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ABSTRACT 

 
Introduction: Human papillomavirus (HPV) is the sexually transmitted etiologic 

agent of cervical cancer. While HPV infects both men and women, little is known about 

HPV infection in men. Specifically, knowledge of the prevalence of type-specific HPV 

infection and the distribution of these infections by anogenital anatomic site in men is 

incomplete. Evaluation of factors associated with HPV infection based on complete 

anogenital sampling and with HPV-16 antibody detection may lead to a better 

understanding of HPV transmission and prevention.  

Methods: A total of 493 asymptomatic men ages 18 to 40 years old were 

recruited in Tucson, Arizona, and Tampa, Florida, from 2003 to 2006. Eligibility 

requirements included having had sex with a woman within the past year and having no 

history of genital warts. Testing for HPV from anogenital swabs from six anatomic sites 

and semen was conducted by PCR and reverse line blot genotyping for 37 HPV types. 

Serum antibodies for HPV-16 were detected by ELISA. Self-administered demographic, 

health, and sexual history/behavior questionnaires were collected. HPV prevalence and 

type distributions by anatomic site were calculated, as was seroprevalence of HPV-16 

antibodies. Multivariate logistic regression was used to identify independent risk factors 

for HPV infection at any anatomic site and for having HPV-16 antibodies. 

Results: HPV was detected in at least one sample for 303 (65.4%) men, with 

29.2% of men having an oncogenic infection and 36.3% having a non-oncogenic 

infection. Multiple HPV types were detected in 27.2% of men. Factors associated with 

infection were a greater lifetime number of female sexual partners, currently smoking 10 
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or more cigarettes per day, lack of condom use, and more sexual partners in the past three 

months. HPV-16 antibodies were detected in the serum of 63 (12.8%) men, and detection 

was associated with increasing age and concurrent detection of HPV DNA in perianal or 

anal canal samples. 

Discussion: The combination of more complete anogenital sampling and sensitive 

HPV detection for 37 HPV types resulted in a higher HPV prevalence in asymptomatic 

men than previously reported. Smoking and condom use were the most important 

modifiable risk factors for HPV in men. These results have implications for research of 

HPV transmission.  
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INTRODUCTION 

I.  Explanation of the problem 

 Human papillomavirus (HPV) is the most common sexually transmitted infection 

(STI) [1] and is the necessary cause of cervical cancer [2]. Approximately 60 HPV 

genotypes are known to infect the genital tract, 13 of which are considered “high risk” or 

oncogenic [3, 4]. Although infection is most often asymptomatic and transient, oncogenic 

genotypes of HPV are strongly associated with development of cervical cancer and are 

associated to varying degrees with other anogenital cancers in both men and women [5]. 

Non-oncogenic HPV types cause genital warts and other benign lesions [6].  

No therapy exists to eradicate HPV infection. Therefore, preventing HPV 

transmission and infection is a primary goal for preventing cervical cancer and genital 

warts. In order to interrupt sexual transmission, we must understand which anatomic sites 

and specimens are most often infected with which HPV types and what lifestyle and 

behavioral factors are associated with this asymptomatic infection. Recently, a vaccine 

against HPV types 6, 11, 16, and 18—those most often associated with genital warts and 

cervical dysplasia—has been shown to reduce HPV incidence by 90% in young women 

[7]. Researchers hypothesize a slightly greater reduction in disease from immunizing men 

as well as women than from immunizing women alone [8]. However, more complete 

knowledge of HPV prevalence, natural infection, and antibody response in men is 

required to predict the effect of immunization on transmission. In response to these 

needs, this study aims to study HPV in asymptomatic men. Specifically, the project seeks 

to: 
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1. Assess the type-specific prevalence among asymptomatic men of HPV infection 

for 37 HPV genotypes from six anogenital anatomic sites and semen. 

2. Determine the factors associated with detection of oncogenic, non-oncogenic, and 

any-type HPV infections in asymptomatic men. 

3. Measure the seroprevalence of antibodies to HPV type 16 in asymptomatic men 

and the factors associated with the presence of these HPV antibodies. 

 

II. Dissertation format 

 This dissertation is presented as two chapters and three appendices. The first 

chapter presents the research problem, study aims, and a review of the literature. The 

second contains study methods and a summary and discussion of results. The appendices 

are manuscripts that are being submitted for publication. All were written by the degree 

candidate, with input from the coauthors. All three appendices are based on one 

epidemiological study to which the candidate substantively contributed in these areas: 

questionnaire and clinical record development, subject recruitment, database 

development and maintenance, clinical sample processing, and study management. All 

analyses and interpretations represent the candidate’s independent and original 

contribution, completed with the advice of the dissertation committee and coauthors.  

 Appendix A contains a complete description of study methods and results from 

the HPV Detection in Asymptomatic Men study on HPV prevalence and HPV type 

distribution by anatomic site or specimen. This manuscript also provides a description of 
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the recruitment of participants, clinical sampling, HPV detection methods, and the 

demographic characteristics of the final population sample.  

 Appendix B builds on the first manuscript by identifying factors associated with 

detection of three classes of HPV infection—any type, oncogenic, and non-oncogenic—

among the same group of men. Associations with sociodemographic factors, sexual 

health and behavior, and history of sexually transmitted diseases in bivariate analyses are 

presented, and independent risk factors are identified through multivariate logistic 

regression. 

 Appendix C is the third manuscript. It is a report of HPV-16 seroprevalence and 

factors associated with seropositivity, including concurrent HPV-16 DNA infection, in 

the same sample of men. 

 
III. Review of the literature 

A. Overview of HPV disease in men and women 

 HPV is the most commonly acquired sexually transmitted infection (STI): an 

estimated 6.2 million people in the United States (U.S.) acquired a genital HPV infection 

in 2000 [1]. Approximately 60 HPV genotypes are known to infect the genital tract, 

thirteen of which are considered “high risk” or oncogenic [3, 4]. Although infection is 

most often asymptomatic and transient, oncogenic genotypes of HPV are strongly 

associated with cervical cancer and are associated to varying degrees with other 

anogenital cancers [5]. Non-oncogenic HPV types can cause genital warts and other 

benign lesions [6].  
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  There are over 150 types of HPV categorized by genetic homology and exhibiting 

tropism for epithelium in various anatomic sites. HPV is a double-stranded DNA virus 

with a circular genome of 7500 to 8000 base pairs and an icosahedral protein capsid of 72 

capsomers [9]. One of the capsid proteins, L1, is the basis for the virus-like particles that 

are assembled for use in enzyme-linked immunosorbent assays (ELISA) that allow the 

detection of HPV antibodies in serum [10] and for the immunogenic activity in 

prophylactic HPV vaccines [11]. The HPV virus cannot be cultured in vitro, and 

detection depends on isolating HPV DNA or antibodies from host samples. The best 

characterized HPV types associated with carcinogenesis are those that are required for 

cervical cancer, the genital mucosotropic types in genus alpha [3]. Several of these HPV 

types have also been associated with other cancers of the anogenital organs and 

aerodigestive tract [5, 12]. 

  HPV infection elicits both non-specific and specific immune responses in the 

host. Non-specific activities include activation of cytokines—tumor necrosis factor α, 

interleukin-1, transforming growth factor β, interferons, and leukoregulin—which inhibit 

the expression of the oncogenic HPV proteins E6 and E7, inhibit cell proliferation, and 

stimulate apoptosis [13]. The specific immune response involves HPV antigen 

presentation to generate neutralizing antibodies and specific cytotoxic T-cells. Antibodies 

are HPV-type specific; however, some cross-reactivity does occur, for example, among 

HPV types 16, 31, and 33 and among HPV types 6 and 11 [13]. HPV is often able to 

evade immune detection due to its residence in basal cells, where it promotes cell 

proliferation, rather than cell lysis, which would allow presentation of HPV antigens. For 
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this reason, the immune response to HPV is often less pronounced than that for other 

viruses [13].  

 

B. Burden of cervical cancer  

  Cervical cancer is the most important outcome of HPV infection, in terms of 1) 

incidence and mortality rates worldwide and 2) the cost of screening and surveillance 

through Papanicolaou (Pap) tests, colposcopy, and biopsy. Cervical cancer accounts for 

9.8% of women’s cancer burden worldwide [14].  

  The estimated worldwide incidence of invasive cervical cancer was 14.2/105 in 

1990, although rates ranged from 4.1/105 in Asia to nearly 30.0/105 in the Caribbean and 

South America [14]. U.S. incidence (8.2/105 in 1992) was lower than the world average 

for all racial/ethnic groups combined [15]. However, the annual incidence rate for 

Hispanics remained about 75% higher than that for non-Hispanic whites (8.1/105) in the 

U.S., despite a drop from 20.8/105 to 14.4/105 from 1992 to 2002 [15].  

  Worldwide mortality rates exhibited a similar pattern, ranging from 2.0/105 

women in Asia to approximately 13.0/105 in the Caribbean and South America per year 

[16], while U.S. mortality was 2.5/105 in 2002 [17]. Racial differences persisted for 

mortality rates in the U.S., with the annual rate for black women (5.0/105) more than 

double that for white women (2.3/105), and Hispanic and American Indian/Alaska Native 

women elevated as well (3.3/105 and 3.0/105, respectively) [17].  

  The cost of implementing and attending cervical cancer screening and 

surveillance programs is a significant source of the racial and ethnic disparities in 
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cervical cancer incidence and mortality, although prevention and early detection have 

been proven cost-effective [18]. In 1998, cervical HPV-related screening and disease 

accounted for total U.S. health care costs of $3.4 billion [19]. 

 

C. Role of HPV in cervical carcinogenesis 

HPV DNA is found in almost all cervical cancers [20] and is considered a 

necessary—but insufficient—cause of cervical cancer [2]. HPV oncogenes, such as E6 

and E7, participate in initiation and progression of cervical carcinogenesis. The 

papillomavirus life cycle begins with infection of a basal layer of skin or mucosa made 

possible by microabrasions in the epithelium. Limited expression of early HPV genes 

(E5, E6, and E7) stimulates cell growth and promotes the lateral expansion of these basal 

cells. As these cells migrate into the differentiating suprabasal layers, expression of viral 

genes increases, viral DNA is replicated, and capsid proteins are formed. These viruses 

can be released at the surface of the epithelium, allowing transmission of infection [11]. 

Expression of E6 and E7 are required for malignant growth of the cancer cells. E6 

inhibits the tumor suppressor p53 and the pro-apoptotic protein BAK [11]. The primary 

importance of E7 is as an inhibitor of the tumor suppressor RB (retinoblastoma). E6 and 

E7 have been shown to be capable of independently leading to cell immortalization, but 

they often function synergistically with higher efficiency. L1 and L2 genes (“late” genes) 

encode structural proteins and are not important in carcinogenesis. However, these 

proteins are used in antibody assays and vaccines [11]. 
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In cervical carcinogenesis, changes occur along a gradient from normal, stratified 

epithelium through cervical dysplasia to invasive cancer. Two overlapping systems of 

terminology are commonly used in cervical cancer literature (Figure 1). Cervical 

dysplasia—also known as cervical intraepithelial neoplasia (CIN) or squamous 

intraepithelial lesions (SIL)—is considered a precursor to cervical cancer and is 

susceptible to spontaneous regression or therapeutic intervention to prevent progression 

to invasive cervical cancer. Progression and regression have been linked to host or 

environmental factors and viral factors [20]. Host and environmental factors include 

smoking, high parity, oral contraceptive use, genetic polymorphisms, and concurrent 

STIs. Viral factors include HPV genotype and variant and viral load [9, 20]. 

Identification of atypical or preneoplastic cellular changes is the goal of Papanicolaou 

(Pap) smear testing.  
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Figure 1. Path from normal cervical epithelium to invasive cervical cancer 

Normal 
cervical 

epithelium 

Low-grade 
lesions 

 
Also known as: 

LSIL 
CIN 1 

Mild dysplasia 

High-grade 
lesions 

 
Also known as: 

HSIL 
CIN 2 or CIN 3 

Moderate or 
severe dysplasia 

Invasive 
cervical 
cancer 

 

LSIL: low-grade squamous intraepithelial neoplasia, CIN: cervical intraepithelial 

neoplasia, HSIL: high-grade squamous intraepithelial neoplasia. Forward arrows indicate 

progression, and backward arrows indicate regression. 

Adapted from references [9] and [21].  
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Oncogenic HPV infection is strongly associated with invasive cervical cancer 

(ICC) and cervical dysplasia in case-control studies and with incident squamous 

intraepithelial lesions (SIL) in prospective studies (reviewed in [20]). However, the 

strongest risk factor for incident SIL is persistent infection with HPV type 16 or 18 [22].   

Infection with multiple HPV types is common, but it is unclear what the effect of 

HPV-type coinfection has on persistence of infection or clinical outcome. A large 

population-based Costa Rican study found that 20 to 30% of HPV-positive women had 

multiple HPV types [23], but this study reported no association between number of HPV 

types present and presence of cytological abnormalities. However, another case-control 

study did report that women with CIN 1 or worse were more likely to have multiple HPV 

types than women with normal cytology [24]. In a comparison of the proportions of 

HPV-positive women who had multiple infections across cytologic findings, the 

proportion of coinfections was 17% with normal cytologic findings, 21% with atypical 

squamous cells of uncertain significance (ASCUS), 26% with low-grade SIL, and 12% 

with high-grade SIL [25]. Infection with multiple HPV types was reported as a risk factor 

for persistent infection in another study [26]. However, in a large cohort study of women 

in Brazil, persistence was independent of coinfection with other HPV types, but 

acquisition of an HPV infection was more likely among women who had an HPV 

infection at baseline [27]. In a longitudinal cohort study, U.S. university women were 

more likely to acquire multiple HPV types than was expected by chance, after adjustment 

for common risk factors, such as recent and lifetime number of sex partners [28]. No 

studies have been reported on transmission of multiple types between sexual partners.  
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D. Male role in cervical cancer 

The male role in cervical cancer was recognized even before HPV was discovered 

as its primary etiological agent, and case-control studies of women with cervical cancer 

indicate that male partners can influence cancer risk. For example, the observation that 

Jewish women had an unusually low incidence of cervical cancer led to the hypothesis, 

which has been supported recently, that male circumcision reduces the risk of cervical 

cancer in female partners [29, 30]. In a series of case-control studies conducted 

worldwide, it has also been demonstrated that women are at greater risk for cervical 

cancer if their husbands have sex with multiple partners or with prostitutes [31-33]. The 

presence of HPV DNA on the husbands' penis conveyed a fivefold risk of cervical cancer 

to their wives, an association that rose to nine-fold for HPV type 16 [32]. Presence of 

antibodies to C. trachomatis [34, 35] and an early age at first sexual intercourse of the 

husband were also associated with cervical neoplasia in the wife [32]. After adjustment 

for the wife's pack-years of smoking and other factors, the husband's smoking was 

moderately associated with cervical cancer in his wife [32]. Limited education [33, 35] in 

husbands was also identified as a risk factor for cervical neoplasia in their wives. 

Consequently, the prevention of HPV infection in men is expected to reduce the 

incidence of infection in women and the subsequent development of cervical cancer. 

 

E. HPV disease in men 

 Although not as common as cervical cancer, penile and anal cancers have also 

been associated with male HPV infection [5]. Basaloid and warty penile cancers more 
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often contain HPV (80-100%) than keratinizing and verrucous penile carcinomas (33-

35%) [36]. Incidence in the United States in 2002 was 0.7/105 and 1.2/105 for penile and 

anal cancers, respectively [15]. As might be expected for cancers with no screening test 

or prevention strategy, the rates are approximately equivalent across racial/ethnic groups. 

Both cancers have low mortality in the U.S., 0.2/105, although, among Hispanics, the 

rates have recently risen from 0.2/105 in 1995 to 0.4/105 in 2002 [17].  

 Men who have sex with men may have much greater anal cancer incidence than is 

reflected in the national incidence estimates. History of receptive anal intercourse was 

strongly associated in one case-control study with anal cancer in men (odds ratio: 33.1, 

95% confidence interval: 4.0-272.1) [37]. Also, in a study of Surveillance, Epidemiology, 

and End Results (SEER) data, male anal cancer patients were 10.3 times as likely as 

controls to be never married [38]. These and other results have led to the estimation that 

annual anal cancer incidence in men who have sex with men may be as high as 35/105 

[39], which exceeds even the highest annual cervical cancer incidence observed in the 

world, in Caribbean and South American countries (30.0/105) [14]. 

 Anogenital warts are a much more common outcome of HPV infection than is 

cancer—in both men and women—with annual incidence as high as 205/105 in the U.S. 

[40]. Although not a cause of mortality or severe disability, anogenital warts are 

associated with adverse psychological effects: fear of transmission to sexual partners and 

of cancer [41] and feelings of depression, anger and shame [42]. Furthermore, while 

treatment for the removal of warts is available, recurrence is common, and treatment is 

associated with pain, discomfort, and embarrassment [43].  
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F. Estimates of HPV prevalence in men  

  Studies have been conducted in the U.S. and elsewhere to estimate HPV 

prevalence in men, and estimates range widely, from 0 to 73% [44]. Some of the highest 

prevalence estimates have been reported in Latin American countries. The unweighted 

mean prevalence of four studies was 48.2%, and the range was 35.6% to 70.0% [45-48]. 

The lowest prevalence was in Asian countries, with a mean prevalence among seven 

studies of 12.1% and a range of 1.3% to 25.0% [49-55]. North American and European 

prevalence estimates have fallen in between these two regions’ reported prevalences. A 

recent review of prevalence studies reported in the literature [44] is summarized in Table 

1.  

  A systematic meta-analysis of these published studies may lead to a better 

understanding of male HPV prevalence. Significant barriers to the synthesis and 

interpretation of these studies are the inconsistency of sampling techniques used and the 

variety and combinations of anatomic sites and specimens sampled. Variability is also 

introduced by the detection and reporting of different subsets of HPV types among 

studies, since type-specific prevalence varies. Recently, studies conducted in U.S. 

university students and sexually transmitted disease (STD) clinic attendees that sampled 

much of the epithelium of the penis and scrotum to test for 20-37 HPV types detected 

HPV in 28-43% of men [56-58]. Studies with similar testing strategies in male partners of 

women with HPV-related cervical abnormalities reported prevalence of about 70% [47, 

59]. 
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Table 1. Summary of mean HPV prevalence among men reported in the literature by 

geographic region and population type 

 Number of 

studies 

Mean* prevalence 

per 100 men (SD) 

Range of 

prevalence per 100 

men 

Geographic region    

North America 6a 35.0 (17.4) 10.0-63.0 

Latin America 4b 48.2 (15.0) 35.6-70.0 

Europe 17c 28.0 (21.3) 0.0-72.9 

Asia 7d 12.1 (9.5) 1.3-25.0 

Combined regions 2e 15.7 (0.5) 15.3-16.0 

Population type    

General/HMO/military 17 25.0 (15.6) 1.3-44.6  

STD 9 28.9 (20.3) 0.0-63.0 

Partners of women 

with HPV-related 

cervical disease 

 

10 31.0 (26.9) 2.2-72.9 

* unweighted 

Literature references: a[56-58, 60-62]; b[45-48]; c[59, 63-77]; d[49-55]; e[78, 79] 
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G. Methods of HPV detection in men 

 Sampling methods for anogenital HPV infection in men have not been 

standardized and make comparisons of prevalence estimates difficult. While most 

sampling methods involve rubbing or rotating a swab or brush on genital epithelium, 

anatomic sites may include the urethra, glans/corona, shaft, prepuce, scrotum, or a 

combination of those sites. Comparing the proportion of HPV positive results among the 

various sampling sites and specimens has recently been made possible by studies that 

report sample-specific prevalence [46, 47, 57, 58, 61, 63, 72, 74-76, 80, 81] (Table 2). 

While interpretation of these studies is limited by small sample sizes or the use of only a 

few sampling sites or specimens, the prepuce is consistently found to have the highest 

proportion of HPV positive samples. The shaft—perhaps because of its greater surface 

area—also usually yields more HPV positive samples than, for example, the urethra, 

glans/corona, or scrotum samples [44]. 

 The prevalence of HPV varies based on sampling and processing methods and the 

anatomic site(s) or specimen(s) sampled. Most studies have evaluated the glans, corona, 

prepuce, or shaft. Twelve studies that reported HPV results separately for multiple 

anatomic sites or specimens facilitated a comparison of sampling types. These findings 

have been reviewed in a recent manuscript [44] and are described briefly here. Although 

no two studies included exactly the same sites, most studies (eight) sampled the corona, 

glans or both, and reported an HPV prevalence between 6.5% and 50.0% [46, 47, 57, 58, 

61, 74-76]. Seven studies evaluated the distal 1-3 cm of the urethra, and reported HPV 

prevalence from 8.7% to 50% [46, 47, 63, 75, 76, 80, 81]. Three studies evaluated the 
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penile shaft separately and detected HPV in 5.6-51.5% of the samples [57, 58, 61]. The 

prepuce appeared to have the highest HPV prevalence, with 24.0-50.0% of samples 

testing positive [47, 57, 58, 76]. Five studies evaluated the scrotum, where HPV DNA 

detection ranged from 7.1-46.4% [47, 57, 58, 61, 80]. Although few studies evaluated the 

rectal or anal epithelium among heterosexual men, studies that evaluated the perianus, 

anus, or rectum reported a prevalence of HPV DNA detection of 0-32.8% [47, 61, 74, 

75]. 

 An issue related to the differences in HPV prevalence by anatomic site is the 

difference among sites in the yield of samples sufficient for DNA detection protocols to 

yield reliable HPV results. The detection of β-globin, a gene that is ubiquitous in human 

cells, serves as a marker of sample adequacy. Seven of the studies described above that 

compared multiple anatomic sites and specimens also reported the adequacy of samples 

by evaluation of β-globin [46, 57, 58, 61, 63, 80, 81]. Samples collected from the shaft, 

corona, and glans were the most likely to have adequate DNA: 70.0-98.5% were β-globin 

positive. In studies that included urethral sites, 12.9-100% were β-globin positive. Of 

urine samples, 24.2-98.7% had β-globin detected (Table 2).  
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Table 2.  Summary of published reports of HPV DNA detection by anogenital anatomic 

site or specimen 

Author, Year Number 
of samples

Anatomic site or 
specimen 

Adequate 
samples*

N (%) 

HPV 
positive†

N (%) 
Aguilar, 2006 820 Penis and scrotum 591 (72.1) 274 (46.4)
 298 Urethra  298 (100) 62 (20.8)
 522 Urethral meatus 512 (98.1) 62 (12.1)
Hernandez, 2006  Physician-collected   
 136 Glans/corona 116 (85.3) 37 (31.9)
 136 Shaft 129 (94.8) 66 (51.2)
 136 Scrotum 119 (87.5) 49 (41.2)
 22 Prepuce 21 (95.4) 7 (33.3)
  Self-collected   
 136 Glans/corona 133 (97.8) 44 (33.1)
 136 Shaft 134 (98.5) 69 (51.5)
 136 Scrotum 130 (95.6) 60 (46.2)
 22 Prepuce 21 (95.4) 6 (28.6)
Nicolau, 2005 50 Prepuce internal  UNK 22   (44.0)
 50 Urethra UNK 15   (30.0)
 50 Glans UNK 12   (24.0)
 50 Prepuce external  UNK 12   (24.0)
 50 Scrotum UNK 6   (12.0)
 50 Anus UNK 4   (8.0)
Weaver, 2004 58 Prepuce 57 (98.3) 16   (28.1)
 317 Shaft 311 (98.1) 77   (24.8)
 317 Scrotum 298 (94.0) 53   (17.8)
 317 Glans 309 (97.5) 51  (6.5)
 314 Urine 313 (98.7) 18   (5.8)
Fife, 2003 20 Glans 14 (70.0) 2   (14.3)
 20 Inguinal area 12 (60.0) 1   (8.3)
 20 Scrotum 14 (70.0) 1   (7.1)
 20 Shaft 18 (90.0) 1   (5.6)
 20 Urine 19 (95.0) 1   (5.3)
 20 Perineum 9 (45.0) 0  
 20 Perianal 11 (55.0) 0  
Van der Snoek, 
2003 

241 Anus UNK 79   (32.8)

 241 Corona UNK 38   (15.8)
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Rintala, 2002 18 Semen UNK 5   (27.8)
 18 Pre-ejaculatory urine UNK 4   (22.2)
 27 Vas deferens UNK 5   (18.5)
 18 Post-ejaculatory urine UNK 3   (16.7)
Lazcano-Ponce, 
2001‡

120 Urethra and corona 114 (95.0) 41   (42.7)

 120 Urine 29 (24.2) 2   (6.9)
Astori, 1995 70 Semen 70 (100) 58   (82.9)
 70 Urethra 9 (12.9) 4   (44.4)
 70 Urine 55 (78.6) 18   (32.7)
Van Doornum, 
1994 

85 Urethra UNK 16   (18.8)

 85 Corona UNK 6   (7.1)
 85 Rectum UNK 4   (4.7)
 85 Anus UNK 1   (1.2)
Forslund, 1993 143 Urethra  143 (100) 12   (8.7)
 143 Urine 138 (96.5) 5   (3.6)
Wikström, 1991§ 135 Corona and prepuce UNK (50) 
 135 Urethra UNK (50) 
* determined by β-globin detection 

† % of adequate samples at the site (β-globin positive) 

‡ Authors excluded virgins (n=18) when calculating prevalence, so denominator is 96 

§ Based on a bar chart 

This table was originally prepared by the student, with input from co-authors, on an 

article in press [44]. 
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H. Factors associated with HPV in men and comparison with factors associated with 

HPV in women 

Reported determinants of HPV infection in men have included age, sexual 

behavior and sexual history factors, use of condoms, history of other sexually transmitted 

infections, circumcision status, ethnicity, and education level, as described below. The 

strength and significance of the reported effects varied considerably across populations 

under examination and whether the outcome was all HPV types, oncogenic HPV types, 

or non-oncogenic HPV types.  

