 [46] Control subjects from general population (WA)? 797 NA 16 12.6-15.6
Slavinsky et al. 2001 [51] STD clinic attendees (LA) 583 NA 6, 11 26.4
16 32.8
Hisada et al. 2000 [50] HMO members (CA) 63 NA 16 30
Strickler et al. 1999 [52] Blood donors (US) 140 17-72 16 3
Blood donors (Jamaica) 141 17-80 16 19
STD clinic attendees (Jamaica) 404 15-70 16 29
Hagensee et al. 1997 [49] HIV-negative MSM attending a clinic for HIV testing (WA) 101 16-50 6 41
16 48
Svare et al. 1997 [53] Men attending STD clinics (Denmark) 219 18-56 16 19
(Greenland) 88 18-58 16 26
Wikstrom et al. 1997 [56] STD clinic attendees (Sweden) 198 18-58 6 10
" 27
Eisemann et al. 1996 [48] Fertility clinic attendees (Germany) 124 17-73 11 3.2
Blood donors (Germany)® 66 22-65 11 16.7
Hospitalized patients (Germany)b 39 22-60 11 5.3
Wideroff et al. 1996 [54] Community members (China) 60 NA 16 0
Carter et al. 1995 [47] HMO members with no history of genital warts (WA) 137 NA 6 26
Wikstrom et al. 1992 [55] STD clinic attendees (Sweden) 116 18-58 6 L1, 27; L2, 68
11 L1, 25
16 L1, 52

NOTE. HMO, health maintenance organization; MSM, men who have sex with men; NA, not available; STD, sexually transmitted disease.

@ Control subjects from a case-control study of anal and penile cancer.
b Age ranges were reported for female and male subjects combined.

study. The estimate of HPV-18 seroprevalence in one study was
18.8% [59].

Risk factors for HPV seropositivity. Six studies reported
factors associated with HPV seropositivity [49, 51-53, 57, 58],
and all included multivariate analyses to identify factors in-
dependently associated with HPV seropositivity. All studies
evaluated HPV-16 seropositivity as an outcome; one also eval-
uated HPV-6 and -11 seropositivity [51], and another evaluated
HPV-6 seropositivity [49].

Age was evaluated in 6 studies [49, 51-53, 57, 58]. In 3
studies, age (generally, being >20 years old) was associated with
an increased likelihood of detection of HPV-16 antibodies [51,
52, 58]. No association was observed between age and HPV-6
and -11 seropositivity in the 2 studies that evaluated age as a
risk factor [49, 51].

Sexual behavior was evaluated in 6 studies [49, 51-53, 57,
58] and was found to be independently associated with HPV
seropositivity, including the lifetime [53] and recent [49, 51,
52, 58] number of sex partners. Having had >1 occasional sex
partner within the preceding year was associated with an in-
creased risk of HPV seropositivity in 1 study [58]. Younger age

(<18 years) at firs sexual intercourse was evaluated in 2 studies
[53, 57] and was a significan risk factor in 1 study [53]. One
study found an increased risk of HPV-16 seropositivity in men
who had had sex with a man [57].

Three studies, 2 of which included multivariate analyses,
evaluated condom use and HPV seropositivity [51, 52, 58].
One study found that HPV-16 seropositivity was more likely
to occur with less-frequent condom use during the preceding
year (never vs. more than one-half the time) [52]. One study
examined consistent condom use in a bivariate analysis and
found no significan association between condom use and the
detection of HPV-16 or -6 and -11 antibodies [51].

DISCUSSION

HPV infection is common in sexually active men and can be
detected by use of a variety of specimens and methods. HPV
in asymptomatic men is frequently associated with various mea-
sures of sexual activity. Few studies are available that have de-
termined the frequency of acquisition and the duration of in-
fection in men.

1054 « JID 2006:194 (15 October) ¢ Dunne et al.
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Our review demonstrates a wide range of HPV DNA prev-
alence among men, depending on the study population and
the type and number of anatomic sites evaluated. Most studies
in men found prevalences as high as those reported in studies
in women. Our review identifie HPV prevalence in men as
high as 72.9% and usually =20%; HPV prevalence in women
in one systematic review was 14%-90% [60].

The best anatomic sites for sampling in men—taking into
consideration convenience of sampling, adequacy of the sam-
ple, and detection of HPV DNA—appear to be the glans, co-
rona, prepuce, and shaft of the penis. It is possible that com-
bined samples from these sites may be optimal. Sampling from
these sites appears to have several advantages: samples are con-
sistently adequate, and sample collection is simple and painless.
Scrotum samples are often adequate, but, in most studies, they
were less likely to yield HPV DNA. The prepuce, when present,
is possibly the best single site for HPV DNA detection.