The most consistently reported risk factor for male HPV infection was a greater 

lifetime number of sexual partners (e.g., OR: 3.6 for 10-24 vs 1-9 partners [73]) [69, 73, 

78, 79]. Less often, number of recent sexual partners was also associated with infection 

(e.g., OR: 3.3 for >10 vs < 2 in the past year [73]) [73, 78]. One study found that wives’ 

lifetime number of sex partners also increased their husbands’ odds of infection [78]. 

Four of five studies that evaluated circumcision and HPV demonstrated a protective 

association (e.g., OR: 0.2 [73]) [29, 45, 52, 73, 82]. 

Although most studies reported no effect of age, Svare et al. found younger age 

(18-24 years old) to be associated with greater odds of HPV detection [73]. Age at first 

intercourse was also often evaluated but was rarely associated with infection [78].  

When condom use was evaluated, it was usually not associated with HPV 

infection, although two of six studies reported protective effects of condom use [45, 52, 

69, 74, 79, 82]. However, since many studies combined sampling from areas not covered 

by a condom, the association could have been diluted. For example, studies that included 
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scrotum samples [52, 73] reported no effect of condom use, while two studies that 

sampled the urethra and penile epithelium did report a protective effect [69, 82]. 

However, another study with the same anatomic sites sampled failed to see any protection 

when study participants reported using condoms with prostitutes [79]. No studies 

included questions about the correct use of condoms, and most of the questions used to 

gauge condom use included no reference to time periods, frequency of use, or 

differentiation between use with steady partners and use with others. 

A history of other sexually transmitted infections (STI) or concurrent symptoms 

or diagnosis of an STI have been associated with HPV in some studies. Having 

antibodies to chlamydia increased the odds of HPV detection [78]; having a history of 

genital warts was associated with non-oncogenic HPV infection [73]; and having 

concurrent warts increased the likelihood of HPV detection [56]. 

Race, ethnicity, and other sociodemographic variables rarely differed significantly 

between HPV positive and negative outcomes. However, a previous study in Arizona 

found that Hispanic men were more likely to be HPV positive, as were those men with 

less than a college education [56]. 

Cigarette smoking history has been evaluated in three studies of HPV prevalence 

in men, and none have found an association. Measures included cigarettes smoked per 

day and years of cigarette smoking [69] or being a former or current smoker as compared 

to never having smoked [45, 52, 79].  

 Although few longitudinal cohort studies of HPV in men have been published, the 

results from these studies have allowed detection of factors that affect acquisition and 
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persistence of infection (Table 3). Factors similar to those discussed above have been 

linked to acquisition: a greater number of sex partners in the follow-up period increased 

risk, and always or occasionally using condoms decreased risk, as compared to never 

using condoms [71]. Circumcision was protective against persistence of infection, and 

having multiple HPV types at baseline increased the risk of persistence [45, 71]. 

 Several of the factors described here have also been reported to affect risk of HPV 

infection in women. The most consistently reported risk factor for HPV acquisition in 

women has been a greater number of sex partners (reviewed in [83]). Smoking has been 

evaluated in many studies, but only two studies have shown an association between HPV 

infection and current smoking and past smoking [83]. Similarly, many studies have 

evaluated oral contraceptive use, with the majority showing no association after 

adjustment for number of sexual partners [83]. Possibly the largest difference between 

men and women in predictors of HPV infection is the effect of age. Age-specific 

prevalence in women is highest under age 25, with a decrease between ages 35 and 54, 

and a second peak after age 55 [83]. No such pattern has been observed in the age-

specific prevalence of HPV among men. 

 



Ref-
erence 

N 
 

Mean 
follow-up  

(range) 

Acqui-
sition* 

% 

Factors associated 
with  

acquisition 

AOR  
(95% CI) 

Persis-
tent % †

Factors associated 
with persistence 

AOR             
(95% CI) 

[45] 336 1 year  
(NA) 

21.4 High 
socioeconomic 
status 
 

Anal intercourse 
with men   

0.3  
(0.1- 0.6) 
 
 
5.3  
(1.2- 24.2) 

11‡ Median baseline 
infections >1 
 

Circumcision (self-
reported) 

1.8  
(1.24-2.90) 
 
0.1  
(0-0.87) 

[71] 250 6.6 
months     

(5.4-7.8) 

13.8 ≥3 sex partners  
 

 
Always/occasional 
condom use   

17.2 
(4.6-64.7) 
 
0.2  
(0.1-0.8) 

57.5† 
 

Multiple HPV types 
at  baseline 

4.2  
(1.3-12.7) 

[77] 88 3.5 
months     
(0.5-16)     

  

22.7 NA NA 50.0† 
 

NA NA 

[75] 48 498 days    
(NA) 

100 NA NA 6‡ NA NA 

Adapted from a table prepared by co-authors, with input from the student, on an article in press [44]. 

Table 3. Summary of published results of longitudinal cohort studies of HPV infection in men 

NA: Not Available, AOR: Adjusted odds ratio 
* Percent of men with no HPV detected at baseline visit who had HPV detected at a follow-up visit 
† Percent of HPV positive men whose type-specific infection persisted   
‡ Percent of men who had persistent infection 

35 
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I. Measurement of sexual behavior 

As the primary risk factor for HPV acquisition, sexual behavior is the most 

important variable to be measured in epidemiologic studies of HPV. Nevertheless, it is 

difficult to gauge the accuracy and completeness of reports of sexual history and 

behaviors. The impossibility of direct observation precludes questionnaire validation, so 

research has focused on how to get reliable data—both within the same subject between 

two time points and between two sexual partners at the same time. Five such reliability 

studies conducted among STD clinic attendees were published between 1991 and 1999. 

Four were conducted among heterosexual couples [84-87] and one, among gay men [88]. 

Sample sizes were between 61 men and 363 couples. Two studies found that women 

reported more sexual activity than their male partners [84, 85]. Greater differences 

between partners’ reports were consistently found as the reporting period grew more 

distant past (e.g., 4 weeks ago, as compared to 1 week ago) [84, 86, 88]. Furthermore, 

Kauth et al. found that reports on sexual activity for the previous 2 weeks were 

comparable to those for the previous 3 months, but those for the past year were 

significantly underestimated compared to what would be expected if activity during the 

shorter, more recent time periods were representative [88]. The agreement between 

partners on frequency of sexual behaviors varied. Padian et al. reported Pearson 

correlations of 0.68-0.70 for estimates of frequency of sexual contact within the past 3 

months between partners’ self reports [85], although another study reported only 26% 

agreement [87]. 
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J.  Estimates of HPV antibody seroprevalence in men and associated factors 

 The presence of immunoglobulin G (IgG) antibodies to HPV in serum serves as a 

measure of cumulative exposure to the virus and may indicate past infection among those 

in whom HPV DNA is not currently detected [89]. Antibody response may depend on 

viral load [13], and HPV antibody detection is more likely among women with cervical 

dysplasia than controls and among patients with anogenital warts [90, 91]. Estimates of 

type-specific HPV seroprevalence are useful for describing the exposure to HPV types in 

a population and are necessary for prophylactic vaccine development, as a vaccine should 

protect against the HPV types prevalent in the population and its implementation should 

cause an increase in the proportion of people in the community with immunity against 

those HPV types. 

  Antibody assays have been developed for several HPV types and, until recently 

[92], have required separate tests for each HPV-type antibody to be detected. For this 

reason, seroprevalence estimates have been limited to the most common HPV types 

associated with cervical cancer (HPV types 16, 18, and 33) and genital warts (HPV types 

6 and 11). Seroprevalence estimates for HPV-16 are most widely available, as this type is 

found in a greater proportion (19.7%) of HPV-positive women worldwide than any other 

HPV type [93] and because it is one of the types most strongly associated with cervical 

dysplasia [22].  

  Eleven studies published since 1990 have reported HPV-16 seroprevalence in 

men from several countries and from STD clinics, general populations, and other 

recruiting sources [94-104]. Seroprevalence estimates range from 0% to 52%. Studies of 
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men recruited from STD clinics in the U.S. had HPV-16 seroprevalences between 18.7% 

[95] and 48% [102]. The range among general population samples was 3% [97] to 30% 

[101] in the U.S. Similar frequencies were found in Denmark, Greenland, and Jamaica 

[96, 97]. However, two international studies from STD clinics fell outside this range: a 

study in China found 0 of 60 men with HPV-16 antibodies [94], and a study in Sweden 

found that 52% had circulating antibodies to HPV-16 [104].  

   Several risk factors for HPV-16 seroprevalence have been noted in men. Men 

over age 20 or 30 years old have often been reported to have higher seroprevalence, and 

this increase was either independently associated [95, 97, 99] or non-significant [98] after 

adjustment for co-factors.  

    Sexual history and behavior variables have also been evaluated. Conflicting 

results have been reported for an association between age at first intercourse and 

seropositivity. Stone et al. reported that sexual debut before age 18 was associated with a 

2.5 times greater odds of HPV-16 seropositivity [98]. However, results from Svare et al. 

did not support this association [96]. 

  Several studies have examined lifetime [96] or recent [95, 97, 99, 102] number of 

sex partners as independent seropositivity risk factors. Svare et al. found non-significant 

increases in odds of antibody detection for more than 20 lifetime partners, as compared to 

a reference group of 1-19 partners [96]. Thompson et al. found no association with 

lifetime number of partners, but those who had HPV antibodies were 1.7 times more 

likely to report having had at least one occasional sex partner within the last year [95]. In 

a study of men who have sex with men, having had greater than 50 lifetime male sexual 
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partners was significantly associated with HPV-16 antibodies (odds ratio [OR]: 3.8, 95% 

confidence interval [CI]: 1.6-9.0)[102]. Another study reported no association between 

having had at least 10 sex partners in the last year and HPV-16 seropositivity [99]. 

   The two studies that have examined sex with a man as a risk factor yielded 

conflicting results. One found a non-significant negative association with homosexuality 

and a significant positive association with bisexuality (OR: 3.0) [96]. Another reported 

increased odds of HPV for men who have ever had sex with a man (OR: 6.1) [98]. 

Similarly, having had oral sex with a man also raised odds (OR: 2.9) [100]. 

   In contrast, condom use and circumcision do not appear to be related to 

seropositivity in men. Strickler et al. reported a significant increase in odds of 

seropositivity associated with less frequent condom use [97], while Thompson et al. 

found no association [95]. The two studies that reported analyzing the association 

between circumcision and HPV-16 seroprevalence reported no statistically significant 

relationship [95, 96].  

   History of “any” STD or of syphilis was associated with HPV seropositivity in 

one study [96]. Slavinsky et al. also found an increased odds of HPV-16 seropositivity in 

men with a history of syphilis (OR: 1.60; CI: 1.05-2.43) [99]. 

   Hispanic ethnicity was evaluated in two studies [95, 98], and racial-urban 

interactions were observed. Thompson et al. noted a two-fold increase in HPV-16 

seroprevalence for Hispanic men as compared to non-Hispanic white men [95]. Using 

white men in non-urban areas as the reference group, Stone et al. reported a small, non-

significant increase in seroprevalence for Mexican American and black men in non-urban 
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areas, and a greater increase in seroprevalence was seen for urban white and black men 

compared to the same reference group [98]. 

 A greater seroprevalence to HPV 6, 11, 16, and 18 in women than in men has 

been consistently described. Possible explanations for this may be related to the sites of 

infection in men compared to women, the serologic response to genital infection, or other 

factors.  

  

K. Modeling the impact of male HPV vaccination 

One prophylactic vaccine against HPV types 16 and 18 and another against HPV 

types 16, 18, 6, and 11 have been proven effective in women and are being tested in men 

[7, 105]. The challenge now is to develop strategies for delivering a vaccine that will 

most cost-effectively protect the greatest number of at-risk individuals. One element of 

the development of a strategy is the decision whether to vaccinate men as well as women. 

While large-scale community- or country-level randomized trials are needed to answer 

such questions, these studies are prohibitively expensive, time-consuming, and often 

politically difficult. Mathematical modeling can aid the decision making process [106]. 

Accurate estimates of HPV prevalence and seroprevalence, factors associated with HPV 

infection, and knowledge of the natural history of HPV infection among men are 

important components in any model of HPV transmission and interruption of 

transmission through vaccination. 

 The simplest model of HPV transmission includes categories or “state variables” 

for those who are susceptible and those who are infected, with people moving from 
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“susceptible” to “infected” by transmission and vice versa by recovery [106]. A third 

category for a “removed” state would include those no longer susceptible or infected due 

to immunity or death. Burchell et al. have modeled transmission using fixed parameters 

for empirically derived type-specific prevalances and a range of hypothesized male-to-

female prevalence ratios, condom use frequency, relative risk for condom use per coital 

act, and probability of HPV transmission per act [107]. Using a series of simulations and 

judging whether the outcome of various combinations of variable parameters matches the 

observed prevalence among women, the authors were able to reach several conclusions: 

the male-to-female prevalence ratio is likely to be greater than one, condom use is 

unlikely to affect transmission, and the median per-coital transmission probability is 40% 

[107].  

 Combining transmission models and decision models, it is possible to predict the 

impact of a vaccine, given various scenarios of population coverage and vaccine efficacy. 

Modeling analyses conducted in anticipation of the availability of a prophylactic HPV 

vaccine yielded conclusions that the vaccine would reduce the incidence of HPV16/18-

associated cervical cancer [108]. Furthermore, the need for Pap screening would not be 

eliminated [109] but could be delayed until a later age and be attended less frequently 

than yearly [108].  

Two modeling studies concluded that vaccinating women and men had little 

benefit over vaccinating women alone. Barnabas et al. estimated that vaccinating men in 

addition to women would result in a 4% reduction in HPV-16-related invasive cervical 

cancer incidence with 10% vaccine coverage and a 7% reduction with 90% coverage 
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[110]. According to the analysis by Taira et al., vaccinating women only for HPV types 

16 and 18 would reduce cervical cancer incidence by 61.8%. Including men would 

reduce the incidence by another 2.2%. However, the cost-effectiveness ratio of 

vaccinating men and women to vaccinating women alone was $442,039 per quality-

adjusted life year (QALY) gained [8]. 

Modeling efforts have necessarily been conducted without complete 

understanding of male HPV prevalence or seroprevalence, which affects predictions 

about transmission rates and the impact of preventing male infection through vaccination. 

For example, the analysis by Taira et al. includes parameter estimates for HPV-16 

prevalence among men of 0.7-5.0% and for HPV-18 of 0.4-2.3%, depending on age 

group; however, the publication cites no evidence to support these ranges [8]. For 

comparison, recent studies have reported prevalence in men of HPV-16 as high as 5.2% 

[71, 79]. With an underestimate of HPV prevalence in men, transmission rates are likely 

to be overestimated, thereby obscuring the impact of male vaccination on HPV and 

cervical cancer incidence. Because all transmission and decision analysis models 

incorporate multiple parameters, some of which must be estimated based on their impact 

on known values, such as prevalence, it is important that the parameters be calibrated to 

available empirical data accurately. More complete knowledge of type-specific HPV 

prevalence and seroprevalence in the general population of asymptomatic men will 

provide great improvements in the accuracy, precision, and therefore the utility of 

transmission and vaccine analysis models. 
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PRESENT STUDY 

I.  Methods 

 The methods, results, and conclusions of this study are presented in the papers 

appended to this dissertation. The following is a summary of the methods used in the 

completion of the dissertation.  

 A cross-sectional study of human papillomavirus (HPV) infection in men was 

undertaken in Tucson, Arizona, from 2003 to 2006.  Additional men were recruited from 

Tampa, Florida, in 2005 to include a final size of 499 sampled men. Measures of current 

genital HPV infection; antibodies to HPV-6/11, 16, and 18; and self-reported 

demographic, health, sexual history, and behavior were taken. Current genital HPV 

infection and HPV genotype were determined for six anatomic sites and two specimens: 

glans penis/coronal sulcus, penile shaft, scrotum, perianal area, anal canal, urethra, 

semen, and urine. The primary aim of the study was to determine the optimal sampling 

site(s) or specimen(s) for detection of HPV in men, which will be reported elsewhere. 

The study design allowed HPV infection prevalence and seroprevalence to be estimated 

and the factors associated with these infections to be evaluated. These latter questions are 

the focus of this dissertation. 

 This project was supported under a cooperative agreement from the Centers for 

Disease Control and Prevention through the Association of American Medical Colleges, 

grant number U36/CCU319276, AAMC ID number MM-0579-03/03. Clinical sampling 

was conducted at the University or Arizona Health Research Clinic and the H. Lee 

Moffitt Cancer Center and Research Institute. Laboratory analysis for HPV DNA 
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detection was conducted at H. Lee Moffitt Cancer Center and Research Institute under 

the direction of Drs. Anna Giuliano and Roberto Flores. Laboratory analysis for HPV 

antibody detection was conducted at the Louisiana State University Health Sciences 

Center under the direction of Dr. Michael Hagensee. 

 

A.  Overview of HPV Detection in Asymptomatic Men study 

1. Population 

  Men were eligible to join the study if they 1) were between 18 and 40 years old, 

2) had had sexual intercourse with a woman within the past year, 3) had 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.  

  Men were recruited from the at-large population of Tucson, AZ, and Tampa, FL. 

Age and racial distributions of men in these cities are presented in Tables 1 and 2 

(Appendix E). 

 

2. Recruitment 

  Men were recruited through 1) advertisements in Tucson, AZ, and Tampa, FL, 

city and university newspapers (University of Arizona and Pima Community College in 

Tucson and University of South Florida in Tampa), 2) flyers on university campuses, and 

3) in the clinics at the Davis Monthan Air Force Base (DMAFB) and the Pima County 

Theresa Lee Health Center (STD Clinic) in Tucson, AZ. For the first two methods, 
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advertisements invited men in the target age group to call the study clinic for more 

information and to enroll in the study.  

  For recruitment at DMAFB, to conduct the eligibility screens and to allow 

enrolled men privacy in completing the study questionnaire, a study recruiter was 

provided an exam room at the base clinic on one to two mornings per week. Clinical staff 

were asked to inform their male patients of the opportunity to visit the recruiter after their 

regularly scheduled exam. Clinical staff were also asked to hand out study flyers to all 

patients throughout the recruitment period. A study recruiter also attended Medical Right 

Start, a part of orientation for new DMAFB personnel, to discuss the study with potential 

participants. 

  For recruitment at the Pima County STD Clinic, a form that described the study 

and asked initial screening questions was included on the check-in clipboard for each 

male clinic attendee. A study recruiter also announced the opportunity to be screened for 

the study in the waiting room at the beginning of each clinic session. The study recruiter 

invited men who were eligible by the initial screening form to be further informed about 

the study and to schedule a visit to the study clinic after their current appointment. Flyers 

informing men of the study were also posted in the clinic. 

  The number of initial screening forms returned at the STD Clinic was recorded at 

each clinic session, and the proportion that were eligible and, of those, the proportion that 

made an appointment to enroll in the study were calculated. For the other recruitment 

methods, the number of men who called the study office was recorded, and the proportion 

who were eligible and, of those, who made an appointment to enroll were calculated. 
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Reasons for ineligibility or unwillingness to join the study were also recorded for each 

contact, if applicable. 

 

3. Sampling for the detection of HPV DNA and antibodies 

  Sampling included collection of semen, urine, and blood samples and swabs from 

six anogenital sites. Genital warts and lesions that were detected by visual inspection 

were also sampled by swabbing. The study initially required two visits to the clinic. At 

the first visit, an informed consent and health questionnaire were completed, and the 

participant was given a sterile cup and instructions for semen collection. He was 

instructed to collect the sample by masturbation using clean hands between 12 and 36 

hours before his next visit, not to touch the inside of the cup, and to refrigerate the sample 

until his clinical visit. At the first visit, the participant was also given instructions 1) not 

to have sex 24 hours before the next visit to avoid detecting HPV from partners, 2) not to 

urinate for 2 hours before the visit so that an adequate urine sample could be obtained, 

and 3) not to wash the genitals the morning of the visit.  

  At the second clinical visit, study staff received the semen sample and refrigerated 

it until it was aliquoted and frozen (see Laboratory methods). The study clinician 

examined each participant’s genital, abdominal, and anal areas and recorded the number 

and location of any lesions or genital warts. These lesions were sampled by rubbing with 

a saline-wetted Dacron swab, and stored as described below. The clinician also recorded 

the presence and location of any erythema, abrasions, rashes, inflammation, discharge, or 

piercings in the same regions and whether the participant was circumcised.  The study 
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clinician then used a urethral swab (calcium alginate until November 12, 2004, and 

Dacron thereafter) to sample the urethral epithelium. The swab was inserted 

approximately 2 cm into the urethra and rotated 360 degrees while removing it. She then 

rubbed separate saline-wetted Dacron swabs to sample the entire surface of the 1) glans 

penis/coronal sulcus, 2) penile shaft (including prepuce, if present), 3) scrotum, and 4) 

perianal area. She inserted another saline-wetted Dacron swab, into the anal canal up to 

the anal verge. Each of these six swabs was placed in a separate tube filled with 250 µl 

(urethral swab) or 350 µl (all other swabs) of Specimen Transport Medium (STM, 

Digene Corporation, Gaithersburg, MD). Swab tubes were labeled with the participant’s 

study identification number, date of collection, and specimen type. They were stored at 

4˚ C or –20˚ C, depending on clinic site, until further processed. After all swabs were 

collected, the participant collected a urine sample in a sterile specimen cup. This sample 

was separated into 10 ml aliquots and stored at –20˚ C. Blood was drawn using sterile 

methods and apparatus into one tiger-top tube containing serum separating gel and no 

anticoagulant (13 ml) and one EDTA tube (10 ml) and processed immediately (see 

Laboratory methods). Samples were collected by one of five study clinicians: 74% of 

men were sampled by the primary clinician in Tucson; 21%, by the primary clinician in 

Tampa; and 5%, by three additional clinicians in Tucson. 

  Because the primary goal of the study was to determine the optimal sampling site 

or specimen for HPV detection in men, clinical sampling was extensive, and some 

samples were relatively burdensome to the asymptomatic participant. For this reason, 1) 

the urethral sample was made optional on November 16, 2004, to improve recruitment 
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and 2) the urethral and semen samples were eliminated from the clinical protocol on June 

15, 2005, when a preliminary analysis indicated they were not optimal sites for HPV 

DNA detection. The elimination of the semen sample made it unnecessary to have two 

clinical visits, and all sampling and questionnaire completion were done at a single visit. 

Instructions for the visit were made at the time of recruitment. An additional change was 

the addition of an anal canal sample after the study began. The protocol change history is 

presented in Table 3 (Appendix E). 

 

4. Questionnaire 

  Study personnel trained in human subjects protection protocols gave participants a 

self-administered, scannable questionnaire form in English. Questions included 

demographic factors (race, ethnicity, age, income, occupation, education, country of 

origin, and length of U.S. residency); health behaviors, such as alcohol and tobacco use; 

sexual history, such as age at first sexual intercourse, lifetime number of partners, ever 

having had sex with a man or having been diagnosed with a sexually transmitted disease; 

and sexual behaviors, such as number of partners, frequency of intercourse, and condom 

use in the past 3 months. Questionnaires were labeled with the participant’s study 

identification number, were checked for obvious omissions or mistaken entries that 

participants were asked to correct before they left their clinical visit, and were sent to the 

Behavioral Measurement Shared Service at the Arizona Cancer Center (BMSS). At the 

BMSS, questionnaires were prepared for scanning and sent to be optically scanned. A 

data file of results was created and returned to the study analysis team. 
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5. Clinical variables 

  The following clinical chart variables were recorded: date of clinical sampling, 

clinician name, number of lesions, location(s) of lesions, number of warts, location(s) of 

warts, and circumcision status. A notes section allowed recording of lesion types, genital 

piercings, and other potentially relevant information. Questionnaire variables included 

numerous sociodemographic, health behavior, sexual history, and recent sexual behavior 

questions. 

6. Laboratory methods 

  This section describes the methods used at both the clinical laboratory, where 

samples were processed and temporarily stored (University of Arizona Health Research 

Clinic in Tucson and H. Lee Moffitt Cancer Center and Research Center in Tampa), and 

the analytical laboratories (Arizona Cancer Center and then H. Lee Moffitt Cancer Center 

and Research Institute and Louisiana State University Health Sciences Center), where 

samples were received, stored, and analyzed for HPV DNA or HPV antibodies. Specimen 

processing was completed at each of the clinical laboratories by study personnel trained 

in lab safety, bloodborne pathogens, and human subjects protection. 

 a. Sample processing 

  Semen. One to three (depending on volume collected) 1-ml aliquots of semen 

were transferred to 1.5-ml cryovials and stored at –20˚ C until delivery to the analytical 

lab. 

  Blood. The EDTA plasma tube was inverted several times, and then two 1-ml 

aliquots of whole blood were transferred to 1.5-ml cryovials. Remaining blood collected 
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in the EDTA tube was then spun in a centrifuge at 3200 RPM for 15 minutes. Three 1-ml 

aliquots of plasma were then drawn off the top of the tube, being careful not to interrupt 

the phase separation or contaminate the plasma with the red cells beneath. Meanwhile, 

the serum tube was allowed to stand at room temperature for 20 to 60 minutes to clot and 

was then spun at 3200 RPM for 20 minutes. Two 0.5-ml aliquots and three 1-ml aliquots 

of serum were drawn off the tube and stored in 2-ml Sarstedt tubes and 1.5-ml cryovials, 

respectively. All aliquots of blood and blood products were stored at –20˚ C until 

delivery to the analytical lab. 

  Swabs. Genital swabs were processed to get the most cellular material possible 

from the collection. Following genital sampling, swabs were squeezed and rotated against 

the side of the collection tube to release as much liquid as possible. Approximately 0.5 

cm of a 1000-µl pipette tip was sliced off using a sterile razor blade to make the opening 

larger. This tip was placed into the swab collection tube (Digene). The swab was then 

placed inside the tip, and the tube was spun at 3200 RPM for 3 minutes. This 

centrifugation released additional liquid that was trapped in the swab into the collection 

tube. The tip and swab were removed, and a 200 µl tip was used to draw any remaining 

liquid out of end of the 1000 µl pipette tip. Using an 800 µl pipette tip, the liquid 

remaining in the tube was mixed by drawing it into the tip several times. One aliquot of 

200 µl (100 µl for urethral samples) was placed in a 1.5 ml pop-top conical tube for 

analysis. A second aliquot of the remaining liquid was archived in a 1.5-ml cryovial. 

Both aliquots were stored at –20˚ C until delivery to the analytical laboratory.  
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  Urine. Up to three aliquots (depending on volume collected) of 10 ml each were 

transferred to 15-ml conical tubes and stored at –20˚ C until delivery to the analytical lab. 

 b. DNA extraction 

  HPV testing of swabbed cellular material and semen was conducted using 

polymerase chain reaction (PCR) for amplification of a fragment of the L1 gene. DNA 

extraction was performed using the QIAamp Mini Kit (QIAGEN, Valencia, CA) 

according to the instructions of the manufacturer. Briefly, 200µl aliquots were digested 

with 20µl proteinase K for 1hr at 65˚ C, followed by 200µl of lysis buffer. DNA was 

eluted with 50µl of 10 mM Tris-EDTA buffer, pH7.5 at 60˚ C. DNA was stored at –20˚ C 

until use. 

  DNA extraction from urine was performed as follows. Two ml of urine were 

concentrated at 3500 RPM for 30-45 minutes at room temperature using Amicon 100 

concentration filters (Millipore Corporation, Bedford, MA) following manufacturer’s 

instructions. The DNA was extracted using the QIAamp DNA Mini kit (Qiagen Inc., 

Valencia, CA). All procedures were performed according to the manufacturer’s protocol 

entitled Blood and Body Fluid Spin Protocol. Briefly, 20 µl of Qiagen protease 

(Proteinase K) was pipetted into a 1.5 ml microfuge tube. Next 200 µl of urine was added 

to the tube. Then 200 µl of Buffer AL was added to the sample. This mixture was then 

vortexed for approximately 15 seconds and incubated for 10 minutes at 56˚ C. After this 

incubation, 200 µl of 100% ethanol was added to the sample. The mixture was then 

vortexed and added to a Qiagen spin column in a 2 ml collection tube and centrifuged in 

an Eppendorf 5417R centrifuge at 8000 RPM for 1 minute. The spin column was then 
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placed into a clean 2 ml collection tube and the previous filtrate was discarded. Next 500 

µl of Buffer AW1 were added and the mixture was again spun for 1 minute at 8000 RPM. 

The spin column was placed into a new 2 ml collection tube and the previous filtrate was 

discarded. Then 500 µl of Buffer AW2 were added to the spin column and centrifuged 

for 3 minutes at 14,000 RPM. The column was then removed and added to a fresh 1.5 ml 

microcentrifuge tube and spun at 14,000 RPM for 1 minute to remove any residual 

carryover from Buffer AW2. Lastly, the DNA was eluted from the column by adding 50 

µl of sterile ddH2O, incubated at room temperature for 1 minute and then centrifuged at 

8000 RPM for 1 minute. The resultant DNA stocks were frozen at –70˚ C until use.  

 c. PCR amplification of HPV DNA 

  Specimens were tested for the presence of HPV by amplifying 5µl of the DNA 

extracts with the PGMY09/11 L1 consensus primer system [111] and AmpliTaq Gold 

polymerase (Perkin-Elmer, Foster City, CA). Each 50 µl amplification contained 1X PCR 

Buffer II; 2.5 mM MgCl2; 200µM (each) dCTP, dGTP, and dATP; 600µM dUTP; 7.5 U 

of AmplTaq Gold; 1µM of PGMY09; 1µM PGMY11; 2.5 nM of B_PC04; 2.5 nM of 

B_GH20; and 5µl of the template.  For eventual inclusion of uracil-N-glycosylase to 

prevent product carryover, dTTP was replaced with dUTP. To determine specimen 

adequacy, the GH20/PC04 human β-globin target was co-amplified using the B_PCO4 

and B_GH20 primers along with HPV consensus primer amplification. For every PCR 

plate a negative control (H2O) and a positive control (CaSki Cells) were run to control for 

possible contamination and accuracy. The samples were amplified using Perkin-Elmer 

GeneAmp PCR System 9700. The following amplification profile was used: 95˚ C 
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hotstart for 9 minutes, 95˚ C denaturation for 1 minute, 55˚ C annealing for 1 minute, and 

72˚ C extension for 1 minute for 40 cycles; followed by a 5 minute terminal extension at 

72˚ C; and a hold step at 4˚ C. 

 d. Genotyping 

  HPV genotyping was conducted using the reverse line blot method [112] on all 

samples, regardless of HPV PCR result. This detection method utilizes the HPV L1 

consensus PCR products labeled with biotin to detect 37 HPV types. The HPV genotype 

strip contained 39 probe lines, detecting 37 individual HPV genotypes and two 

concentrations—high and low—of the β-globin control probe (Roche Molecular 

Diagnostics, Alameda, CA). The following types are detected: 6, 11, 16, 18, 26, 31, 33, 

35, 39, 40, 42, 45, 51 to 56, 58, 59, 61, 62, 64, 66, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 

84, IS39, and CP6108. The PCR products labeled with biotin were denatured and added 

to the probe strip in a hybridization buffer. After strips were washed, a streptavidin-

horseradish peroxidase conjugate was added to facilitate detection of the various HPV 

types. After the final wash, buffer was removed by vacuum aspiration, and strips were 

rinsed in 0.1M sodium citrate. Color development was activated by incubation in a 

mixture of hydrogen peroxide in sodium citrate buffer and tetramethylbenzidine in 

dimethylformamide for 5 minutes on a rotating platform (70 RPM). Developed strips 

were interpreted and photographed for future reference. Strip interpretation was 

performed with a labeled overlay, with lines indicating the position of each probe relative 

to the reference mark. 
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  Changes in laboratory methods. As laboratory analyses progressed from May 

2004 to February 2006, the frequency of detection of HPV appeared to increase, 

suggesting an increase in the sensitivity of HPV DNA detection methods. This change 

was due to improvements in the standardization of DNA extraction and detection 

methods. In terms of DNA extraction, different extraction protocols were tested with 

respect to their yield and purity for downstream application. Over time, the extraction 

protocol was modified, which reflects the ability of the PCR system to amplify more β-

globin over time. Improved sensitivity in genotyping was also the result of cross-training 

of lab personnel with a reference laboratory at Roche Molecular Systems (Alameda, CA) 

in May 2005. After the standard operating procedures were transferred to the analytical 

laboratory, detection methodology remained comparable to the reference laboratory (data 

not shown). The improvement in sensitivity is accounted for in the statistical analysis, 

described in a later section of this document. 

 e. Serum antibody detection 

  HPV antibody status was assessed using techniques previously described by 

Hagensee [113] and Carter [114]. Testing for antibodies against HPV types 6/11, 16, and 

18 was done in Dr. Hagensee’s laboratory at Louisiana State University Health Science 

Center. 

  Production and purification of HPV capsids: BSC-1 cells (monkey kidney cell 

line), 20-150 mm plates, were infected with the vaccinia virus recombinant of interest at a 

multiplicity of infection of 10. Infected cells were incubated at 37° C in Delbecco’s 

Modified Eagle’s Media (DMEM) supplemented with 5% fetal bovine serum and 
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antibiotics. Adherent cells were scraped off the plates with cell lifters, collected by 

aspiration, and spun down (1,000 x g, 10 minutes, 25° C). Cells were washed once with 

phosphate-buffered saline (PBS) and resuspended in PBS-D (PBS plus 0.5M MgCl2, 

0.5M CaCl2). Cells were lysed by sonification with a Branson Sonifier 250, setting 4, for 

2 minutes on ice. Eight ml of PBS-D and 5.1g of cesium chloride were added to the cell 

suspension and then placed in SW40 ultracentrifuge tubes. The samples were spun at 

38,000 RPM, 25° C for 48 hours. The capsid band was visualized and extracted by 

needle. The capsids were dialyzed against three changes of PBS + 1M NaCl overnight. 

Integrity of the capsids was checked by capture ELISA using controls of positive sera 

previously determined to react only to conformationally intact capsids. As a control for 

each capsid preparation, an additional vaccinia virus recombinant-infected plate was 

collected, DNA extracted, and the type of HPV DNA contained in this recombinant 

confirmed by PCR utilizing specific HPV primer sets.  

  Capture ELISA. The amounts of monoclonal antibody and capsids used were 

predetermined utilizing positive control sera in order to maximize the signal and 

minimize the background. After this determination, the amounts of these reagents did not 

vary when the test population sera were assayed. The capture antibodies used were 

H11.B10-HPV 6 and 11, H16.V5-HPV-16, and H18.J4-HPV-18. These were monoclonal 

antibodies directed against conformational epitopes on the respective HPV types and 

were kindly provided by Dr. N. Christensen, Pennsylvania State Medical Center, 

Hershey, PA, USA. They were optimally diluted (usually 1:8000-1:10,000) in 0.1M 

sodium carbonate (pH 9.5) buffer and allowed to attach overnight at room temperature to 
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Immulon #2 ELISA plates (Dynatech Laboratories, Inc., Chantilly, VA). Plates were 

washed three times with PBS and then incubated with TBST (10 mM Tris, pH 8.0, 0.15 

M NaCl, 0.5% Tween) (100 μl/well) with 10% goat serum (blocking buffer) for 1 hour at 

room temperature to block nonspecific binding. An optimal concentration of purified 

HPV capsids produced in the vaccinia-virus system (usually 1:50-1:100) was diluted in 

PBS, added to the plates, and allowed to incubate at 37° C for 1 hour. Sera were diluted 

1:100 (50 μl/well) in blocking buffer and incubated at 37° C for 1 hour. The plates were 

washed, incubated with a 1:1000 dilution of goat anti-human IgG alkaline phosphatase 

conjugated antibody (Boehringer Mannheim, Indianapolis, IN) for 1 hour, and washed. 

Plates were developed using Sigma 104 developer (Sigma, St. Louis, MO, 43 mg/10 ml 

of reaction buffer: 0.1 M sodium bicarbonate, pH 9.5, 0.01M magnesium chloride) (100 

μl/well) for 30 minutes and the reaction stopped by the addition of 1.5N NaOH (50 

μl/well). Plates were read at 405 nm in a Microtec MLX ELISA plate reader and data fed 

directly into a Microsoft Excel spreadsheet (Microsoft Corporation, Redmond, WA).  

  Serum samples were tested with capsid in three wells and without capsids in three 

wells. The log transformation of the median of the wells with capsid was subtracted from 

the median of the wells without capsids [113, 114]. To determine the serological cutpoint, 

we used a serum bank from children less than 10 years old with no prior history of any 

warts. These serum samples were individually run, and the average plus two standard 

deviations was used as the cutpoint [113, 114]. Samples were run in a single batch.  

  Negative control sera for HPV assay were obtained from an existing, anonymous 

bank of sera available at Louisiana State University. Use of these sera was initially 
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approved by Louisiana State University (# 3572, IRB 6/25/97) and by the Children’s 

Hospital (ARC 01-112-3-21-01). 

 

B. Data analyses 

  This section describes data entry and management, error checking, and statistical 

analysis methods. Data were collected from three sources: clinical charts, questionnaires, 

and laboratories. Clinical charts were recorded on paper and entered into an Access 

database on a secure server at the Arizona Cancer Center. Questionnaire results were 

delivered as Stata data files by BMSS. Laboratory results were reported and maintained 

in Excel files.  

  Laboratory variables were dichotomous for 1) presence of any HPV DNA, 2) 

presence of each of 37 specific types of HPV DNA, 3) presence of human β-globin, and 

4) presence of each of three types (6/11, 16, and 18) of HPV antibodies. The presence of 

any HPV DNA was defined as a positive result by PCR or by genotyping in a sample 

positive for human β-globin or HPV. The absence of any HPV DNA was defined as a 

negative result by PCR and genotyping in a sample positive for human β-globin. Samples 

without detection of β-globin or HPV were deemed inadequate for evaluation and treated 

as missing. If the sample was positive for HPV by PCR but none of the 37 types was 

found in genotyping, the HPV type was classified as “unknown”. A summary of outcome 

variables is provided in Table 3. 

  The 13 oncogenic HPV types associated with cervical dysplasia and cancer are 

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66 [4]. The non-oncogenic types 
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detected with the line blot methodology of Roche are 6, 11, 26, 40, 42, 53, 54, 55, 61, 62, 

64, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, IS39, and CP6108. 

  To determine the cut point for a positive antibody test, ELISA was run on the sera 

from 27 children under age 10 and with no obvious HPV infection. The ELISA values 

were averaged, and 2 standard deviations were added to arrive at the cut point for 

positivity. Individual sample results were received as continuous optical density values, 

and positive or negative status was then coded as above or below the cut point. 
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Table 4. Definitions of the dichotomous HPV outcome variables 

Outcome Definition 

Any HPV The detection of any HPV type or of an unclassified type. 

Oncogenic HPV* The detection of any of 13 high-risk HPV types (16, 18, 31, 33, 

35, 39, 45, 51, 52, 56, 58, 59, and 66), alone or in combination 

with non-oncogenic types. 

Non-oncogenic HPV* The detection of any of 24 low-risk HPV types (6, 11, 26, 40, 

42, 53, 54, 55, 61, 62, 64, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 

84, IS39, and CP6108), unless oncogenic types are also present. 

Also includes unclassified HPV. 

Unclassified HPV The detection of HPV by PCR but not by genotyping, which 

indicates that an HPV type other than the 37 detected by the 

genotyping protocol is present. 

Multiple-type HPV The detection of two or more oncogenic or non-oncogenic types 

or a combination of oncogenic and non-oncogenic types.  

HPV-16 antibodies An ELISA optical density (OD) value at least two standard 

deviations above the average OD for children with no obvious 

HPV infection. 

The first five outcomes are based on all anatomic swab and semen samples provided by 

the participant and analyzed by PCR and genotyping. The last outcome is based on serum 

provided by the participant and analyzed by ELISA. 

* Only the oncogenic and non-oncogenic outcomes are mutually exclusive. 
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  Quality assurance. After all clinical visits were complete and charts were entered 

into the database, 40 of 391 Tucson participants’ paper charts were compared to their 

record in the database. It was found that one chart had not been entered, and no errors 

were discovered in the other 39 charts. Therefore, a check of the remaining 351 charts 

consisted only of ensuring that they had been entered in the database.  

  Comparability of results between clinic sites. To assess whether the results from 

men who were sampled in Tucson, AZ, could be combined with the results from men 

who were sampled in Tampa, FL, several characteristics of the groups of participants 

from each city were compared. Sociodemographic characteristics collected through the 

questionnaire were compared between the groups, as were sexual and health behaviors, 

such as smoking, condom use, and history of STDs. The proportion of participants who 

had HPV DNA detected in each city were also compared. Because the participants in the 

Tampa, FL, site joined the study after the majority of men were recruited in Tucson, AZ, 

the prevalence of HPV between the two cities was compared within four time periods to 

account for a potential time trend in the sensitivity of laboratory analyses. 

  Statistical analyses. Univariate analyses of each variable were conducted to 

ensure that each value fell into a plausible range (if one could be defined) and to 

determine mean and standard deviations of continuous variables and the frequencies of 

values for categorical variables. After this step, the analytical procedures varied for each 

aim and are described below. All analyses were conducted using Intercooled Stata 9.1 for 

Windows (StataCorp; College Station, TX). 
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  Aims 1 and 3—HPV DNA prevalence and HPV-16 seroprevalence. The percent of 

samples that were adequate for analysis and that were positive for HPV, using the 

definitions above, were calculated. To determine the overall prevalence of HPV in the 

sample, a participant was considered positive if any of his samples or specimens were 

positive for any HPV type or for an unknown type. The denominator was all men with at 

least one adequate (β-globin or HPV positive) sample. Similarly, the prevalence of 

oncogenic, non-oncogenic, unknown, and multiple types was calculated, using the same 

denominator. Men were included in the oncogenic HPV category if they had at least one 

oncogenic HPV type, regardless of whether they also had a non-oncogenic type. Men 

were classified in the non-oncogenic HPV infection category if they had only non-

oncogenic HPV type(s) or an unclassified type detected. The percent of men with each 

specific HPV genotype at any site, the percent with multiple types, and those with 

infection at multiple sites were also calculated. Seroprevalence was calculated as the 

proportion of all men who provided a serum sample who tested positive for HPV-16 

antibodies. Exact 95% binomial confidence intervals were calculated. 

  Evaluation of trends over time in laboratory methods for HPV DNA detection was 

made by fitting a logistic regression model for the any HPV type outcome. Date of 

laboratory analysis, dichotomized at June 1, 2005 (after cross-training at the reference 

laboratory had occurred) plus an interaction term for this dichotomous variable multiplied 

by the continuous date variable to allow for a linear increase in the probability of 

detection in the first half of the study period was included in the model. The probability 

of being HPV positive was then predicted using the logistic regression model, with the 



  62 

assumption that all samples had been analyzed after June 1, 2005. The mean probability 

and 95% confidence intervals (CI) were calculated for each HPV outcome to yield the 

prevalence estimates. 

  To determine whether there were differences in type of infection depending on the 

anatomical region or specimen examined, those subjects who had adequate samples for 

the coronal sulcus/glans penis, penile shaft, scrotum, perianal area, and anal canal were 

included. The penile and scrotum samples were combined into one “genital” sample, such 

that HPV positivity at any of these three genital sites translated into a positive genital 

result. Similarly, the perianal and anal canal results were combined into one “anal” 

sample result. The proportions of samples in each of these two groups that tested positive 

for oncogenic, non-oncogenic, unclassified and multiple HPV types were calculated.  

  Differences in demographic and sexual behavior characteristics between men in 

Tucson and those in Tampa were evaluated using a two-sample t test for continuous 

variables and a χ2 test for categorical variables. A p for trend was calculated for ordinal 

variables.  

  Aims 2 and 3—Risk factors for HPV infection and HPV-16 antibody 

seropositivity. The frequencies and means of the responses to the questionnaire items and 

the results from the clinical examination were calculated. These calculations were 

compared between men who had no HPV infection at any site or specimen and those who 

had at least one positive HPV result. A t test was used to compare continuous measures 

and a χ2 test for categorical variables, with a p for trend calculated for those categories 

that were ordinal.  
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  Logistic regression was used to model the association of various reported or 

hypothesized risk factors on the outcome of 1) any HPV infection at any site, 2) an 

oncogenic HPV infection at any site (regardless of whether they also had a non-

oncogenic infection), and 3) non-oncogenic HPV infection at any site (including men 

who only had non-oncogenic infection and those who had “unknown or other” HPV 

types). The association between circumcision and each HPV outcome was assessed at 

each of the genital sites (urethra, glans penis/coronal sulcus, shaft, and scrotum) and 

semen separately. Odds ratios were used as the measure of effect between each factor and 

the HPV outcome. For each factor, crude odds ratios and 95% confidence intervals were 

calculated using logistic regression.  

  Adjusted odds ratios were calculated by logistic regression modeling. Backward 

stepwise selection was used, starting with all factors that had statistically significant (p < 

0.05) crude odds ratios in bivariate analyses. The final model included only variables 

whose coefficients were statistically significant by the Wald test [115].  

  Effect modification of observed associations between HPV and each of several 

risk factors was investigated through stratification by factors of interest. These included 

ethnicity, monogamy within the past three months, circumcision status, and clinic site. 