Specimens that are less useful include urine, semen, and
urethral swabs. The source of infection in these specimens is
unclear, but it could be the urethra, seminal fluid sperm, or
vas deferens. Semen and urethral specimens often have ade-
quate 3-globin and HPV DNA but are difficul and sometimes
uncomfortable to collect. 3-globin and HPV DNA detection is
often poor from urine specimens, although these specimens
could be the easiest to obtain.

The sites on the penis that consistently yield HPV—the glans,
corona, prepuce, and most of the shaft—are covered when a
condom is properly used. However, it is clear that other areas,
such as the scrotum and inguinal area, may also harbor HPV;
despite consistent and correct condom use, these areas would
not be protected or covered by a condom. Although it was less
common than at other sites, 7.1%—46.2% of men had HPV
detected on the scrotum or inguinal area.

Factors associated with HPV infection and seropositivity in
men varied across studies; however, the most consistent find
ings were associations with sexual behavior. The potential value
of circumcision in preventing HPV infection is unclear. Most
cross-sectional studies and 1 longitudinal study demonstrated
a lower risk of HPV infection associated with circumcision.
One study demonstrated significan differences between cir-
cumcised and uncircumcised men that could have resulted in
confounding [44]; not all studies take into consideration char-
acteristics of the population such as sexual behaviors and cul-
tural differences when evaluating this characteristic. An ongoing
randomized controlled clinical trial measuring the effect of cir-
cumcision on the prevention of HPV will address some ques-
tions regarding the value of circumcision for the prevention of
HPV.

Serologic testing for IgG antibodies to HPV may be a better
measurement of cumulative exposure; antibodies may indicate
past infection in persons who have no history or current signs

of HPV disease. Previous evaluations of serologic testing in
women demonstrated that serologic testing likely underes-
timates the cumulative incidence of HPV infection [61]. We
found that HPV seroprevalence varied depending on the pop-
ulation evaluated. The detection of HPV antibodies may be
more common in persons with disease such as anogenital warts,
but not all men with these clinical finding have antibodies to
HPV infection, and many never develop an immune response.
The higher HPV seroprevalence in men with a history of ano-
genital warts, compared with men who have warts at the time
of sampling, is attributed to the time it takes to develop an
immune response to HPV [55, 56].

A higher seroprevalence of HPV types 6, 11, 16, and 18 has
been found in women than in men. Possible explanations may
be related to the sites of infection in men, compared with those
in women; the vigor of the serologic response to genital infec-
tion; or other host genetic and immunologic factors.

Our evaluation of HPV DNA prevalence has several limita-
tions. First, the methods for examining HPV DNA varied among
studies, including methods of sampling, HPV DNA detection,
analysis, and the reporting of results. Second, not all studies
evaluated the adequacy of the sample, which might influenc
HPV DNA detection. HPV DNA is detectable in the absence
of adequate (3-globin, but the significanc of this findin is
unclear [62].

Our evaluation of serologic studies also has several limita-
tions. Methods varied among studies, including methods to
determine cutoffs for positivity, the quantitation of antibodies
to VLPs, and the reporting of results. Cross-reactivity has been
observed between HPV types 6 and 11; among types 16, 31,
33, and 58; and among types 18, 39, 45, and 59 [63]. In addition
to cross-reactivity, which limits the specificit of findings there
is no standard method to establish ELISA absorbance cutoff
values for positivity. A common method for establishing a cut-
off value is to calculate the mean absorbance value and add 2
or 3 SDs; however, it is not clear whether the mean should be
determined from all subjects [53, 64], control subjects [54], vir-
gin women [47, 49], or children [51]. Karem et al. [65] rec-
ommended the use of multiple control groups (children and
adults) to obtain cutoff values applicable to the general popu-
lation. In addition, few publications reported the sensitivity and
specificit of their tests; when results were reported, they varied
considerably. In one study, 93% sensitivity and 98.5% specificit
was reported for an HPV-16 assay [57]; by contrast, another
study demonstrated 50.6% sensitivity and 90% specificit [46].

Many questions exist regarding the clinical utility of testing
men for HPV infection; there is no current indication for testing
men. At present, there is a Food and Drug Administration
(FDA)—approved HPV test that is indicated for women in the
setting of the screening and management of cervical cancer [66,
67]. Screening for HPV infection is not recommended for men
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for many reasons: infection is very common, no FDA-approved

test is available, and findin HPYV infection does not indicate

an increased risk of disease or cancer in men or their sex

partners. In addition, no therapy has been identifie that erad-

icates infection. The evaluation and treatment of male sex part-

ners of women with clinical or subclinical infection (genital

warts or abnormal Pap smear results) is also not known to
have a benefi [68, 69].

The present review of HPV infection and seroprevalence in

men will be useful for the design of natural-history studies and

the measurement of transmission. Future research will inform

models designed to estimate the impact of various prevention

strategies, including prophylactic HPV vaccines.
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