For those factors that appeared to have heterogeneous odds ratios (>10% difference 

between strata) of HPV and other primary risk factors, multiplicative interactions were 

generated and evaluated for statistical significance (p < 0.10 for Wald test) using logistic 

regression. Potential interactions evaluated included lifetime number of female partners, 

frequency of sexual intercourse, and condom use. These interaction terms were added to 
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the final models generated above to determine whether the terms remained statistically 

significant predictors of the HPV outcome after adjustment for other variables. 

  For the multivariate logistic regression models, assumptions required for logistic 

regression were tested. Measurement error in the independent variables was controlled in 

the clinical, laboratory, and questionnaire data collection phases. 

  Linearity in log-odds with any continuous variables (X) in the model was tested 

using locally weighted scatterplot smoothing (lowess) regression of case status on each 

X. A smoothed linear graph indicated that the assumption was met. Otherwise, 

transformations or higher-order polynomials of X were required. 

  Outliers in predicted probabilities of case outcome and influential observations 

were detected by 1) plotting the deviance residuals versus predicted probabilities and 2) 

plotting Pregibon’s delta-beta influence statistic, respectively [116]. These plots pointed 

to records that had a particularly strong influence on the odds ratio estimates. These 

records could indicate errors in data entry, but no such errors were found. The records 

were also temporarily omitted to determine the influence on the resulting estimates. If the 

differences were small, the records were left in the final analysis. If the differences were 

large, both estimates were reported: with and without the influential records. 

  Independence of residuals from levels of the independent variables was assessed 

by plotting deviance residuals versus each independent variable. Plots that showed only a 

random scatter of points indicated that the assumption of independence was met. 

Otherwise, the model was re-fit to take into account possible differences in associations 

between levels of the independent variable [116]. 
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  Multicollinearity was detected by examining the variance inflation factor (VIF) of 

the independent variables in the model. An individual VIF greater than 10 or an average 

VIF greater than 6 was used to signal multicollinearity of variables [116].  

 

II. Results 

A.  Recruitment summary 

  Figure 2 illustrates the recruitment success of the HPV Detection in Asymptomatic 

Men study. Of 1,514 men who were approached in Tucson for recruitment, 614 

completed the screening questions and were eligible. Of the 614 men, 442 (72.0%) 

attended the first clinical visit and enrolled in the study, and 395 (64.3%) returned for the 

second visit to have samples collected. Samples from the first 30 men were used for 

optimization of HPV testing and were not included in the prevalence or risk factor 

analysis. One man was unable to provide a blood sample. Six men who passed the initial 

screening were found to be ineligible upon further review of their questionnaire responses 

(four were older than 40, and two had a history of genital warts). This left 359 men from 

Tucson with HPV DNA results and 388 with serum antibody results. In Tampa, 160 men 

called and were screened for eligibility, with 145 considered eligible. Of these 145 men, 

110 (75.9%) were enrolled in the study, and 104 (71.7%) completed the sampling visit. In 

total, 463 men’s HPV DNA results and 492 men’s antibody results are presented in these 

analyses. 

  The advertising method that resulted in the most calls to the Tucson, AZ, study 

office was Tucson newspapers (26% of all calls), followed by direct mail (23%), flyers 
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and ads in the University of Arizona newspaper (14%), flyers and ads in the Davis 

Monthan Air Force Base clinic and newspaper (13%), e-mail invitations to men in an 

ongoing cohort study of HPV in asymptomatic men (9%), word of mouth (7%), and other 

sources, such as the Internet, presentations to classes, radio, and flyers in Tucson (7%). 

Twenty-one men reported being active-duty military. 
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Figure 2. Numbers of men recruited, enrolled, and sampled at each clinic site 

 

Contacted  
1,514 in Tucson  
160 in Tampa 

Eligible  
614 in Tucson  
145 in Tampa 

Enrolled  
442 (72%) in Tucson 
110 (76%) in Tampa 

Sampled 
359 (81%) in Tucson 
104 (95%) in Tampa 
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B.  Description of the population 

  Men were between the ages of 18 and 40 years, with 49.9% under age 25 years. 

The best represented age group was 20-24 years old (35.1% in Tucson and 52.9% in 

Tampa), likely due to advertising on university campuses. In Tucson, 72.7% of 

participants were white, as were 60.6% in Tampa. Approximately 5.3% were black in 

Tucson, and 13.5% were black in Tampa; 17.8% in Tucson and 14.4% in Tampa were 

Hispanic. Other racial groups were represented by 9 or fewer participants in each city. 

Most participants (69.6% in Tucson and 74.0% in Tampa) were single, never married, 

and 46.5% in Tucson and 70.2% in Tampa had completed at least some college 

education. 

  It was of interest to determine whether the underlying populations of Tucson, AZ, 

and Tampa, FL, had differences in the sociodemographic characteristics that were 

recorded by men participating in the current study. If factors such as age, race/ethnicity, 

marital status, or educational status were found to be linked to HPV DNA detection or 

HPV antibody detection, then a difference in prevalence or seroprevalence might be 

expected between two geographic regions that varied in the distribution of these 

characteristics among the men in the population.  

  According to the 2000 U.S. Census, some differences in sociodemographic profile 

exist between Tucson and Tampa populations (Tables 1 and 2, Appendix E). A greater 

proportion of men ages 18 to 44 in Tucson are Hispanic than in Tampa (36% in Tucson 

versus 20% in Tampa), fewer are black (5% versus 22%), and more are American 

Indian/Alaska Native (3% versus 1%). In both cities, approximately 3% of men ages 18 
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to 44 are Asian or Pacific Islander. Within the 18 to 44 age group, Tucson men are 

slightly younger, with 50% of men in Tucson under 30 versus 41% in Tampa. Of men at 

least 15 years old, 37% of men in Tucson and 35% of men in Tampa are single, never 

married. Similarly, 49% of men in both cities are married. Of men 25 years and over, 

23% of men in Tucson and 24% of men in Tampa are high-school graduates, and 48% in 

Tucson and 42% in Tampa have completed at least some college. 

  In comparison to the general population profile provided by the 2000 U.S. 

Census, the sample accrued for this study is younger than populations in both cities 

(69.3% of the sample are under 30), and there are fewer Hispanic (17.1%) and black 

participants (7.1%). Nearly double the proportion of men in the sample are single, never 

married (70.6%), and only 12.7% are married, as compared to 49% in the underlying 

populations.  

  For the same reasons described above for examining differences in available 

sociodemographic variables, it was of interest to compare the sexual and health behaviors 

between men in Tucson, AZ, and Tampa, FL. If these behaviors were found to be 

associated with HPV DNA or antibody detection, then a difference in the prevalences 

estimated among men each city through this study would be expected. 

  Comparisons of demographic and sexual health and behaviors between the two 

clinic sites are presented in Table 4 (Appendix E). Men in Tampa were significantly more 

likely to have genital warts found during the clinical visit and less likely to have a history 

of an STD. The distribution of races and of smoking history differs between clinic sites, 

as well. The mean age of men in Tucson was slightly higher than that of Tampa.  
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  Clinical characteristics are presented in Table 5 (Appendix E). Most men had no 

warts (96.0%) or lesions (96.6%) detected at the clinical visit, and most (84.4%) were 

circumcised.  

 

C. HPV Prevalence 

  Detailed results of type- and site-specific prevalence are presented in Appendix A, 

“Human papillomavirus prevalence and type distribution in anogenital sites and semen of 

asymptomatic men”. This section contains a summary of those results and the results of 

additional analyses on 1) adequacy of samples for HPV DNA detection laboratory 

analyses, 2) differences in prevalence by anatomic site/specimen, and 3) a trend in 

prevalence over the course of the study period. 

  Attempting to collect samples of exfoliated skin by swabbing raised the concern 

that a sufficient sample of skin cells could be obtained to reliably detect HPV DNA in 

those cells. That is, a negative HPV result could simply indicate that a sample did not 

contain a sufficient amount of cells for the detection assay to work. Therefore, in each 

sample, the presence of β-globin, a constitutively expressed human gene, was determined 

by both PCR and genotyping. Two levels of β-globin concentration, high and low, were 

assessed by genotyping. While β-globin is often used as a control gene in such DNA 

detection methods, it is unclear whether β-globin is the appropriate gene to use for 

monitoring in exfoliated skin samples. In these skin cells, β-globin may not be present 

simply because the cells are dead; other DNA, including HPV, may still be present. For 

this reason, adequacy of samples was determined by the presence of β-globin or HPV. By 
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this definition, between 93.8% and 95.5% of the external genital site samples and anal 

samples were adequate, while 83.3% of urethral samples and 99.7% of semen were 

adequate (β-globin results are presented in Table 6, Appendix E). Twelve samples tested 

negative for β-globin by both PCR and genotyping but positive for HPV. Those twelve 

positive samples were included in prevalence estimates. No urine sample tested yielded 

either β-globin or HPV; therefore, this sample was excluded from further analyses.  

  Overall, 303 (65.4%) men had HPV of any type detected in at least one 

site/specimen (Table 2, Appendix A). The majority of the infections occurred at the 

external genital sites (glans/corona, penile shaft, or scrotum), with 265 (57.2%) of men 

having HPV detected in this region. Prevalence was approximately half that in the anal 

region (perianal and anal canal samples) (23.8%).  

  Oncogenic HPV infections were defined to include those samples that had at least 

one oncogenic HPV type, regardless of whether a non-oncogenic type was also present. 

Approximately one-third of men (29.2%) had an oncogenic infection at any site, with 

more oncogenic infections occurring at genital sites (in 25.1% of men) than at anal sites 

(in 5.0% of men) (Table 2, Appendix A). Non-oncogenic infections included those 

samples in which only non-oncogenic types were detected and those in which an 

unclassified type was detected. More than one-third (36.3%) of men had a non-oncogenic 

HPV infection at any site, with 32.2% having a non-oncogenic infection at a genital site 

and 18.8%, at an anal site. Multiple-type infections were common, occurring in 27.4% of 

men (Table 2, Appendix A). 
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  Co-occurrence of HPV positive sites. Most men (74%) who had at least one HPV 

positive sample had HPV detected at more than one site/specimen. At external genital 

samples (shaft, glans/corona, and scrotum), 249 men with adequate samples from all 

three sites were HPV positive in at least one sample. Figure 3 shows the co-occurrence by 

site of HPV in these men. Of this group, 92 men (36.9%) were positive at all three sites, 

48 (19.3%) were positive at the shaft and glans/corona but not scrotum (19.3%), and 43 

(17.3%) were positive at the shaft only (Figure 3). Likewise, for the 98 men with 

adequate samples from the perianal area and anal canal and at least one HPV positive 

sample, 46.9% were positive at both sites (Figure 4). However, 31.6% were positive at 

the perianal area but not the anal canal, and 21.4% had HPV positive anal canal samples 

but negative perianal samples. In contrast, a positive HPV result at the urethral site did 

not often co-occur with a positive result at either the glans/corona or in the semen (data 

not shown).  
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Figure 3. Co-occurrence of infection by external genital site among men for whom all 3 
sites were adequate for HPV analysis and at least one site was HPV positive (n=249) 
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Anal 
canal 

Peri-
anal 

21  
(21.4%) 

46  
(46.9%) 

31  
(31.6%) 

Figure 4. Co-occurrence of infection by anal anatomic site among men for whom 
both sites were sampled, yielded adequate DNA for HPV analysis, and at least 
one site was HPV positive (n=98) 
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  Site/specimen-specific prevalence. The proportion of HPV-positive samples 

differed considerably depending on the sampling site or specimen. Nearly half (49.9%) of 

samples taken from the penile shaft were HPV positive, compared to approximately one-

third from the glans/corona (35.8%) and from the scrotum (34.2%). Approximately 

73.9% of all men with any HPV detected were positive at the penile shaft sample, and 

87.5% were positive at the glans/corona, shaft, or scrotum (the “external genital sites”) or 

some combination of those three sites. Only 35 men (11.6% of HPV positive men) did 

not have HPV detected at an external genital site but had HPV detected in the perianal or 

anal canal sample.  

  While HPV was found at all sampling sites, it was of interest to determine 

whether several specific HPV types were more commonly found in certain anatomic 

regions. Table 4 (Appendix A) compares the site/specimen distribution of HPV positive 

samples for HPV types 6, 11, 16, and 18 (those types currently targeted by a prophylactic 

vaccine), as well as four other commonly found types (HPV types 51, 52, 62, and 84). In 

general, genital sites did not differ in the proportion of HPV-positive samples that 

contained any of these eight HPV types. However, the proportions of HPV-positive 

samples that were positive for oncogenic or non-oncogenic types at the anal sites were 

lower than the proportions found in the shaft, and the proportion of HPV-positive anal 

samples that were positive for unclassified HPV was higher than the proportion found in 

the shaft. Multiple HPV infections were more likely to occur in the shaft or glans/coronal 

than in the scrotum or anal sites (Table 4, Appendix A). 
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  Prevalence by city and time period of analysis. Of the 104 men sampled in 

Tampa, 75 men (72.1%, CI: 62.5-80.5%) were HPV positive at any site or specimen. This 

compares to 228 of 359 men (63.5%, CI: 58.3-68.5%) HPV positive in Tucson. The 

slightly higher proportions of HPV positive in Tampa but overlapping CIs are fairly 

consistent across sample/specimen types and HPV types (data not shown). The 

differences in prevalence by clinic site disappeared after adjustment for date of HPV 

analysis, because Tampa men were sampled later in the study, when laboratory methods 

were most sensitive (Figure 4). After correction for date of lab analysis using the logistic 

regression model that included date dichotomized at June 1, 2005, and prediction based 

on an assumption that all men were sampled after that date, overall HPV prevalence 

increased from 65.4% to 69.6% (95% CI: 65.4-73.8%).  



 
Figure 5. HPV prevalence and 95% CI (HPV positive by PCR or typing) by quartiled date of visit 
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Quartiles (114-119 men per quartile) 
1: 12/12/03-10/17/04, overall prevalence (Tucson). No men from Tampa participated in this time period. 
2: 10/28/04-4/22/05, overall prevalence (Tucson). No men from Tampa participated in this time period. 
3: 4/24/05-7/5/05, overall (left), Tucson (middle), Tampa (right) 
4: 7/6/05-1/3/06, overall (left), Tucson (middle), Tampa (right) 
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D. Factors associated with HPV infection 

Results of the analysis of factors associated with any HPV infection, oncogenic 

HPV infection, and non-oncogenic HPV infection are presented in detail in the 

manuscript “Risk factors for anogenital human papillomavirus infection in asymptomatic 

men” (Appendix B). A summary of those results and an evaluation of potential 

interactions between monogamy and condom use, circumcision and ethnicity, and 

circumcision by anatomic site are described below. This section also describes the factors 

associated with multiple infection.  

 As a sexually transmitted infection, HPV was expected to be associated with 

many of the sexual behavior and sexual history characteristics that participants reported. 

Furthermore, because several different questions related to these characteristics were 

included on the questionnaire, it was expected that many would be correlated. The 

correlation between variables is important information for building models that avoid 

collinearity and include the most important predictors of HPV outcomes. Several of the 

sexual behavior variables were statistically significantly correlated (Table 7, Appendix 

E); however, only three had Spearman correlation coefficients greater than 0.70. These 

were different female partners in the past three months and new female partners in the 

past three months (r = 0.71), frequency of sexual intercourse in the past three months and 

in the past one month (r = 0.84), and condom use during vaginal sex in the past three 

months and condom use with a steady partner in the past three months (r = 0.92). All 

other correlation coefficients between sexual behavior variables were 0.36 or lower. 

When any of the pairs of strongly correlated variables was a candidate for inclusion in a 
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multivariate model, the variable with the stronger association was chosen, and the 

correlated variable was excluded to avoid multicollinearity. 

 Bivariate analyses of the associations between each of three HPV outcomes and 

self-reported sociodemographic, sexual behavior and history, and health characteristics 

are presented in Tables 1-3, Appendix B. Statistically significant associations differ 

somewhat depending on whether the outcome is any HPV type, oncogenic HPV, or non-

oncogenic HPV. However, currently smoking 10 or more cigarettes per day and having a 

greater number of female partners in one’s lifetime or in the past three months were 

positively associated with all three outcomes in bivariate analysis. Recent frequency of 

sexual intercourse and having had genital warts detected at the clinical visit was 

associated with any HPV type and with oncogenic HPV but not non-oncogenic HPV. 

And failure to use condoms and having had a sexual partner with a history of an 

abnormal Pap smear were associated with oncogenic HPV only. 

 Table 4 in Appendix B presents the factors found to be independently associated 

with HPV detection in multivariate analysis. The factors associated with any HPV were 

smoking 10 or more cigarettes per day and increasing number of lifetime sexual partners. 

Lifetime number of partners was also associated with oncogenic HPV, as was failure to 

use condoms. For non-oncogenic HPV, a greater number of different female partners in 

the past three months was the only statistically significant independent risk factor. After 

multivariate models were built for each outcome, the variables included in the other 

outcome’s models were added to each multivariate model in order to compare the effect 

of the variables on all outcomes (Table 4, Appendix B).  
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 The odds ratios for several factors varied substantially between strata of 

monogamy, circumcision, Hispanic ethnicity, and clinic site (Tables 8-11, Appendix E). 

Interaction terms for these variables were created and added to the multivariate models 

described above. Two statistically significant interaction terms of interest emerged: 

condom use by monogamy and circumcision by ethnicity. These associations, described 

below, will be included in a future manuscript, separate from the one presented in 

Appendix B on risk factors. 

 Condom use effect differs by recent number of partners and anatomic site. A 

moderate association was observed between condom use and oncogenic HPV infection 

(OR: 2.9 for never versus always use, Table 4, Appendix B); however, in the gradient of 

the five categories of condom use from “always use” to “never use”, a trend of increasing 

odds ratios was observed for the first four categories but dropped for the last category, 

“never use”. A difference in the effect of condom use depending on whether the 

participant were in a monogamous sexual relationship was hypothesized to account for 

this observation. Therefore, men’s self-reported number of female partners in the past 

three months was used as the basis to categorize men as monogamous (one partner) 

versus non-monogamous (two or more partners). An interaction between monogamy and 

condom use in the past three months was observed. For non-monogamous men, those 

who never used condoms had higher odds (OR: 7.0, CI: 1.3-39.1) of HPV detection than 

those who always used condoms (Table 12, Appendix E). The same association was not 

observed for monogamous men (OR: 1.0, CI: 0.5-1.8).  
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  A variable that combined information about a participant’s monogamy and his use 

of condoms was created, and associations with any HPV, oncogenic HPV, and non-

oncogenic HPV are presented in Table 13, Appendix E. Men who always used condoms 

or were monogamous in the past three months had lower odds of having HPV detected at 

any site, as compared to non-monogamous men who never used condoms (OR: 0.2 for 

both associations). Men who had no sexual intercourse in the past three months had even 

lower odds of HPV detection (OR: 0.1). Similar and statistically significant associations 

were observed for oncogenic HPV. For non-oncogenic HPV, associations were weaker 

and not statistically significant. 

  Because the outcome variables used to evaluate the association between HPV and 

condom use included anatomic sites that are not covered by a condom, associations 

between condom use and each anatomic site were evaluated separately. As might be 

expected, the only statistically significant association, after adjustment for other 

predictive variables, was with the penile shaft (Table 14, Appendix E). 

  Circumcision associations differ by anatomic site and by ethnicity. No statistically 

significant effect of circumcision was observed overall (Table 2, Appendix B); however, 

because the outcome variables used included HPV results from anatomic sites that could 

not be expected to be influenced by circumcision, associations between circumcision and 

each anatomic site were evaluated separately. Also, because statistically significant 

negative associations between circumcision and HPV infection have been reported in 

recent studies of men in Mexico [29, 45], an analysis of the association between 

circumcision and HPV detection stratified by Hispanic ethnicity was done.  
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  Circumcision status was both self-reported and determined by the study clinician. 

The two sources were in agreement 95% of the time; however, one man who reported 

having been circumcised was considered by the clinician not to be, and 24 (25%) men 

who reported not having been circumcised were considered by the clinician to be 

circumcised. Because circumcision was not explained in the questionnaire and because at 

least a few men did ask for clarification of the term, we used the clinician’s assessment in 

these analyses.  

  There was a marginally significant (p < 0.10) protective effect of circumcision 

against HPV infection at the glans penis / coronal sulcus (adjusted OR: 0.6) and the 

urethra (adjusted OR: 0.4) (Table 15, Appendix E). The effect on HPV detected at the 

glans penis/coronal sulcus was consistently protective but not statistically significant for 

oncogenic, non-oncogenic, or all HPV types (ORs ranged from 0.68 to 0.79, all p > 0.18).  

  Furthermore, among non-Hispanic men, there was no difference in HPV detection 

by circumcision status (65.3% of circumcised, non-Hispanic men and 57.5% of 

uncircumcised, non-Hispanic men were HPV positive) (Table 16, Appendix E). 

However, Hispanic men who were uncircumcised had greater odds of HPV detection 

(OR: 2.9, p = 0.09) than uncircumcised non-Hispanic men, indicating a significant 

interaction between Hispanic ethnicity and circumcision status. Among uncircumcised, 

Hispanic men, 81.5% were HPV positive, compared to 65.4% of circumcised, Hispanic 

men. Although the adjusted ORs of 0.4 for Hispanic men and 1.1 for non-Hispanic men 

were not statistically significant, we had insufficient power to detect a significant 

association, given the high prevalence of circumcision and of HPV.  
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  Multiple infections. Because of the way oncogenic and non-oncogenic HPV 

categories were defined, the oncogenic category had a greater proportion of multiple-type 

infections (Table 17, Appendix E). Factors associated with single type HPV infections 

(regardless of oncogenic classification) and with multiple type HPV infections are 

presented in Table 18 (Appendix E). No variables were found to be statistically 

significantly associated with single type HPV infection; however, many factors were 

associated with multiple type HPV infection (Tables 18-19, Appendix E). Table 20 

(Appendix E) shows the factors independently associated with multiple HPV infections, 

which include currently smoking ten or more cigarettes per day, lifetime number of 

female sex partners, condom use and frequency of sex during the past three months, and 

having genital warts identified during the clinical visit. 

 

E. HPV-16 antibody seroprevalence and associated factors 

The third manuscript sought to determine the seroprevalence of HPV-16 and 

associated risk factors (Appendix C). The following section is a summary of results.  

The HPV prevalence results reported above indicated the proportion of men who 

were harboring HPV DNA on the surface of anogenital skin or in semen at a single time 

point. Eleven percent of men had HPV-16 DNA detected at any site. In order to gauge 

long-term exposure of men to HPV-16, one of the HPV types most strongly associated 

with cervical cancer, antibodies to HPV-16 in serum were measured. Sixty-three of 492 

men (12.8%) were positive for HPV-16 antibodies in serum. Increasing age, cohabiting 

marital status, and concurrent anal HPV infection were independently associated with 
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seropositivity. For example, men who were 40 years old were significantly more likely 

than men who were 20 years old to be seropositive (OR: 12.4, CI: 5.7-27.0), after 

adjustment for marital status and having HPV-16 DNA detected at the perianal area or 

anal canal (Table 4, Appendix C). Concurrent HPV-16 DNA detection at an anal site was 

associated with a significant increase in the probability of HPV-16 seropositivity (OR: 

6.1, CI: 1.4-26.7) after adjustment for age and marital status; however, concurrent HPV-

16 DNA detection at genital sites was not associated with seropositivity. No lifetime or 

recent (in the past three months) sexual behaviors were independently associated with 

seropositivity of HPV-16. 

 

F.  Logistic regression diagnostics  

Tests of the assumptions required for logistic regression indicated that no 

assumptions were violated. However, areas under the Receiver Operating Characteristics 

(ROC) curves indicated better fits for the models of oncogenic HPV infection and HPV-

16 seropositivity than for the other models, implying that some variables of importance in 

predicting the outcomes were not being accounted for. The ROC for any HPV type was 

0.66; for oncogenic HPV types, 0.73; for non-oncogenic HPV types, 0.75; and for HPV-

16 seropositivity, 0.77.  

In none of the three models for each of the HPV DNA outcomes were there any 

observations that had extreme leverage or Pregibon’s delta-beta (db) influence statistics 

(Figures 1-4, Appendix E). Those with the highest db in the HPV-16 antibody model 

were young men who did have HPV-16 antibodies detected and had missing anal HPV 
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results (they were among the 30 men whose swab samples were used in the optimization 

of the HPV DNA detection assay). Their ages were not out of range, however, and their 

residuals were not larger than others. 

The only continuous variable included in any multivariate model was age, which 

was included as a linear and a squared term in the model of HPV-16 seropositivity. To 

determine whether the model fit better for certain values of age, the deviance residuals 

were plotted against the sum of age and age squared (Figure 5, Appendix E). Some 

curvature in the plot indicated an inadequate fit; however, the addition of higher order 

polynomials of age did not have statistically significant slope coefficients in the 

multivariate model and were not included in the final model. 

 

III. Conclusions 

  The HPV Detection in Asymptomatic Men study is the largest study of men to 

include comprehensive anogenital sampling for the detection of many specific HPV 

types. The primary findings of interest in this study are 1) a high prevalence (65.4%) of 

HPV DNA detected in anogenital sites of asymptomatic, primarily heterosexual men, 2) 

lifestyle associations with HPV DNA detection that include current smoking and condom 

use, and 3) risk factor associations with HPV-16 seroprevalence that include age and 

concurrent anal HPV-16 DNA detection. These results support prevention messages of 

smoking cessation and condom use and indicate that future studies of HPV in men should 

include complete anatomic sampling—including the penile shaft and anal sites. 
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  The prevalence of any HPV type found in the current study is higher than 

previously reported for asymptomatic men that were not selected from STD clinic 

patients or from partners of women with HPV-related disease. The range of prevalence 

estimates in 17 published studies of men recruited from a general, health maintenance 

organization (HMO), or military population was 1.3-44.6%, with an unweighted average 

prevalence of 25.0% [45, 46, 50-53, 55, 57, 58, 62, 68-72, 78, 81]. This higher prevalence 

can be attributed to three aspects of our clinical sampling and HPV DNA detection 

laboratory methods. First, the current study included the most complete sampling of the 

anogenital area ever undertaken, and only urethral and semen samples were determined 

not to contribute to the overall prevalence (Giuliano et al. 2006, in preparation). That is, 

omitting those samples did not result in a drop in prevalence greater than 5%. We can 

infer that, had other studies of asymptomatic men conducted more complete sampling, 

their prevalence estimates would have been significantly higher than reported. 

  Second, we tested each sample individually for HPV DNA. This practice had 

molecular and statistical influence on the increased likelihood of HPV positivity. Because 

the PCR reaction that occurs during testing for HPV in each sample can be inhibited by 

proteins in the sample [117], individual testing of anatomic sites allows the greatest 

chance to detect HPV if it is present in one sample but absent in others. Likewise, 

because this study defined a man to be HPV positive if one of the seven samples 

contained HPV DNA, the more samples a man contributed, the greater his chances of 

being considered to have a prevalent HPV infection. 
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  Third, the HPV genotyping assay allowed detection of 37 types, and all samples 

were genotyped, regardless of PCR result. This is not a common practice, as it increases 

the time and cost required to analyze each sample; however, it yielded more sensitive 

detection. Only since 2005 have HPV studies in men included reporting on more than 27 

HPV types [44]. Among 34 studies published between 1991 and 2006, those that were 

published before 2000 used methods for detection of an average of 5.9 HPV types, while 

those published in 2000 or after sought to detect an average of 12.4 HPV types [44]. 

  Other factors that may have contributed to the higher prevalence could be 

eligibility requirements and participant recruitment. First, one of our eligibility 

requirements was that participants must have had sex with a woman within the past year. 

This requirement excluded men who were virgins or had a history of prolonged 

abstinence. Second, men were able to self-refer to the study. Therefore, men could have 

been more likely to join the study if they had heard from a partner that she had tested 

positive for HPV or had been diagnosed with genital warts. Other studies suggested that 

having a partner with current HPV infection was likely to increase the probability of 

having HPV DNA detected [59]. Lastly, although men were excluded if they had 

symptoms of an STD or were currently being treated for an STD, some recruitment was 

conducted at the county STD clinic and might, therefore, have resulted in selection of 

men at higher risk for HPV. 

  The high prevalence of HPV infection contrasts with the finding that the same 

sample of men had a seroprevalence of HPV-16 antibodies of 12.8%, well within range 

of previously published estimates for men sampled from health maintenance 
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organizations or the general population in the U.S. (3-30%) [97, 98, 100, 101, 118]. This 

finding supports the supposition that the men themselves were not at higher risk for HPV 

than other population samples but that our HPV DNA detection methods were more 

sensitive than those used to detect HPV DNA in other studies.  

  The analysis of factors associated with HPV DNA detection and with HPV-16 

antibody seropositivity included confirmation of some previously reported associations 

and detection of new potential risk factors. The detailed questions on condom use and 

smoking and the complete anatomic site sampling, including the anal region, allowed 

more extensive evaluation of associations than had previously been reported. Independent 

factors associated with any type of HPV detection were currently smoking ten or more 

cigarettes per day and increasing lifetime number of female sex partners. These analyses 

were the first to identify an association between current cigarette smoking and HPV DNA 

detection. Adjusted for other factors, smoking at least 10 cigarettes per day was 

associated with 2.2 times higher odds of detection of any HPV type. However, smoking 

had been reported to be associated with persistence of HPV infection and with anal and 

penile cancer in men. Kruger-Kjaer et al. noted that current smoking, along with having 

multiple or high-risk HPV types at enrollment were the most important risk factors for 

HPV persistence [71]. In two case-control studies, penile cancer cases were 4.5 times 

more likely to be smokers than were controls (CI: 2.0-10.1) [119], and anal cancer cases 

were 3.9 times as likely to be smokers (CI: 1.9-8.0) [120]. In another case-control study, 

genital warts cases were 1.9 times more likely than controls to smoke 11 or more 

cigarettes per day (CI: 1.0-2.3) (versus not smoking) [121]. Smoking among men has also 
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been associated with their wives’ cervical cancer risk in a case-control study: after 

adjustment for the wife's pack-years of smoking and other factors, the husband's smoking 

was moderately associated with cervical cancer (adjusted OR: 2.5 for > 26.2 pack-years 

versus none, CI: 1.4-4.4) [32].  

  Factors associated with oncogenic HPV infection were lifetime number of female 

sex partners and lack of condom use. The factor independently associated with non-

oncogenic HPV infection was reporting two or more female sex partners in the past three 

months (versus none). When the effect of condom use was stratified by whether the 

participant reported only one partner (i.e., “monogamous”) versus reporting two or more 

partners in the past three months, it became clear that monogamy is an effect modifier of 

the relationship between condom use and HPV detection. The failure to report condom 

use by monogamy in previous studies might have contributed to reports of null findings. 

The current study’s use of questions that focused on the level of use during vaginal sex in 

the previous three months could have resulted in more accurate classifications of usage 

than other studies that only included questions of “ever use” versus “never use” condoms.  

  Although others have reported statistically significant negative associations 

between circumcision and HPV infection in men [29, 45, 73, 82], no significant 

association was observed in the current study. The differences in conclusions might be 

based on the prevalence of circumcision across study populations (which affects power to 

detect an association) and the differences in the choice of anatomic sites for sampling. 

For example, at the distal urethra and glans penis / coronal sulcus we found non-

significant protective effects of a similar magnitude (Table 15, Appendix E) as those 
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reported by Castellsague et al., who sampled only those two sites [29]. Because the 

majority of studies have detected HPV on the penile shaft or prepuce (Nielson 2006a, 

[57, 58, 80], it would be important for proposed protective measures to reduce the risk of 

HPV infection at those sites. The current study showed no association between HPV 

detection at the penile shaft and circumcision (adjusted OR: 0.9, 95% CI: 0.5-1.5). 

However, in the sampling method used in the current study, if the prepuce was present, it 

was sampled with the shaft, a practice that precluded knowledge of the HPV status of the 

shaft alone. It is also important to note that studies of circumcision in populations with a 

high rate of circumcision, such as in the U.S., require greater numbers to detect a 

significant association. This may be the source of null findings here and in Weaver et 

al.[58] and Shin et al.[52]. Results from an ongoing randomized intervention trial of 

circumcision on HIV incidence that will also include detection of HPV infection may 

provide the most convincing evidence of the effect of circumcision to date (refer to 

ClinicalTrials.gov study identifier NCT00124878). 

  Although some demographic differences existed between our sample of men and 

the underlying population and between the Tucson and Tampa samples of men, these are 

not expected to have an influence on the prevalence of HPV infection. Our lower 

recruitment of Hispanic men than would be representative of the population, the greater 

proportion of black men in Tampa than in Tucson, and the overrepresentation of men in 

the 20-24 age group in both cities are not expected to skew prevalence estimates because 

race, ethnicity, and age were not found to be associated with HPV DNA detection. 
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  Age and marital status were, however, associated with HPV-16 antibody status, 

and our study sample’s overrepresentation of younger men within the 18-40 age group 

and of single men may indicate that our seroprevalence estimate is lower than in the 

general population of U.S. men in this age group.  

  The ROC results suggest that variables other than those we have measured 

account for some of the variation in HPV DNA and HPV-16 antibody presence in these 

men. Of course, the most influential predictor that was not measured is whether the 

participant’s sexual partner(s) were infected with HPV. Other factors might include the 

participant’s immune status or genetic predisposition for HPV susceptibility, which have 

been linked to HPV persistence in women and might logically be expected to influence 

men’s HPV status [122, 123]. It is noteworthy that better-fitting models were built for the 

two more specific outcomes, namely infection with oncogenic HPV and the presence of 

HPV-16 antibodies, than for the two outcomes that included unclassified HPV types. The 

poor fit of models to describe factors associated with non-oncogenic HPV and any HPV 

may indicate the presence of HPV types not transmitted sexually and, therefore, not 

predictable by the variables measured in this study.  

  As has been reported in women [23], we found that a large proportion (41.9%) of 

HPV-positive men had multiple HPV types detected. In women, multiple types have been 

associated with acquisition of new types, HPV persistence, and with having dysplasia 

[24, 26, 27]. In male cohort studies, multiple HPV types at baseline were a risk factor for 

persistence [45, 71]. It is unknown whether multiplicity of infection affects transmission 

rates between partners. In this study, we found independent associations between having 
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multiple HPV types detected and current heavy cigarette smoking, lifetime number of 

female partners, condom use in the past three months, frequency of sexual intercourse in 

the past three months, and genital warts detected at the clinical visit. We observed that 

the first four of these factors were also independently associated with any HPV, 

oncogenic HPV, and non-oncogenic HPV, and the last is a factor known to be associated 

with non-oncogenic HPV. The lack of associations between single HPV-type infection 

and any factor reported to be associated with HPV previously or in the current study 

implies that the multiple-type infections within oncogenic categories may be driving the 

associations we observe. Because multiple HPV infections have been associated with 

persistence [26], which is regarded as the most important risk factor for cervical 

carcinogenesis [22], an important question for future research is the effect of HPV 

coinfection on viral persistence in men and on transmission to sexual partners. 

  A previously reported trend of increasing seroprevalence of HPV-16 antibodies 

with increasing age was confirmed in our participants [95, 97, 99]. This trend could 

support the notion of HPV seroprevalence as a cumulative marker of exposure over 

several years. In this study, men who were 35 years old, for example, were 3.1 times as 

likely to have HPV-16 antibodies detected as men who were 20 years old. The inclusion 

of anal sampling allowed us to detect for the first time an association with concurrent 

anal HPV DNA detection. Several of the other potential risk factors for HPV-16 

seropositivity were also related to age, which explains why they were determined not to 

be independently associated with seropositivity in the backward logistic regression model 

selection. For example, men in the oldest age group (35-40 years) were approximately 4 
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times as likely as those in the 18-19 year old group to have paid for sex with a woman, 

which was associated with seropositivity by bivariate analysis (Table 2, Appendix C). 

Similarly, the average ages of participants in the cohabiting or divorced/separated 

categories were 28.4 years and 34.1 years, respectively, as compared to 25.3 years in the 

single, never married category (both p < 0.01). Circumcised men also were older (mean: 

27.4 years) than uncircumcised men (mean: 25.4 years, p = 0.01). 

  The results of this study have implications for future studies of HPV in men and 

in partners. The correct classification of HPV status is important for accurately 

determining prevalence and incidence in men. We conclude that sampling in men must 

include the entire external genital skin and the perianal and anal canal to avoid false-

negative HPV classification. Methods for HPV DNA detection must be sensitive for the 

most inclusive set of HPV types possible; and all samples, regardless of PCR results 

should be tested by genotyping, which is more sensitive than PCR alone. Furthermore, if 

samples from various anatomic sites are to be pooled before testing, a loss in sensitivity 

must be assumed.  

  This study contributes to the understanding of HPV in men in terms of expected 

infection prevalence and HPV-16 seroprevalence, anatomic site-specific HPV type 

distribution, and predictors of HPV DNA and HPV-16 antibody detection. These results 

will be valuable in the design of studies of HPV transmission between sexual partners 

and prophylactic HPV vaccines and in efforts to model the impact of potential vaccine 

strategies. Future analyses on the associations between HPV detection and condom use 

by sexual activity group, circumcision status by anatomic site, and multiple-type 
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infection may also yield valuable information for use in future prevention studies. These 

latter analyses will be the focus of future publications. 
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ABSTRACT 

Introduction: Human papillomavirus (HPV) is sexually transmitted and causes cervical 

cancer. While HPV can infect men and women, little is known about infection in men. 

Specifically, the prevalence of type-specific HPV infection and the distribution of 

infections by anogenital anatomic site in men are incompletely characterized.  

Methods: We tested 463 men ages 18-40 years for HPV at the glans/corona, penile shaft, 

scrotum, urethra, perianal area, anal canal and in a semen sample. Eligible men had no 

history of genital warts and had sexual intercourse with a woman within the past year. 

HPV testing by PCR and reverse line blot genotyping for 37 types was conducted on each 

of the specimens from the seven sampling sites.  

Results: When HPV results from any sampling site were considered, 303 (65.4%) men 

were positive for at least one HPV type. The types with the highest prevalence were HPV 

16 (11.4%) and 84 (10.6%). External genital samples (glans/corona, shaft, and scrotum) 

were more likely than anal samples to contain oncogenic HPV (25.1% vs 5.0%). HPV-

positive penile shaft and glans/corona samples were also more likely to be infected with 

multiple HPV types than other sites.  

Conclusions: More complete anogenital sampling and sensitive detection for 37 HPV 

types resulted in a higher HPV prevalence in asymptomatic men than previously 

reported. The penile shaft was the site most likely to be HPV positive and harbored the 

greatest proportion of multiple-type and oncogenic infections. These results have 

implications for research of HPV among men and transmission between partners. 
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INTRODUCTION 

Human papillomavirus (HPV) is the most common sexually transmitted infection (1) and 

is the necessary cause of cervical cancer. Approximately 60 HPV genotypes are known to 

infect the genital tract, 13 of which are considered “high risk” or oncogenic (2, 3). 

Although infection is most often asymptomatic and transient, oncogenic genotypes of 

HPV are strongly associated with development of cervical cancer and are associated with 

other anogenital cancers in both men and women to varying degrees (4). Non-oncogenic 

HPV types cause genital warts and other benign lesions (5).  

  Several studies have provided estimates of HPV prevalence among men; 

however, these estimates range widely, from 0% to 73% (6). Significant barriers to the 

synthesis and interpretation of these studies are the inconsistency of sampling techniques 

used, the variety and combinations of sites and specimens sampled, and the testing for 

different HPV types. Few studies have assessed multiple specimens from different 

anatomic sites. Recent studies among university students or sexually transmitted disease 

(STD) clinic attendees in the United States found HPV in 28% to 43% of men (7-9). 

Studies with similar testing strategies in male partners of women with HPV-related 

cervical abnormalities reported prevalences of about 70% (10, 11). 

Comparisons of the proportion of HPV-positive results among the various 

sampling sites and specimens have recently been reported; however, the interpretation of 

these studies is limited by small sample sizes and differences in methods or sites and 

specimens (8, 9, 11-20). Consistently, the prepuce has the highest proportion of HPV- 
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positive samples. The shaft also usually yields more HPV positive samples than, for 

example, the urethra, glans/corona, or scrotum samples (6). 

In order to further the understanding of male HPV infection and the prevention of 

infection in men, as well as transmission to women, it is necessary to assess HPV 

infection at several different anatomic sites of the male genital tract. In the current study, 

genital HPV infection in asymptomatic men was determined in six anatomic sites and 

semen. HPV type-specific prevalence estimates were compared across sample types. 

 

MATERIALS AND METHODS 

Study design. A cross-sectional study of human papillomavirus (HPV) infection was 

conducted in Tucson, Arizona, from 2003 to 2006 and Tampa, Florida, in 2005. Men 

were eligible to join the study if they 1) were between 18 and 40 years old, 2) had sexual 

intercourse with a woman within the past year, 3) had 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 STD. Primary methods of recruitment were through 

advertisements in city and university newspapers, flyers in public places, and in-person 

recruitment at the local air force base and the county health department STD clinic.   

All participants gave informed consent, and all procedures were approved by the 

University of Arizona Human Subjects Protection Program, Centers for Disease Control 

and Prevention Institutional Review Board, United States Department of Defense, and the 

University of South Florida Institutional Review Board. 
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Clinical sampling. Men were asked 1) not to have sex 24 hours before the clinical 

visit to avoid detecting HPV from partners and 2) not to wash the genitals the morning of 

the visit. The study clinician examined each participant’s genital, abdominal, and anal 

areas and recorded the number and location of any lesions or warts. These were sampled 

by rubbing with a saline-wetted Dacron swab and stored as described below. The 

clinician also recorded the presence and location of any erythema, abrasions, rashes, 

inflammation, discharge, or piercings in the same regions and whether the participant was 

circumcised.  The study clinician used a calcium alginate or Dacron urethral swab to 

sample the urethral epithelium. The swab was inserted approximately 2 cm into the 

urethra and rotated 360 degrees while removing it. The clinician sampled the other 

anogenital sites by rubbing separate saline-wetted Dacron swabs over the entire surface 

of the 1) glans penis/coronal sulcus, 2) penile shaft (including prepuce, if present), 3) 

scrotum, and 4) perianal area. Another saline-wetted Dacron swab was inserted into the 

anal canal up to the anal verge. Each of these six swabs was placed in a separate 

collection tube filled with 250 µl (urethral swab) or 350 µl (all other swabs) Specimen 

Transport Medium (STM, Digene Corporation, Gaithersburg, MD). Men were instructed 

to collect a semen sample by masturbation 12 to 36 hours before the clinical sampling 

visit, not to touch the inside of the cup, and to refrigerate the sample until the clinical 

visit. Collection tubes were labeled with the participant’s study identification number, 

date of collection, and specimen type and were stored at –20˚ C. Samples were collected 

by one of five study clinicians: 74% of men were sampled by the primary clinician in 
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Tucson; 21%, by the primary clinician in Tampa; and 5%, by three additional clinicians 

in Tucson.  

To improve recruitment, the urethral sample was made optional midway through 

the recruitment period. In addition, a preliminary analysis revealed that the urethral and 

semen samples did not significantly contribute to overall HPV prevalence and were 

eliminated in the third year of the study. The anal canal sample was added after the study 

began; therefore, this sample was not provided by the first 58 men. 

  HPV DNA detection and genotyping. HPV testing of swabbed cellular material 

and semen was conducted using polymerase chain reaction (PCR) for amplification of a 

fragment of the L1 gene (21). DNA extraction was performed using the QIAamp DNA 

Mini Kit (QIAGEN, Valencia, CA) according to the instructions of the manufacturer. 

Briefly, 200µl aliquots of clinical material were digested with 20µl proteinase K for 1hr 

at 65˚ C, followed by 200µl of lysis buffer.  DNA was eluted with 50µl of 10 mM Tris-

EDTA buffer, pH7.5 at 60˚ C. DNA was stored at –20˚ C until use. 

  Specimens were tested for the presence of HPV by amplifying 5µl of the DNA 

extracts with the PGMY09/11 L1 consensus primer system (21) and AmpliTaq Gold 

polymerase (Perkin-Elmer, Foster City, CA). Each 50 µl amplification contained 1X PCR 

Buffer II; 2.5 mM MgCl2; 200µM (each) dCTP, dGTP, and dATP; 600µM dUTP; 7.5 U 

of AmplTaq Gold; 1µM of PGMY09; 1µM PGMY11; 2.5 nM of B_PC04; 2.5 nM of 

B_GH20; and 5µl of the template.  For eventual inclusion of uracil-N-glycosylase to 

prevent product carryover, dTTP was replaced with dUTP. To determine specimen 

adequacy, the GH20/PC04 human β-globin target was co-amplified using the B_PCO4 
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and B_GH20 primers along with HPV consensus primer amplification. For every PCR 

plate a negative control (H2O) and a positive control (CaSki Cells DNA) were run to 

control for possible contamination and accuracy. The samples were amplified using 

Perkin-Elmer GeneAmp PCR System 9700. The following amplification profile was 

used: 95˚ C hotstart for 9 minutes, 95˚ C denaturation for 1 minute, 55˚ C annealing for 1 

minute, and 72˚ C extension for 1 minute for 40 cycles; followed by a 5 minute terminal 

extension at 72˚ C; and a hold step at 4˚ C.  

  HPV genotyping was conducted using the reverse line blot method (22) on all 

samples, regardless of HPV PCR result. This detection method utilizes the HPV L1 

consensus PCR products labeled with biotin to detect 37 HPV types. The HPV genotype 

strip contains 39 probe lines, detecting 37 individual HPV genotypes and two 

concentrations of the β-globin control probe (Roche Molecular Diagnostics, Alameda, 

CA). The PCR products labeled with biotin were denatured and added to the probe strip 

in a hybridization buffer. After strips were washed, a streptavidin-horseradish peroxidase 

conjugate was added to facilitate detection of the various HPV types. After final wash, 

buffer was removed by vacuum aspiration, and strips were rinsed in 0.1M sodium citrate. 

Color development was activated by incubation in a mixture of hydrogen peroxide in 

sodium citrate buffer and tetramethylbenzidine in dimethylformamide for five minutes on 

a rotating platform (70 RPM). Developed strips were interpreted and photographed for 

future reference. Strip interpretation was performed with a labeled overlay, with lines 

indicating the position of each probe relative to the reference mark. 
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  Definition of outcomes. The oncogenic HPV types associated with cervical 

dysplasia and cancer included 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66 (3). 

The other (non-oncogenic) types detected with the line blot methodology of Roche were 

6, 11, 26, 40, 42, 53, 54, 55, 61, 62, 64, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, IS39, 

and CP6108. The presence of any HPV DNA was defined as a positive result by PCR or 

by genotyping. β-globin-negative samples that were positive for HPV by PCR and/or 

genotyping were included as HPV positive. The absence of any HPV DNA was defined 

as a negative result by PCR and genotyping in a sample positive for human β-globin. 

Samples without detection of β-globin or HPV were deemed inadequate for evaluation 

and treated as missing. If the sample was positive for HPV by PCR but none of the 37 

types was found in genotyping, the HPV type was classified as “other type / 

unclassified”. 

  Statistical analysis. To determine the overall prevalence of HPV, a man was 

considered to have HPV infection if any of his samples were positive for any HPV type 

or for an unknown type. Similarly, the prevalence of oncogenic, non-oncogenic, 

unclassified, and multiple types was calculated, using the same denominator.  

  To determine whether there were differences in infection depending on anatomic 

region or specimen examined, the proportion HPV positive and binomial exact 95% 

confidence intervals were calculated for oncogenic types, non-oncogenic types, 

unclassified, and multiple types. Furthermore, the proportions of HPV types 16, 18, 6, 11, 

and those HPV types that occurred in 5% or more of men were tested across anatomic 

sites and semen. Two-sample tests of proportions were carried out to compare each 



  104 

site/specimen to the penile shaft. Analyses were conducted using Intercooled Stata 9.1 for 

Windows (StataCorp; College Station, TX). 

 

RESULTS 

Of 1,674 men who were approached for recruitment, 768 completed the screening 

questions and were eligible. Of those eligible, 546 (71.1%) attended the first, enrollment 

visit to become enrolled in the study; and 493 (64.2%) completed the second, sample 

collection visit. Samples from the first 30 men were used for optimization of HPV testing 

and were not included in the prevalence analysis. In total, results from 463 men are 

included in these analyses. 

  Demographic characteristics of study participants are presented in Table 1. Men 

were between the ages of 18 and 40 years, with 49.9% under age 25 years. Most (77.5%) 

were recruited from Tucson, and 22.5% were recruited from Tampa. Most participants 

were white in both Tucson (72.7%) and Tampa (60.6%). Approximately 5.3% were black 

in Tucson, and 13.5% were black in Tampa; Hispanic ethnicity was reported by 17.8% in 

Tucson and 14.4% in Tampa. Other racial groups were represented by 9 or fewer 

participants in each city. Most participants (70.6%) were single, never married, and 

73.7% had completed at least some college education. The majority (61.4%) of men 

reported more than five female sexual partners in their lifetime. 

  All 463 participants provided at least one sample that was adequate (tested 

positive for β-globin) for HPV DNA testing. Between 93.7% and 95.7% of the external 

genital site samples and anal samples were adequate, while 83.7% of urethral samples 
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and 99.7% of semen were adequate. All 463 men provided penile shaft, glans/corona, 

scrotum, and perianal swabs, 405 provided the anal canal swab, 344 men provided a 

semen sample, and 331 provided a urethral swab.  

  When all HPV results from any anogenital site or semen sample were considered, 

303 (65.4%) of men were HPV positive for at least one HPV type (Table 2). By PCR 

analysis alone, 245 men (52.9%) were HPV positive at any sample. In 58 men, PCR 

results were negative but genotyping results were positive, increasing the number of 

positive men by either method to 303 (65.4%).  Among all men, 29.2% had at least one 

oncogenic type detected in at least one sample, and 36.3% had one or more non-

oncogenic types detected. An additional 14.3% had positive HPV results by PCR but not 

by genotyping, indicating the presence of an unclassified HPV type or an HPV type other 

than the 37 types detected by our genotyping protocol. More than one HPV type was 

found from 27.2% of men  (Table 2).  

  Type-specific prevalence of infection at any site. Table 3 shows type-specific 

infections by anatomic site. HPV-16 was the most common type detected overall 

(11.4%). Almost equally as prevalent (10.6%) was HPV type 84. Other oncogenic types, 

found in 4.5% to 6.0% of men, were types 39, 51, 52, and 59. The prevalence of each 

remaining oncogenic type was 2.2% or less. After type 84, the most common non-

oncogenic types were HPV types 62 (6.9%) and CP6108 (8.9%). Only 4.3-4.8% of men 

had HPV types 6, 53, and 68; and 3.2% or fewer had the remaining types detected.  

  HPV type distribution among HPV-positive samples. Among HPV-positive shaft 

samples, 45.0% had an oncogenic HPV type detected, 64.2% had a non-oncogenic HPV 
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type detected, 18.8% had an unclassified HPV type, and 38.5% had multiple HPV type 

infections (Table 4). When sites of infection were compared, HPV-positive perianal area 

and anal canal had significantly lower proportions of oncogenic, non-oncogenic, and 

multiple HPV type infection than the shaft and significantly higher proportions of 

unclassified HPV types. Multiple HPV-type infections were also significantly more likely 

to occur in the shaft or glans/corona than in the scrotum, anal sites, or urethra (Table 4). 

HPV-positive shaft samples had a higher proportion of HPV-16 than other anatomic sites 

and a lower proportion than semen; however, the differences in proportions were not 

statistically significant (Table 4). 

  Multiple HPV types. Approximately one quarter of all men (27.2%)—and 41.6% 

of HPV-positive men—tested positive for multiple HPV types. Most men who had 

multiple-type infection (79.3%) had two or three types detected; however, an additional 

26 men tested positive for 4 to 9 different types simultaneously (data not shown). Within 

a single site, multiple-type infection was more likely to occur in the shaft or glans/corona 

samples (38.5% and 36.3% of HPV positive samples, respectively) than in the scrotum 

(21.6%), perianal area (14.1%), or anal canal (11.9%) (Table 4). Only two urethral and 

three semen samples were positive for more than one HPV type. Most (76.5%) of HPV-

16 positive men had multiple infections, comprising 30.5% of all men with multiple 

infections (data not shown). 
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DISCUSSION 

The current study detected an overall HPV prevalence of 65.4%, a higher estimate than 

has previously been reported for asymptomatic men recruited from the general 

population. Oncogenic HPV infection occurred in 29.2% of men, and non-oncogenic 

infection, in 36.3% of men. External genital samples were more likely than anal samples 

to contain oncogenic or non-oncogenic HPV; however, unclassified types were equally as 

prevalent in both regions.  

The higher HPV prevalence reported in this study may be due to the sampling and 

HPV testing methods unique to this study. First, we collected the largest number of 

specimens from different anatomic sites and specimens ever reported in men. A recent 

study conducted in North America among 136 18- to 63-year-old men from the general 

population sampled five genital sites and measured 37 HPV types, yielding a prevalence 

of approximately 42% (8). While our methods were similar, we added two anal sampling 

sites, limited our study to men 18 to 40 years old, and genotyped all samples, regardless 

of PCR result.  

  Second, we tested each of six anatomic samples and semen individually for HPV 

DNA. This practice had molecular and statistical influence on the increased likelihood of 

HPV positivity. Because the PCR reaction could be inhibited by proteins in the sample, 

individual testing of anatomic sites allowed us a greater chance to detect HPV if it were 

present in one sample but absent in others than if we had tested pooled sites or samples. 

Studies that combined anatomic sites or samples might have increased the concentration 
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of PCR inhibitors and/or diluted the targeted HPV DNA since it is likely that not all sites 

would have contained HPV (23). In the current analysis, the threshold for classifying a 

man as HPV positive was detection of HPV in one of seven samples. The larger number 

of contributed samples in this study increased the likelihood of detecting HPV and 

therefore of classifying the participant as HPV positive. Other recent studies have tested 

for HPV in multiple anatomic sites individually and reported some of the highest 

prevalences in men (15.8-70.0%) (8, 11, 17-19). However, lack of comparability of 

sampling sites included in these studies and in others wherein samples were pooled from 

different anatomic sites makes direct comparison difficult. 

Third, our HPV DNA testing methods allowed for detection of a greater number 

of HPV types than many earlier studies. HPV PCR and typing methods used in recent 

studies have allowed the detection of more HPV types than studies conducted in the 

1990s. Among 34 studies published between 1991 and 2006, those published before 2000 

used methods for detection of an average of 5.9 HPV types, while those published in 

2000 or later had the capacity to detect an average of 12.4 HPV types (6). The use of 

sensitive, standardized genotyping methods to detect at least 27 HPV types can account 

for higher prevalence estimates. Most of the recent studies reported prevalence estimates 

greater than 33% (only the South Korea estimate is lower, at 8.7%) (8, 9, 24-28).   

Fourth, our system of genotyping based on hybridization and signal amplification 

on all samples rather than only genotyping samples that were HPV positive by PCR could 

account for higher HPV prevalence. Genotyping PCR-positive samples only would have 

resulted in classifying 220 (30.5%) of all HPV-positive samples as negative, resulting in 
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a decrease of the prevalence estimate to 52.9%. The testing algorithm used in this study 

also allowed for the identification of 15 samples that were positive for HPV but β-globin 

negative. In many recent studies that used a PCR-based method for HPV DNA detection 

followed by reverse line blot genotyping, it was unclear whether researchers genotyped 

all samples or only those that were PCR-positive. However, in several other studies, the 

authors do state that only PCR-positive samples were genotyped (7-9, 26, 29, 30). The 

HPV prevalence among men in these six studies ranges from 8.7% to 42.8%; we might 

assume these underestimate the results that would have been obtained if PCR-negative 

samples had also been genotyped. 

The oncogenic HPV types with the highest prevalence were types 16 (11.4%), 51 

(6.0%), and 52 (5.0%). Worldwide, HPV type 16 was detected in 53.5% of HPV-positive 

cervical cancer cases, while HPV type 51 occurred in only 1.1% and HPV type 52 in 

2.5% of HPV-positive cervical cancer cases (31). Among non-oncogenic types, HPV 

types 84 (10.6%) and CP6108 (8.9%) were more commonly found than either HPV type 

6 (4.8%) or 11 (0.4%).  It may be of interest to further test for other HPV types, as studies 

of anal HPV infection among men who have sex with men have reported the presence of 

HPV types that were not included in our detection method (e.g., 2, 13, 34, 57, and W13B 

(32); and Pap155, Pap291, and AE2 (33)). HPV types 16, 45, and 51 have been reported 

as the most prevalent in women (34). Although we also found types 16 and 51 to be 

among the most common types, with 17% of HPV-positive men having HPV 16 and 9% 

of HPV-positive men having HPV 51, these proportions were not as high as found in 

women (over 20% for HPV 16 and approximately 12% for HPV 51 (34)). 
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No statistically significant site- or specimen-specific differences in the proportion 

of HPV-positive samples containing HPV 6, 11, 16, or 18 were identified. However, 

HPV-16 positive samples comprised a somewhat higher proportion of HPV-positive shaft 

samples (18.4%) than samples from other anatomic sites (9.0% to 13.5%). Shaft and 

glans/corona samples were significantly more likely to have multiple type HPV 

infections than other sites (38.5% of shaft and 36.3% of glans/corona vs 7.4% to 21.6% 

of other sites). These data emphasize the importance of the penile shaft and glans/corona 

as sites of HPV infection in men, as well as being sites with the most potential for HPV 

transmission during sexual intercourse. 

Generalizability of these results is limited by the self-selection of men into the 

study. We cannot rule out the possibility that, because men were able to self-refer, a 

proportion of men joined the study to be tested for HPV because of female partners who 

had told them of a positive result on a Pap smear or HPV test: 107 (23%) men in the 

study reported having had a partner who had ever had an abnormal Pap smear. This 

proportion is similar to that reported by women age 21 and older who responded to the 

National Health Interview Survey in the U.S., where 20% reported ever having had an 

abnormal Pap smear (35). The majority (61.4%) of men in this study reported having had 

more than five female sex partners in their lifetime. This might contribute to the higher 

prevalence found in this study than in two recent studies that also sampled the entire 

penis and scrotum and reported HPV prevalence of 41.3-44.6% (8, 25). Approximately 

half (48.5%) of the men in one study reported six or fewer partners (8), and 50.7% of the 

men in the other study reported fewer than three partners (25). Although men who were 
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recruited from STD clinics may have been more likely to have behaviors related to HPV 

acquisition, we believe that our exclusion of men with symptoms of an STD or a history 

of genital warts limits the number of “high-risk” men that participated.  

This analysis of HPV type-specific differences among anatomic sites and semen 

was limited by the few samples that were positive for any single HPV type. For example, 

the proportion of HPV-positive penile shaft samples that were positive for HPV-16 

(18.4%) is more than double that for the anal canal (9.0%); however, this difference did 

not reach statistical significance, perhaps due to small numbers of positive samples at 

each site. 

We conclude that HPV prevalence in asymptomatic men is higher than previously 

estimated. Complete sampling of the anogenital epithelium, HPV testing of each sample 

individually, the use of HPV assays that can detect 37 genital HPV types, and the practice 

of genotyping all samples has allowed us to detect HPV in men that may have otherwise 

been missed. With the exception of men living in Asian countries, who appear to have a 

much lower prevalence of HPV, and men who are partners of women with HPV-related 

cervical disease, who may have a higher prevalence, we expect the majority of average-

risk men to be positive for some type of anogenital HPV and nearly one-third of men to 

harbor at least one of the 13 oncogenic HPV types. Due to the cross-sectional nature of 

this study, it is not possible to assess whether these infections are primarily transient. 

Future research regarding the incidence and persistence of HPV infection using complete 

anogenital sampling, including anal sites, is of interest. Further research assessing HPV 
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transmission among heterosexual partners from these various anatomic sites will also be 

of importance in the prevention of HPV infection. 
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Table 1. Characteristics of men in the HPV Detection in Asymptomatic Men study (N = 
463) 
 All subjects 
 N % 
Residence   

Tucson, Arizona 359 77.5 
Tampa, Florida 
 

104 22.5 

Age   
18-19 50 10.8 
20-24 181 39.1 
25-29 90 19.4 
30-34 63 13.6 
35-40 
 

79 17.1 

Race   
White 324 70.0 
Black 33 7.1 
Asian/Pacific Islander 19 4.1 
American Indian/Alaska Native 9 1.9 
Other/unknown/refused 
 

78 16.9 

Ethnicity   
Hispanic 79 17.1 
Non-Hispanic 376 81.2 
Unknown/refused 
 

8 1.7 

Marital status   
Single, never married 327 70.6 
Married 59 12.7 
Cohabiting 29 6.3 
Divorced/separated 35 7.5 
Unknown/refused 
 

13 2.8 

Education   
< 12 years 117 25.3 
12-16 years 240 51.8 
> 17 years  101 21.8 
Unknown/refused 
 

5 1.1 

Lifetime number of female sex 
partners 

  

1-5 158 34.1 
6-10 92 19.9 
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 11-20 105 22.7 
21 or more 87 18.8 
Unknown/refused 
 

21 4.5 



Table 2. Prevalence of HPV infection by any site, external genital sites, and anal sites, HPV Detection in Asymptomatic Men 
study (N = 463) 

 Infection at any site External genital sites* Anal sites 
 HPV-positive 

men 
n (% of all 

men) 

95% CI for 
percentage of 
HPV-positive 

men 

HPV-positive 
men 

n (% of all 
men) 

95% CI for 
percentage of 
HPV-positive 

men 

HPV-positive 
men 

n (% of all 
men) 

95% CI for 
percentage of 
HPV-positive 

men 
Any HPV type 
 

303 (65.4) 60.9-69.8 265 (57.2) 52.6-61.8 110 (23.8) 20.0-27.9 

At least one oncogenic 
type†

135 (29.2) 25.1-33.5 116 (25.1) 21.2-29.3 23 (5.0) 3.2-7.4 

Oncogenic type(s) 
only‡

49 (10.6) 7.9-13.7 45 (9.7) 7.2-12.8 14 (3.0) 1.7-5.0 

Oncogenic and non-
oncogenic types‡ 

 

86 (18.6) 15.1-22.4 71 (15.3) 12.2-18.9 9 (1.9) 0.8-3.7 

At least one non-
oncogenic or unclassified 
type†  

168 (36.3) 31.9-40.8 149 (32.2) 27.9-36.6 87 (18.8) 15.3-22.7 

Non-oncogenic type(s) 
only‡

102 (22.0) 18.3-26.1 95 (20.5) 16.9-24.5 33 (7.1) 5.0-9.9 

Unclassified type only‡ 

 
66 (14.3) 11.2-17.8 54 (11.7) 8.9-14.9 54 (11.7) 8.9-14.9 

Multiple HPV types 
 

126 (27.2) 23.2-31.5 108 (23.3) 19.5-27.4 14 (3.0) 1.7-5.0 

* Includes glans penis / coronal sulcus, penile shaft, and scrotum. 
CI: Exact confidence interval 
† The n and % in these two rows sum to the top row (categories are complete and mutually exclusive). 
‡ The n and % in these four rows sum to the top row (categories are complete and mutually exclusive). 
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Table 3. Prevalence of type-specific HPV infection by anatomic site or specimen, HPV Detection 
in Asymptomatic Men study  

 

Infection at 
any site 
N = 463 

Penile shaft 
N = 449 

Glans / corona 
N = 444 

Scrotum 
N = 441 

 n % n % n % n % 
Any HPV 303 65.4 224 49.9 159 35.8 151 34.2
Oncogenic types  

16 53 11.4 41 9.1 18 4.1 22 5.0
18 9 1.9 4 0.9 3 0.7 1 0.2
31 8 1.7 5 1.1 6 1.4 4 0.9
33 1 0.2 0 0.0 1 0.2 0 0.0
35 4 0.9 3 0.7 2 0.5 2 0.5
39 21 4.5 16 3.6 8 1.8 6 1.4
45 10 2.2 6 1.4 4 0.9 3 0.7
51 28 6.0 21 4.7 17 3.9 13 3.0
52 23 5.0 16 3.6 9 2.0 9 2.1
56 7 1.5 2 0.5 2 0.5 0 0.0
58 3 0.6 3 0.7 0 0.0 1 0.2
59 21 4.5 14 3.2 13 2.9 11 2.5
66 10 2.2 5 1.1 5 1.1 0 0.0

Nononcogenic types  
6 22 4.8 15 3.4 6 1.4 8 1.8
11 2 0.4 2 0.5 0 0.0 0 0.0
26 2 0.4 1 0.2 1 0.2 0 0.0
40 4 0.9 2 0.4 2 0.5 0 0.0
42 13 2.8 8 1.8 8 1.8 3 0.7
53 20 4.3 17 3.8 11 2.5 7 1.6
54 10 2.2 6 1.4 4 0.9 2 0.5
55 15 3.2 10 2.3 8 1.8 5 1.1
61 14 3.0 10 2.3 7 1.6 3 0.7
62 32 6.9 22 5.0 16 3.6 12 2.7
64 1 0.2 0 0.0 1 0.2 0 0.0
67 10 2.2 5 1.1 6 1.4 1 0.2
68 20 4.3 8 1.8 6 1.4 11 2.5
69 1 0.2 1 0.2 0 0.0 0 0.0
70 1 0.2 0 0.0 0 0.0 0 0.0
71 1 0.2 1 0.2 1 0.2 0 0.0
72 6 1.3 4 0.9 2 0.5 2 0.5
73 11 2.4 10 2.3 8 1.8 1 0.2
81 9 1.9 4 0.9 5 1.1 1 0.2
82 3 0.6 2 0.5 2 0.5 0 0.0
83 11 2.4 8 1.8 7 1.6 2 0.5
84 49 10.6 36 8.1 26 5.9 15 3.4
CP6108 41 8.9 30 6.7 19 4.3 21 4.8
IS39 0 0.0 0 0.0 0 0.0 0 0.0

N is number of adequate samples: β-globin or HPV positive by PCR, genotyping, or both 
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Due to infection with multiple HPV types, the percent of infections exceeds 100%. 
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Table 3, continued. 

 
Perianal area 

N = 436 
Anal canal 

N = 386 
Urethra 
N = 278 

Semen 
N = 337 

 n % n % n % n % 
Any HPV 87 20.0 68 17.6 28 10.1 18 5.3 
Oncogenic types  

16 8 1.8 6 1.5 3 1.1 5 1.5 
18 2 0.5 4 1.0 0 0.0 0 0.0 
31 1 0.2 1 0.3 0 0.0 0 0.0 
33 0 0.0 0 0.0 0 0.0 0 0.0 
35 0 0.0 1 0.3 0 0.0 1 0.3 
39 0 0.0 1 0.3 0 0.0 0 0.0 
45 1 0.2 1 0.3 1 0.4 0 0.0 
51 3 0.7 1 0.3 0 0.0 1 0.3 
52 1 0.2 2 0.5 2 0.7 3 0.9 
56 1 0.2 0 0.0 2 0.7 0 0.0 
58 0 0.0 0 0.0 0 0.0 0 0.0 
59 3 0.7 2 0.5 2 0.7 3 0.9 
66 2 0.5 2 0.5 0 0.0 0 0.0 

Nononcogenic types  
6 1 0.2 3 0.8 2 0.7 0 0.0 
11 0 0.0 0 0.0 0 0.0 0 0.0 
26 0 0.0 0 0.0 1 0.4 0 0.0 
40 0 0.0 0 0.0 0 0.0 0 0.0 
42 1 0.2 1 0.3 0 0.0 0 0.0 
53 3 0.7 1 0.3 1 0.4 0 0.0 
54 1 0.2 1 0.3 1 0.4 0 0.0 
55 3 0.7 2 0.5 1 0.4 0 0.0 
61 3 0.7 1 0.3 1 0.4 0 0.0 
62 4 0.9 3 0.8 2 0.7 1 0.3 
64 0 0.0 0 0.0 0 0.0 0 0.0 
67 2 0.5 3 0.8 2 0.7 0 0.0 
68 9 2.1 5 1.3 3 1.1 0 0.0 
69 0 0.0 0 0.0 0 0.0 0 0.0 
70 1 0.2 1 0.3 0 0.0 0 0.0 
71 0 0.0 0 0.0 0 0.0 0 0.0 
72 1 0.2 0 0.0 0 0.0 0 0.0 
73 0 0.0 1 0.3 0 0.0 0 0.0 
81 2 0.5 1 0.3 1 0.4 0 0.0 
82 0 0.0 0 0.0 0 0.0 0 0.0 
83 0 0.0 0 0.0 0 0.0 0 0.0 
84 3 0.7 5 1.3 0 0.0 3 0.9 
CP6108 8 1.8 6 1.5 4 1.4 2 0.6 
IS39 0 0.0 0 0.0 0 0.0 0 0.0 

N is number of adequate samples: β-globin or HPV positive by PCR, genotyping, or both 
Due to infection with multiple HPV types, the percent of infections exceeds 100%. 
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Table 3, continued.  
 

Any site Penile shaft 
Glans / 
corona Scrotum 

Perianal 
area Anal canal Urethra Semen 

 n % n % n % n % n % n % n % n % 
Other / 
unclassified* 66 14.3 41 9.1 22 5.0 38 8.6 40 9.2 29 7.5 3 1.1 2 0.6
Multiple 127 27.4 84 18.7 57 12.8 32 7.3 12 2.8 8 2.1 2 0.7 3 0.9

2 types 58 12.5 41 9.1 35 7.9 20 4.5 9 2.1 5 1.3 1 0.3 3 0.9
3 types 36 7.8 27 6.0 10 2.3 8 1.8 2 0.5 1 0.3 0 0.0 0 0.0
4 types 17 3.7 8 1.8 7 1.6 2 0.5 0 0.0 0 0.0 1 0.3 0 0.0
5 types 8 1.7 5 1.1 4 0.9 1 0.2 0 0.0 1 0.3 0 0.0 0 0.0
6 types 5 1.1 2 0.4 1 0.2 1 0.2 1 0.2 1 0.3 0 0.0 0 0.0
> 7 types 3 0.6 1 0.2 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

* HPV positive by PCR but not by genotyping 
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Table 4, Proportion of specific oncogenic and non-oncogenic HPV types by site or specimen, among samples with HPV 
infection, HPV Detection in Asymptomatic Men study  
 Site of sample 
 Penile shaft 

N = 218 
Glans / 
corona  

N = 157 

Scrotum 
N = 148 

Perianal 
area 

N = 85 

Anal 
canal 

N = 67 

Urethra 
N = 27 

Semen 
N = 18 

 N (%) N (%) N (%) N (%) N (%) N (%) N (%) 
 
Oncogenic 

 
98 (45.0) 

 
65 (41.4) 

 
57 (38.5) 

 
18 (21.2)†

 
17 (25.4)†

 
10 (37.0)

 
11 (61.1)

16 40 (18.4) 18 (11.5) 20 (13.5) 8 (9.4) 6 (9.0) 3 (11.1) 5 (27.8)
18 4 (1.8) 3 (1.9) 1 (0.7) 2 (2.4) 4 (6.0) 0 0 
51 21 (9.6) 17 (10.8) 13 (8.8) 3 (3.5) 1 (1.5)* 0 1 (5.6) 
52 16 (7.3) 9 (5.7) 9 (6.1) 1 (1.2)* 2 (3.0) 2 (7.4) 3 (16.7)

        
Non-
oncogenic 

140 (64.2) 93 (66.2) 76 (51.4)* 35 (41.2)c 28 (41.8)† 17 (63.0) 6 (33.3)†

6 15 (6.9) 6 (3.8) 8 (5.4) 1 (1.2) * 3 (4.5) 2 (7.4) 0 
11 2 (0.9) 0 0 0 0 0 0 
62 22 (10.1) 16 (10.2) 12 (8.1) 4 (4.7) 3 (4.5) 2 (7.4) 1 (5.6) 
84 36 (16.5) 26 (16.6) 15 (10.1) 3 (3.5)† 5 (7.5) 0* 3 (16.7)
CP6108 28 (12.8) 18 (11.5) 19 (12.8) 8 (9.4) 6 (9.0) 4 (14.8) 2 (11.1)

        
Other type / 
unclassified 

41 (18.8) 22 (14.0) 37 (25.0) 41 (48.2)‡ 29 (43.3)‡ 3 (11.1) 2 (11.1)

        
Multiple 84 (38.5) 57 (36.3) 32 (21.6)‡ 12 (14.1)‡ 8 (11.9)‡ 2 (7.4)† 3 (16.7)
N listed in column headers are those samples that were HPV positive and β-globin positive by genotyping 
*  test of difference from shaft proportion, p < 0.05 
†  test of difference from shaft proportion, p < 0.01 
‡  test of difference from shaft proportion, p < 0.001 
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APPENDIX B: RISK FACTORS FOR ANOGENITAL HUMAN PAPILLOMAVIRUS 

INFECTION IN ASYMPTOMATIC MEN 
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ABSTRACT 

Introduction: Sexually transmitted anogenital human papillomavirus (HPV) infection is 

strongly associated with cervical and other anogenital cancers. Identification of risk 

factors for carrying HPV among asymptomatic men may lead to a better understanding of 

HPV transmission and prevention. 

Methods: HPV testing by PCR and reverse line blot genotyping for 37 types was 

conducted in 463 men ages 18-40 recruited from the general population in Arizona and 

Florida. The glans/corona, penile shaft, scrotum, urethra, perianal area, anal canal, and 

semen were sampled. A self-administered demographic, health, and sexual history and 

behavior questionnaire was given. Multivariate logistic regression was used to identify 

independent risk factors for any HPV type, oncogenic HPV, and non-oncogenic HPV. 

Results: Independent risk factors differed by category of HPV outcome. Factors 

significantly associated with any HPV were currently smoking 10 or more cigarettes per 

day (OR: 2.3, CI: 1.0-5.3) and lifetime number of female sex partners (OR: 2.5 for > 21 

vs 1-5, CI: 1.3-4.6). Factors associated with oncogenic HPV were lifetime number of 

female sex partners (OR: 7.4 for > 21 vs 1-5, CI: 3.4-16.3) and condom use during 

vaginal sex in the past three months (OR: 0.5 for at least half the time vs less than half the 

time, CI: 0.3-0.8). The only factor significantly associated with non-oncogenic HPV was 

different female partners in the past three months (OR: 2.9 for > 2 vs none, CI: 1.4-6.3). 

Current HPV infection was not associated with demographic variables or with a history 

of other sexually transmitted diseases. 
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Conclusions: Lifetime and recent number of sexual partners, condom use, and smoking 

were the most important modifiable risk factors associated with HPV infection in men.  

 

 

Key words: HPV, men, risk factor, condom, smoking 
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INTRODUCTION 

Human papillomavirus (HPV) is the most common sexually transmitted infection and is 

the necessary cause of cervical cancer. An estimated 6.2 million people in the United 

States acquired a genital HPV infection in 2000 [1]. Approximately 60 HPV genotypes 

are known to infect the genital tract, 13 which are considered “high risk” or oncogenic [2, 

3]. Although infection is most often asymptomatic and transient, oncogenic genotypes of 

HPV are strongly associated with cervical cancer and are associated to varying degrees 

with other anogenital cancers in both men and women [4]. Non-oncogenic HPV types 

cause genital warts and other benign lesions [5].  

Reported factors associated with prevalent HPV infection in men include sexual 

behavior and history factors, circumcision status, lack of condom use, history of other 

sexually transmitted infections, race and ethnicity, and education level. The strength and 

significance of the reported associations vary across populations under examination and 

whether the outcome is all HPV types, oncogenic types, or non-oncogenic types.  

The most consistently significant risk factor for male HPV infection is a greater 

lifetime number of sexual partners [6-11]. Less consistently reported is recent number of 

sexual partners [6, 10]. Increasing numbers of partners both during and before marriage 

were associated with increased prevalence, for example, from 5.0% among those with 

one partner before marriage to 22.0% among those with 21 or more partners before 

marriage [6]. The same study found that wives’ lifetime number of sex partners was also 

positively associated with HPV prevalence [6].  
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Most studies that have evaluated the association between circumcision and HPV 

prevalence demonstrated a lower prevalence of HPV in circumcised men [9, 10, 12-16]. 

Although most studies have found no association between age and HPV infection, 

two studies have found younger age (e.g., 18-24 years old vs 35 or older) to be associated 

with both oncogenic and non-oncogenic HPV infection [10, 16]. Age at first sexual 

intercourse was also often evaluated [6-9, 13]; however, only one study showed an 

increasing trend in HPV prevalence associated with younger age at first intercourse [6]. 

When condom use was evaluated in HPV prevalence studies in men, use was 

usually not associated with HPV detection [7-9, 11, 13, 14]. However, we previously 

reported an approximately 60% lower adjusted odds of any HPV type and 80% lower 

adjusted odds of oncogenic HPV detection with always vs never using condoms in the 

past three months [13]. Similarly, in another study, lower prevalence of HPV was found 

for those who always used condoms (20.7%), compared to those who never used 

condoms (26.1%) [8]. A recent study found significantly lower adjusted odds of HPV 

detection in men who used condoms with both regular partners and with sex workers 

[16]. 

A history of other sexually transmitted infections (STI) or concurrent symptoms 

or diagnosis of an STI have been associated with HPV prevalence in some studies [8]. 

Having antibodies to chlamydia increased the likelihood of detecting HPV [6]; having a 

history of genital warts increased the likelihood of non-oncogenic HPV detection [10]; 

and having concurrent warts increased the likelihood of HPV detection [13, 17]. 
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Racial, ethnic and other sociodemographic variables rarely differed significantly 

between HPV positive and negative men. However, a previous study from our group 

found that Hispanic men were more likely to be HPV positive, as were those men with 

less than a college education [17]. 

Smoking has been evaluated in five studies of HPV prevalence in men, and most 

have found no association. Measures included cigarettes smoked per day and years of 

cigarette smoking [8] or being a former or current smoker as compared to never having 

smoked [7, 9, 14, 16]. One study found a higher prevalence of HPV in current smokers 

(60.9%) than in never smokers (36.4%) [8], and another found a 2-fold higher adjusted 

odds of detecting HPV in current and former smokers [16].  

Two prospective studies of HPV in men have reported factors associated with 

HPV acquisition and persistence. Risk factors for acquisition included anal intercourse 

with men and having had at least three sexual partners, while protective factors were high 

socioeconomic status and condom use [9, 18]. Both studies reported that having multiple 

HPV type infections at baseline was a risk factor for persistent infection, and Lajous et al. 

reported a protective effect of circumcision on persistence [9, 18]. In one prospective 

study, smoking was associated with HPV persistence in men but was not determined to 

be an independent risk factor [19]. 

The current study was conducted to determine the frequency of genital HPV 

infection in asymptomatic men. The presence of HPV DNA was determined at several 

anogenital anatomic sites and in semen. We then sought to determine behavioral and 

health factors associated with HPV detection. 
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SUBJECTS, MATERIALS, AND METHODS 

Study design, clinical sampling, and HPV testing have been previously described in detail 

[ref Nielson et al. 2006a]. Briefly, a cross-sectional study of human papillomavirus 

(HPV) infection in 463 men was completed. Men were eligible if they 1) were between 

18 and 40 years old, 2) had had sexual intercourse with a woman within the past year, 3) 

had 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 (STD).  

All participants gave informed consent, and all procedures were approved by the 

University of Arizona Human Subjects Protection Program, Centers for Disease Control 

and Prevention Institutional Review Board, United States Department of Defense, and the 

University of South Florida Institutional Review Board. 

Men collected a semen sample by masturbation 12 to 36 hours before the clinical 

visit. The study clinician examined each participant’s genital, abdominal, and anal areas 

and recorded the number and location of any lesions or warts. Lesions were sampled by 

rubbing with a saline-wetted Dacron swab. The clinician also recorded the presence and 

location of any erythema, abrasions, rashes, inflammation, discharge, or piercings in the 

same regions and whether the participant was circumcised.  The study clinician used a 

calcium alginate or Dacron urethral swab to sample the first 2 cm of the urethral 

epithelium. The clinician sampled the other anogenital sites by rubbing separate saline-

wetted Dacron swabs to sample the entire surface of the 1) glans penis/coronal sulcus, 2) 
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penile shaft (including prepuce, if present), 3) scrotum, and 4) perianal area. The anal 

canal up to the anal verge was sampled with another saline-wetted Dacron swab. The 

urethral sample was optional. In addition, the urethral and semen samples were 

eliminated in the third year of the study.  

  HPV DNA detection and genotyping. HPV testing of swabbed cellular material 

and semen was conducted using polymerase chain reaction (PCR) for amplification of a 

fragment of the L1 gene [20]. HPV genotyping was conducted using the reverse line blot 

method [21] on all samples, regardless of HPV PCR result. This detection method utilizes 

the HPV L1 consensus PCR products labeled with biotin to detect 37 HPV types. A trend 

of increasing prevalence was observed over the first half of the laboratory analysis period 

and is attributed to improvements in laboratory methods. This time trend was adjusted for 

in the statistical analyses.  

  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 [3]. The 

non-oncogenic types detected with the line blot methodology of Roche are 6, 11, 26, 40, 

42, 53, 54, 55, 61, 62, 64, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, IS39, and CP6108. 

The presence of any HPV DNA was defined as a positive result by PCR or by 

genotyping. The absence of any HPV DNA was defined as a negative result by PCR and 

genotyping in a sample positive for human β-globin. Samples without detection of β-

globin or HPV were deemed inadequate for evaluation and treated as missing. If the 

sample was positive for HPV by PCR but none of the 37 types was found in genotyping, 

the HPV type was classified as “other or unknown”. 
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  A man was classified as having oncogenic infection if any of his samples 

contained one of the 13 oncogenic types, regardless of whether a non-oncogenic type was 

also present. He was considered to have a non-oncogenic infection if any of his samples 

was positive for one or more non-oncogenic types only or an unclassified type. The 

comparison group for all analyses was men who had no HPV detected at any site. 

  Statistical analysis. The frequencies and means of the responses to the 

questionnaire items and the results from the clinical examination were calculated. These 

calculations were compared between men who had no HPV infection at any site or 

specimen and those who had at least one positive HPV result. A t test was used to 

compare continuous measures and a χ2 test for categorical variables, with a p for trend 

calculated for those categories that were ordinal.  

  Logistic regression was used to model the association of various reported or 

hypothesized risk factors on the outcomes of 1) any HPV infection at any site, 2) an 

oncogenic HPV infection at any site (regardless of whether they also had a non-

oncogenic infection), and 3) non-oncogenic HPV infection at any site (including men 

who only had non-oncogenic infection and those who had “unknown or other” HPV 

types). Odds ratios were first calculated using logistic regression for each potential risk 

factor, adjusting for date of laboratory analysis. Next, independent factors were 

determined by calculating adjusted odds ratios using backward selection logistic 

regression modeling, starting with the factors that had statistically significant (p < 0.05) 

odds ratios in the previous step.  
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  To ensure that two or more variables were not included in a single multivariate 

model so as to cause multicollinearity [22], the variance inflation factors (VIF) were 

calculated for all variables in each of the three candidate multivariate models. A single 

VIF of 10 or greater or a mean VIF of 6 or greater of all variables in a model was the 

criterion used for multicollinearity [23]. No variables in the models presented here 

reached this criterion. 

  Analyses were conducted using Intercooled Stata 9.1 for Windows (StataCorp; 

College Station, TX). 

 

RESULTS 

Results of recruitment and the sample’s demographic characteristics were previously 

described [ref Nielson 2006a]. Briefly, 359 men in Tucson, Arizona, and 104 men in 

Tampa, Florida, contributed anogenital samples and semen for HPV detection (total N = 

463). Men were between 18 and 40 years old, with 49.9% under age 25 years, most 

(70.6%) being single, and 73.7% having had at least some college education. Seventy 

percent were white, 17.1% were Hispanic, and other racial groups were represented by 

fewer than 10% of study participants. Between 83.7% and 99.7% of the samples, 

depending on the anatomic site or specimen sampled, were β-globin positive by PCR 

and/or genotyping.  

  Three hundred three (65.4%) men were positive for any type of HPV infection, 

135 (29.2%) men were positive for at least one oncogenic HPV type, and 168 (36.3%) 
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were positive only for a non-oncogenic or unclassified type. One hundred sixty (34.6%) 

men had no HPV detected at any site. 

   Factors associated with any HPV type, oncogenic HPV, and non-oncogenic HPV 

at any site in bivariate analyses are presented in Tables 1-3. Notably, no 

sociodemographic characteristic was associated with HPV status (Table 1).  

  As shown in Table 2, being a current smoker was associated with the detection of 

any HPV (OR: 1.8, CI: 1.1-3.1) and of oncogenic HPV (OR: 2.1, CI: 1.2-3.9). A similar 

magnitude of association was observed for detection of non-oncogenic HPV (OR: 1.6, 

CI: 0.9-2.8), although the association was not statistically significant. A stronger 

association was observed between currently smoking 10 or more cigarettes per day 

(compared to smoking 0-9 cigarettes per day) and each of the three HPV outcomes: 

detection of any HPV (OR: 3.0, CI: 1.4-6.4), oncogenic HPV (OR: 3.7, CI: 1.6-8.5), and 

non-oncogenic HPV (OR: 2.4, CI: 1.1-5.6) (Table 2). 

  Table 2 also shows that, in bivariate analyses, several sexual history and behavior 

variables were associated with HPV detection. Factors statistically significantly 

associated with any HPV infection were increasing lifetime number of female sexual 

partners (ptrend < 0.001), such that men who had any HPV detected were 2.8 times as 

likely to have had at least 21 partners as to have had 1-5 partners (CI: 1.5-4.9); different 

female partners in the past three months (OR: 2.5 for > 2 partners vs no partners, CI: 1.3-

4.7); and increased frequency of intercourse in the past month (ptrend = 0.04; OR: 1.6 for 

1-10 times vs none, CI: 1.0-2.5; OR: 1.8 for 11 or more times vs none, CI: 1.0-3.1) and in 

the past three months (OR: 2.2 for 26 or more times vs none, CI: 1.1-4.5). 
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  Sexual history and behavior factors that were associated with oncogenic HPV in 

bivariate analyses were similar to those associated with any HPV type but also included 

condom use within the past three months (Table 2). Having oncogenic HPV detected was 

associated with more lifetime number of female partners (ptrend < 0.001; e.g., OR: 5.3 for 

> 21 partners versus 1-5 partners, CI: 2.6-10.6); a greater number of different female 

partners in the past three months (OR: 2.8 for > 2 partners vs no partners, CI: 1.1-4.7); 

and a higher frequency of intercourse in the past month (OR: 2.0 for 11 or more times vs 

none, CI: 1.1-3.9) and in the past three months (OR: 3.1 for 26 or more times vs none, CI: 

1.3-7.3). Never using condoms or using them less than half the time was associated with 

a greater odds of HPV detection (OR: 2.9 for never vs always use, CI: 1.4-6.1). 

  Table 3 shows the association between HPV detection and STD history, current 

genital warts, and partners’ history of STD or abnormal Pap smear. No prior STD 

infection was associated with current HPV detection. Current presence of genital warts 

was, however, associated with any HPV (OR: 4.5, CI: 1.0-20.0) and oncogenic HPV 

(OR: 6.7, CI: 1.4-31.3). Also, having had a female partner with an abnormal Pap smear 

was statistically significantly associated with having oncogenic HPV detected (OR 2.2, 

CI: 1.1-4.1). 

  Multivariate logistic regression modeling revealed that the set of variables that 

best explained the HPV outcome differed by HPV categories examined (Table 4). Factors 

independently associated with any HPV were currently smoking ten or more cigarettes 

per day (AOR: 2.3, 95% CI: 1.0-5.3, p = 0.046) and a greater lifetime number of female 

sex partners (AOR: 2.5 for > 21 partners vs 1-5 partners, CI: 1.3-4.6). The factors 



  136 

independently associated with oncogenic HPV were lifetime number of female sex 

partners (AOR: 7.4 for > 21 partners vs 1-5 partners, CI: 3.4-16.3) and using condoms 

during vaginal sex at least half the time within the past three months (AOR: 0.5, CI: 0.3-

0.8). The factor independently associated with non-oncogenic HPV infection was having 

two or more different female partners in the past three months (vs none) (AOR: 2.9, CI: 

1.4-6.3). 

 

DISCUSSION 

The results of the current study are notable for 1) their basis in testing for 37 HPV types 

in a comprehensive set of anogenital samples among asymptomatic men recruited from 

the general population, 2) the identification of heavy smoking (>10 cigarettes per day) as 

a probable risk factor for current HPV infection, and 3) the recognition of condom use as 

protective. We also identified greater lifetime number of sexual partners and different sex 

partners in the past 3 months as independently associated with HPV detection.  

Smoking was recently identified as a risk factor for HPV detection in men [16], 

and it has been reported to be associated with persistence of HPV infection and with anal 

and penile cancer in men. Kruger-Kjaer et al. noted that current smoking, along with 

having multiple or high-risk HPV types at enrollment were the most important risk 

factors for HPV persistence in men [19]. In two case-control studies, penile cancer cases 

were 4.5 times more likely to be smokers than were controls (CI: 2.0-10.1) [24], and anal 

cancer cases were 3.9 times as likely to be smokers (CI: 1.9-8.0) [25]. In another case-

control study, genital warts cases were 1.9 times more likely than controls to smoke 11 or 
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more cigarettes per day (CI: 1.0-2.3) (vs not smoking) [26]. Smoking among men has 

also been associated with their wives’ cervical cancer risk in a case-control study: after 

adjustment for the wife's pack-years of smoking and other factors, the husband's smoking 

was moderately associated with cervical cancer (adjusted OR: 2.5 for > 26.2 pack-years 

vs none, CI: 1.4-4.4) [27]. The current study showed that, adjusted for other factors, 

smoking at least 10 cigarettes per day was associated with 2.3 times higher odds of 

detection of any HPV type. Furthermore, if the lack of association between history of 

smoking and HPV holds, this would suggest another benefit of smoking prevention and 

cessation. Further study of the impact of smoking on male HPV infection, an association 

that may be important in preventing HPV-related diseases in men, is recommended. 

 The cross-sectional nature of the assessment of both exposures and HPV 

outcomes allowed us to detect associations between recent behaviors and current HPV 

detection. However, we are unable to make any claims of causality or associations with 

infection duration. Analysis of sexual behaviors, including number of partners, smoking, 

and condom use, in a longitudinal cohort study of HPV in asymptomatic men is needed to 

provide evidence of factors that are related to viral persistence and acquisition.  

Misclassification of potential risk behaviors is possible when participants fail to 

disclose accurate information about their sexual history or current practices. In order to 

limit this problem, we used a self-administered questionnaire and emphasized 

confidentiality to participants. Prior research has shown the types of questions included in 

the current study should yield fairly reliable responses. One study of men found high 

reliability (> 90% agreement) between responses to sexual activity questions reported for 
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the previous two weeks and the previous three months but not between those shorter 

periods and the previous year [28]. In another study, test-retest agreement was also strong 

for age at first intercourse (86%) and lifetime number of partners (82%) [29]. Because  

most questions included in the current study ask men to reflect on lifetime questions or 

activities in the past three months, confidence is increased for reliability of responses.  

In summary, this study has allowed the identification of associations between 

current HPV infection and current heavy smoking as well as confirmation of previously 

identified associations between HPV and lifetime and recent number of sex partners. This 

study is based on sampling of multiple anogenital sites, with the ability to detect 37 HPV 

types, among sexually active men with no symptoms of HPV infection or other STDs at 

the time of enrollment. Future longitudinal studies of HPV in men and sexual partners 

that utilize complete anogenital sampling, including the penile shaft, and that include 

detailed assessments of smoking habits and condom use to determine their effects on 

incidence, persistence, and transmission are recommended.  
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Table 1. Association between sociodemographic characteristics and HPV status of men in the HPV Detection in Asymptomatic Men study 
 Any type HPV (N = 463) Oncogenic HPV (N = 295) Non-oncogenic HPV (N = 328)
 HPV+ (%) OR* (95% CI) HPV+ (%) OR* (95% CI) HPV+ (%) OR* (95% CI) 
Residence          

Tucson, Arizona 228 (63.5) ref  101 (28.1) ref  127 (35.4) ref  
Tampa, Florida 
 

75 (72.1) 1.2 (0.7-2.0) 34 (32.7) 1.1 (0.6-2.0) 41 (39.4) 1.3 (0.7-2.3)

Age

icity

          
18-19 33 (66.0) ref  11 (22.0) ref  22 (44.0) ref  
20-24 113 (62.4) 0.8 (0.4-1.6) 52 (28.7) 1.1 (0.5-2.7) 61 (33.7) 0.7 (0.3-1.4)
25-29 64 (71.1) 1.2 (0.6-2.6) 28 (31.1) 1.6 (0.6-4.0) 36 (40.0) 1.0 (0.5-2.3)
30-34 44 (69.8) 1.2 (0.5-2.7) 20 (31.8) 1.6 (0.6-4.4) 24 (38.1) 1.0 (0.4-2.3)
35-40 49 (62.0) 0.8 (0.4-1.7) 24 (30.4) 1.2 (0.5-3.0) 25 (31.7) 0.6 (0.3-1.4)

χ2 trend 
 

  p = 0.879   p = 0.529   p = 0.759 

Race          
White 210 (64.8) ref  89 (27.5) ref  121 (37.4) ref  
Black 20 (60.6) 0.8 (0.4-1.6) 10 (30.3) 0.9 (0.4-2.1) 10 (30.3) 0.7 (0.3-1.6)
Asian/Pacific Islander 11 (57.9) 0.7 (0.4-1.6) 3 (15.8) 0.4 (0.1-1.6) 8 (42.1) 0.9 (0.3-2.4)
American Indian/Alaska 
Native 

5 (55.6) 0.7 (0.2-2.6) 4 (44.4) 1.3 (0.3-5.6) 1 (11.1) 0.2 (0.0-2.2)

Other/unknown 
 

57 (73.1) 1.4 (0.8-2.5) 29 (37.2) 1.7 (0.9-3.2) 28 (35.9) 1.2 (0.7-2.3)

Ethn           
Non-Hispanic 240 (63.8) ref  103 (27.4) ref  137 (36.4) ref  
Hispanic 
 

56 (70.9) 1.3 (0.8-2.3) 29 (36.7) 1.6 (0.9-3.0) 27 (34.2) 1.1 (0.6-2.1)

Marital status          
Single, never married 220 (67.3) ref  100 (30.6) ref  120 (36.7) ref  
Married 36 (61.0) 0.8 (0.4-1.4) 12 (20.3) 0.6 (0.3-1.3) 24 (40.7) 1.0 (0.5-1.8)
Cohabiting 17 (58.6) 0.8 (0.3-1.7) 8 (27.6) 0.8 (0.3-2.1) 9 (31.0) 0.7 (0.3-1.8)
Divorced/separated 
 

25 (71.4) 1.4 (0.6-3.0) 13 (37.1) 1.7 (0.7-4.0) 12 (34.3) 1.2 (0.5-2.8)

Education           
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Less than 12 years 15 (65.2) ref  6 (26.1) ref  9 (39.1) ref  
High school graduate 63 (67.0) 1.1 (0.4-2.9) 27 (28.7) 1.2 (0.4-3.9) 36 (38.3) 1.0 (0.3-3.0)
13-16 years 161 (67.1) 1.1 (0.4-2.6) 72 (30.0) 1.2 (0.4-3.6) 89 (37.1) 1.0 (0.4-2.7)
17 years or more 59 (58.4) 0.7 (0.3-1.9) 27 (26.7) 0.9 (0.3-2.8) 32 (31.7) 0.7 (0.2-1.9)

χ2 trend   p = 0.255   p = 0.607   p = 0.750 
n varies due to missing data. ref: reference category, OR: odds ratio, CI: confidence interval. * adjusted for date of laboratory analysis.  
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Table 2. Association between HPV status and sexual and health behaviors of men in the HPV Detection in Asymptomatic Men study 
 Any type HPV (N = 463) Oncogenic HPV (N = 295) Non-oncogenic HPV (N = 328)
 HPV+ (%) OR* (95% CI) HPV+ (%) OR* (95% CI) HPV+ (%) OR* (95% CI) 
Smoker          

Never 164 (62.4) ref  71 (27.0) ref  93 (35.4) ref  
Former 55 (63.2) 1.1 (0.6-1.8) 23 (26.4) 1.1 (0.6-2.0) 32 (36.8) 1.1 (0.6-1.9)
Current 
 

77 (74.0) 1.8 (1.1-3.1) 38 (36.5) 2.1 (1.2-3.9) 39 (37.5) 1.6 (0.9-2.8)

Cigarettes currently 
smoked per day 

         

0-9  255 (63.1) ref  111 (27.5) ref  144 (35.6) ref  
10 or more  
 

42 (82.4) 3.0 (1.4-6.4) 22 (43.1) 3.7 (1.6-8.5) 20 (39.2) 2.4 (1.1-5.6)

Circumcised (clinician 
assessed) 

         

No 49 (66.2) ref  23 (31.1) ref  26 (35.1) ref  
Yes 254 (65.3) 1.0 (0.6-1.7) 112 (28.8) 0.9 (0.5-1.8) 142 (36.5) 1.0 (0.6-1.9)

Age at first sexual 
intercourse 

         

Under 18 years 194 (67.8) ref  91 (31.8) ref  103 (36.0) ref  
18 years or older 109 (61.6) 0.8 (0.5-1.1) 44 (24.9) 0.7 (0.4-1.1) 65 (36.7) 0.9 (0.5-1.3)

Lifetime number of female 
partners 

         

1-5 83 (52.5) ref  26 (16.5) ref  57 (36.1) ref  
6-10 63 (68.5) 1.9 (1.1-3.2) 27 (29.4) 2.5 (1.3-5.1) 36 (39.1) 1.6 (0.9-2.9)
11-20 76 (72.4) 2.4 (1.4-4.2) 35 (33.3) 3.7 (1.9-7.2) 41 (39.1) 1.9 (1.1-3.5)
21 or more 66 (75.9) 2.8 (1.5-4.9) 40 (46.0) 5.3 (2.6-10.6) 26 (29.9) 1.6 (0.8-3.1)

χ2 trend 
 

  p < 0.001   p < 0.001   p = 0.044 

Different female partners 
in the past 3 months 

         

None 33 (54.1) ref  14 (23.0) ref  19 (31.2) ref  
1 175 (63.9) 1.5 (0.9-2.7) 76 (27.7) 1.6 (0.8-3.3) 99 (36.1) 1.5 (0.8-2.9)
2 or more 95 (74.2) 2.5 (1.3-4.7) 45 (35.2) 2.8 (1.1-4.7) 50 (39.1) 2.3 (1.1-4.7)
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χ2 trend 
 

  p = 0.005   p = 0.007   p = 0.025 

New female partner in the 
past 3 months 

         

No 170 (63.0) ref  76 (28.2) ref  94 (34.8) ref  
Yes 
 

133 (68.9) 1.3 (0.9-1.9) 59 (30.6) 1.2 (0.8-2.0) 74 (38.3) 1.3 (0.8-2.0)

Frequency of sexual 
intercourse in the past 
month 

         

None 70 (56.9) ref  31 (25.2) ref  39 (31.7) ref  
1-10 times 159 (67.7) 1.6 (1.0-2.5) 66 (28.1) 1.5 (0.9-2.6) 93 (39.6) 1.7 (1.0-2.8)
11 or more 74 (70.5) 1.8 (1.0-3.1) 38 (36.2) 2.0 (1.1-3.9) 36 (34.3) 1.5 (0.8-2.9)

χ2 trend 
 

  p = 0.037   p = 0.029   p = 0.134 

Frequency of sexual 
intercourse in the past 3 
months 

         

None 29 (54.7) ref  11 (20.8) ref  18 (34.0) ref  
1-25 times 180 (65.0) 1.5 (0.8-2.8) 76 (27.4) 1.7 (0.8-3.7) 104 (37.6) 1.4 (0.7-2.8)
26 or more 78 (72.9) 2.2 (1.1-4.5) 41 (38.3) 3.1 (1.3-7.3) 37 (34.6) 1.7 (0.8-3.7)

χ2 trend 
 

  p = 0.023   p = 0.005   p = 0.200 

Condom use with vaginal 
sex in the past 3 months 

         

Less than half the time 154 (69.7) ref  84 (55.6) ref  43 (46.7) ref  
At least half the time 
 

119 (63.6) 0.7 (0.5-1.1) 39 (36.5) 0.4 (0.3-0.7) 18 (31.6) 1.1 (0.7-1.8)

Ever had anal sex with a 
man 

         

No 165 (70.5) ref  82 (35.0) ref  83 (23.5) ref  
Yes 
 

13 (81.3) 1.8 (0.5-6.6) 5 (31.3) 1.4 (0.3-6.1) 8 (43.8) 2.2 (0.6-8.7)

Ever paid a woman for sex          
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No 161 (71.6) ref  81 (36.0) ref  80 (35.6) ref  
Yes 17 (68.0) 0.8 (0.3-2.1) 7 (28.0) 0.7 (0.2-2.0) 10 (40.0) 1.0 (0.4-2.7)

n varies due to missing data. ref: reference category, OR: odds ratio, CI: confidence interval. * adjusted for date of laboratory analysis. 
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Table 3. Association between HPV status and history of sexually transmitted infection in the HPV Detection in Asymptomatic Men study 
 Any type HPV (N = 463) Oncogenic HPV (N = 295) Non-oncogenic HPV (N = 328)
 HPV+ (%) OR* (95% CI) HPV+ (%) OR* (95% CI) HPV+ (%) OR* (95% CI) 
Ever diagnosed with any 
STD** 

64 (66.7) 1.1 (0.7-1.7) 30 (31.3) 1.1 (0.6-2.0) 34 (35.4) 1.0 (0.6-1.7) 

Chlamydia** 28 (70.0) 1.1 (0.6-2.3) 12 (30.0) 1.1 (0.5-2.5) 16 (40.0) 1.2 (0.5-2.6) 
Gonorrhea** 11 (91.7) 6.4 (0.8-50.0) 5 (41.7) 6.2 (0.7-54.5) 6 (50.0) 6.5 (0.8-54.8) 
Herpes** 4 (66.7) 1.0 (0.2-5.9) 2 (33.3) 1.2 (0.2-8.7) 2 (33.3) 0.9 (0.1-6.9) 
Non-gonococcal 
urethritis** 
 

38 (67.9) 1.2 (0.6-2.1) 18 (32.1) 1.3 (0.6-2.6) 20 (35.7) 1.1 (0.5-2.1) 

Genital wart(s) found 
during clinic visit** 
 

16 (88.9) 4.5 (1.0-20.0) 10 (55.6) 6.7 (1.4-31.3) 6 (33.3) 3.0 (0.6-15.1) 

Ever had partner with 
genital warts 

         

No 200 (64.9) ref  84 (27.3) ref  116 (37.7) ref  
Yes 22 (62.9) 0.9 (0.4-1.8) 11 (31.4) 1.0 (0.4-2.4) 11 (31.4) 0.8 (0.3-1.8) 
Don’t know 
 

81 (68.1) 1.1 (0.7-1.7) 40 (33.6) 1.3 (0.7-2.1) 41 (34.5) 1.0 (0.6-1.6) 

Ever had partner with 
abnormal Pap smear 

         

No 100 (65.4) ref  32 (20.9) ref  68 (44.4) ref  
Yes 75 (70.1) 1.3 (0.7-2.1) 41 (38.3) 2.2 (1.1-4.1) 34 (31.8) 0.8 (0.5-1.5) 
Don’t know 128 (63.1) 0.9 (0.6-1.3) 62 (30.5) 1.3 (0.7-2.3) 66 (32.5) 0.7 (0.4-1.1) 

n varies due to missing data. ref: reference category, OR: odds ratio, CI: confidence interval. * adjusted for date of laboratory analysis.  
** “No” is reference category.
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Table 4. Independent risk factors for HPV infection among men in the HPV Detection in 
Asymptomatic Men study (adjusted OR and 95% CI) 
 Any HPV1

(N=419) 
Oncogenic HPV2

(N=240) 
Nononcogenic 

HPV3

(N=310) 
 
Smokes 10 or more 
cigarettes per day (<10 
cigarettes is reference) 
 

 
2.3 (1.0-5.3) 

 
2.2 (0.8-5.8) 

 
2.0 (0.8-4.6) 

Lifetime number of female sexual partners    
1-5 ref ref ref 
6-10 1.8 (1.0-3.1) 3.0 (1.4-6.7) 1.4 (0.7-2.6) 
11-20 2.3 (1.3-4.0) 5.2 (2.4-11.4) 1.6 (0.9-3.0) 
21 or more 
 
 

2.5 (1.3-4.6) 7.4 (3.4-16.3) 1.3 (0.7-2.7) 

Condom use with vaginal sex in the past 3 months  
Less than half the 
time 

ref ref ref 

At least half the 
time 
 

0.8 (0.5-1.2) 0.5 (0.3-0.8) 1.0 (0.6-1.6) 

Different female partners in the past 3 months  
None ref ref ref 
1 2.2 (0.6-7.8) 1.6 (0.3-8.4) 1.8 (0.9-3.6) 
2 or more 
 
 

2.8 (0.8-10.5) 2.8 (0.5-15.5) 2.9 (1.4-6.3) 

n varies due to missing data. ref: reference category, OR: odds ratio, CI: confidence interval. 
1  ORs are adjusted for date of laboratory analysis, lifetime number of female partners, and 
smoking 10 or more cigarettes per day. 
2  ORs are adjusted for date of laboratory analysis, lifetime number of female partners, and 
condom use with vaginal sex in the past three months. 
3  ORs are adjusted for date of laboratory analysis and different number of female partners in the 
past 3 months. 
ORs for other variables are included for comparison among the three outcomes. 
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ABSTRACT 

Introduction: Sexually transmitted anogenital human papillomavirus (HPV) infection is 

strongly associated with cervical and other anogenital cancers. Antibody detection 

provides a marker of previous HPV infection. Knowledge of HPV seroprevalence and 

identification of factors associated with seropositivity in men are needed to inform 

prevention efforts to reduce the incidence of HPV-related cancers. 

Methods: Serum was collected from 492 asymptomatic men ages 18 to 40 years who had 

had sex with a woman within the past year and had no history of genital warts. HPV 

testing of anogenital swab samples by PCR and reverse line blot genotyping for 37 types 

was also conducted in 463 men. A self-administered demographic, health, and sexual 

history/behavior questionnaire was given. Multivariate logistic regression was used to 

identify factors independently associated with the detection of circulating HPV-16 

antibodies. 

Results: Sixty-three (12.8%) men were positive for HPV-16 antibodies in serum, 

compared to 11.5% of men positive for HPV-16 DNA detection in anogenital swab 

samples. Increasing age and concurrent anal HPV infection were independently 

associated with seropositivity. The odds of detecting HPV-16 antibodies increased 

exponentially with age, such that, e.g., men who were 40 years old were significantly 

more likely than men who were 20 years old to be seropositive (odds ratio [OR]: 12.4, 

95% confidence interval [CI]: 5.7-27.0), after adjustment for having HPV-16 DNA 

detected at the perianal area or anal canal. Concurrent HPV-16 DNA detection at an anal 

site was associated with a significant increase in the probability of HPV-16 seropositivity 
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(OR: 6.1, CI: 1.4-26.7) after adjustment for age; however, concurrent HPV-16 DNA 

detection at genital sites was not associated with seropositivity. No lifetime or recent (in 

the past three months) sexual behaviors were independently associated with 

seropositivity. 

Conclusions: HPV-16 serostatus represents cumulative exposure to HPV-16, with odds 

of seropositivity increasing exponentially with age in men. Concurrent HPV-16 anal 

infection is more likely than HPV-16 genital infection to be associated with HPV-16 

seropositivity in men. 

 

Key words: HPV, men, antibody, risk factor, condom, circumcision 
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INTRODUCTION 

Human papillomavirus (HPV) is the most common sexually transmitted infection and is 

the necessary cause of cervical cancer. An estimated 6.2 million people in the United 

States acquired a genital HPV infection in 2000 (1). Approximately 60 HPV genotypes 

are known to infect the genital tract, 13 of which are considered “high risk” or oncogenic 

(2, 3). Although infection is most often asymptomatic and transient, oncogenic genotypes 

of HPV are strongly associated with cervical cancer and are associated with other 

anogenital cancers in both men and women to varying degrees (4). Non-oncogenic HPV 

types cause genital warts and other benign lesions (5).  

  Eleven studies published since 1990 have reported HPV-16 seroprevalence in 

men in several countries and from STD clinic, general population, and other recruiting 

sources (6-16). Seroprevalence estimates range from 0% to 52%. Studies of men 

recruited from STD clinics in the U.S. reported HPV-16 seroprevalences between 18.7% 

(7) and 48% (14).The range among the U.S. general population was 3% (9) to 30% (13). 

Thus, although the ranges of estimates from various sources overlap considerably, STD 

clinic attendees appear to have a slightly higher HPV-16 seroprevalence. 

   Several risk factors for HPV-16 seroprevalence have been noted in men. An 

association between older age (generally, considered as over 20 or 30 years of age) has 

often been reported as either a significant independent risk factor  (7, 9, 11) or as a non-

significant increase in seroprevalence (10) after adjustment for co-factors.  

    Sexual history and behavior variables have also been evaluated. Stone et al. 

reported that sexual debut before age 18 was associated with an elevated odds of HPV-16 
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seropositivity (OR: 2.5, CI: 1.7-4.0) (10). However, results from Svare et al. did not 

support this association (8). Several studies have examined lifetime (8) or recent (7, 9, 11, 

14) number of sex partners as independent seropositivity risk factors. Having had at least 

one occasional sex partner within the last year was associated with increased odds of 

HPV-16 antibody detection (OR: 1.7, CI: 1.1-2.8) (7), and greater than 50 lifetime male 

partners was significantly associated with HPV-16 antibodies (OR: 3.8, CI: 1.6-9.0) (14). 

Svare et al. reported a significant association with bisexuality (OR: 3.0; CI: 1.2-7.6) (8), 

and Stone et al. reported increased odds of antibody detection for men who reporting ever 

having sex with a man (OR: 6.1; CI: 2.7-14.0) (10). Similarly, ever having had oral sex 

with a man also increased the odds of antibody detection (OR: 2.9; 95% CI: 2.7-7.1)(12). 

   One study reported that history of “any” STD or of syphilis was associated with 

HPV seropositivity (8). Slavinsky et al. also found increased odds of HPV-16 

seropositivity in men with a history of syphilis (OR: 1.60; CI: 1.05-2.43) (11). 

   Serologic testing for IgG antibodies to HPV provides a measure of cumulative 

exposure to HPV; antibodies may indicate past infection among those who have no 

history or current signs of HPV disease. In the current study, HPV seropositivity for HPV 

type 16 was determined in 492 asymptomatic men, 463 of whom were also tested for 

HPV-16 DNA at genital and anal anatomic sites. A health and sexual behaviors 

questionnaire was self-administered. HPV-16 seroprevalence and factors associated with 

HPV-16 seropositivity were evaluated. 
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SUBJECTS, MATERIALS, AND METHODS 

A cross-sectional study of human papillomavirus (HPV) infection in 492 men was 

undertaken (see Nielson et al., 2006a). Men were eligible if they 1) were between 18 and 

40 years old, 2) had had sexual intercourse with a woman within the past year, 3) had 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.  

All participants gave informed consent, and all procedures were approved by the 

University of Arizona Human Subjects Protection Program, Centers for Disease Control 

and Prevention Institutional Review Board, United States Department of Defense, and the 

University of South Florida Institutional Review Board. 

The study clinician collected 13 ml of venous blood into a tiger-top tube 

containing serum separating gel and no anticoagulant. The blood was allowed to stand at 

room temperature for 20 to 60 minutes to clot and was then spun at 3200 RPM for 20 

minutes before aliquoting. All aliquots of serum were stored at –20˚ C until delivery to 

the analytical lab. 

  HPV serum antibodies. HPV antibody status was assessed using techniques 

previously described by Hagensee (17) and Carter (18). Antibodies against HPV types 

6/11 were detected by a combined assay and HPV 16 and 18 in individual assays at 

Louisiana State University Health Sciences Center (LSUHSC). 

  Production and purification of HPV capsids: BSC-1 cells (monkey kidney cell 

line), 20-150 mm plates, were infected with the vaccinia virus recombinant of interest at a 
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multiplicity of infection of 10. Infected cells were incubated at 37° C in Delbecco’s 

Modified Eagle’s Media (DMEM) supplemented with 5% fetal bovine serum and 

antibiotics. Adherent cells were scraped off the plates with cell lifters, collected by 

aspiration, and spun down (1,000 x g, 10 minutes, 25° C). Cells were washed once with 

PBS-D (PBS plus 0.5M MgCl2, 0.5M CaCl2) and resuspended in PBS-D + 1M NaCl. 

Cells were lysed by sonification with a Branson Sonifier 250, setting 4, for 2 minutes on 

ice. Eight ml of PBS-D  + 1M NaCl and 5.1g of cesium chloride were added to the cell 

suspension and then placed in SW40 ultracentrifuge tubes. The samples were spun at 

38,000 RPM, 25° C for 48 hours. The capsid band was visualized and extracted by 

needle. The capsids were dialyzed against 3 changes of PBS-D + 1M NaCl overnight. 

Integrity of the capsids was checked by capture ELISA using controls of positive sera 

previously determined to react only to conformationally intact capsids. As a control for 

each capsid preparation, an additional vaccinia virus recombinant-infected plate was 

collected, DNA extracted, and the type of HPV DNA contained in this recombinant 

confirmed by PCR utilizing specific HPV primer sets.  

  Capture ELISA: The amounts of monoclonal antibody and capsids used were 

predetermined utilizing positive control sera in order to maximize the signal and 

minimize the background. After this determination, the amounts of these reagents did not 

vary when the test population sera were assayed. The capture antibodies used were 

H11.B10-HPV 6 and 11, H16.V5-HPV-16, and H18.J4-HPV-18. These are monoclonal 

antibodies directed against conformational epitopes on the respective HPV types (kindly 

provided by Dr. N. Christensen, Pennsylvania State Medical Center, Hershey, PA, USA). 
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They were optimally diluted (usually 1:8000-1:10,000) in 0.1M sodium carbonate (pH 

9.5) buffer and allowed to attach overnight at room temperature to Immulon #2 ELISA 

plates (Dynatech Laboratories, Inc., Chantilly, VA). Plates were washed three times with 

PBS and then incubated with TBST (10 mM Tris, pH 8.0, 0.15 M NaCl, 0.5% Tween) 

(100 μl/well) with 10% goat serum (blocking buffer) for 1 hour at room temperature to 

block nonspecific binding. An optimal concentration of purified HPV capsids produced 

in the vaccinia-virus system (usually 1:50-1:100) was diluted in PBS, added to the plates, 

and allowed to incubate at 37° C for 1 hour. Sera were diluted 1:100 (50 μl/well) in 

blocking buffer and incubated at 37° C for 1 hour. The plates were washed, incubated 

with a 1:1000 dilution of goat anti-human IgG alkaline phosphatase conjugated antibody 

(Boehringer Mannheim, Indianapolis, IN) for 1 hour, and washed. Plates were developed 

using Sigma 104 developer (Sigma, St. Louis, MO, 43 mg/10 ml of reaction buffer: 0.1 

M sodium bicarbonate, pH 9.5, 0.01M magnesium chloride) (100 μl/well) for 30 minutes 

and the reaction stopped by the addition of 1.5N NaOH (50 μl/well). Plates were read at 

405 nm in a Microtec MLX ELISA plate reader and data fed directly into a Microsoft 

Excel spreadsheet (Microsoft Corporation, Redmond, WA).  

  Serum samples were tested with capsid in 3 wells and without capsids in 3 wells. 

The log transformation of the median of 3 wells with capsid was subtracted from the 

median of the 3 wells without capsids (17, 18). To determine the serological cutpoint we 

used a serum bank from children less than 10 years old with no prior history of any warts. 

These serum samples were individually run in our assay. The average plus two standard 

deviations was used as the cutpoint (17, 18). All samples were run in a single batch.  
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  Negative control sera for HPV assay were obtained from an existing, anonymous 

bank of sera available at the LSUHSC. Use of these sera was approved by Louisiana 

State University Protocol Detection of antibodies against human papillomavirus and by 

the institutional review board at the Children’s Hospital, where the control-sample blood 

was collected. 

  HPV-16 DNA detection. Clinical sampling and laboratory analyses for the 

detection of HPV-16 DNA at anogenital sites and in semen have been described 

previously [Nielson et al. 2006a]. 

  Statistical analysis. The cutpoint for positivity was an adjusted optical density of 

0.134. The frequencies and means of the responses to the questionnaire items and the 

results from the clinical examination were calculated. These calculations were compared 

between men who had a negative HPV-16 antibody result and those who had a positive 

result. A t test was used to compare continuous measures and a χ2 test for categorical 

variables, with a p for trend calculated for those categories that were ordinal.  

  Logistic regression was used to model the association of potential risk factors on 

serostatus. Odds ratios were calculated using logistic regression for each potential risk 

factor. Adjusted odds ratios were calculated by logistic regression modeling using 

backward selection, starting with all factors that had statistically significant odds ratios in 

bivariate analysis. After variables had been selected by this method, each variable was 

removed one at a time and a likelihood ratio test was conducted to determine whether its 

inclusion significantly improved model fit.  
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  Effect modification of observed associations between HPV and each of several 

risk factors was investigated by stratifying on additional factors of interest. These include 

ethnicity, marital status, and circumcision status. For those factors that appeared to cause 

heterogeneity (>10% difference) in the odds ratio of HPV and other primary risk factors, 

including lifetime number of female partners, age at first sexual intercourse, and Hispanic 

ethnicity, multiplicative interactions were generated and evaluated for statistical 

significance (p < 0.10 for Wald test) using logistic regression. Analyses were conducted 

using Intercooled Stata 9.1 for Windows (StataCorp; College Station, TX). 

 

RESULTS 

Of 1,674 men who were approached for recruitment, 759 completed the screening 

questions and were eligible; 552 (72.7%) attended the first visit to become enrolled in the 

study; and 499 (65.7%) returned for the second visit to have samples collected. Six men 

who passed the initial screening were found to be ineligible (four were older than 40, and 

two had a history of genital warts), and one participant did not contribute a blood sample. 

This left 492 men with samples available for HPV-16 antibody analysis and 463 with 

samples for both HPV-16 antibody and HPV DNA detection analyses. 

  Men were between 18 and 40 years old, with 49.6% under age 25 years, most 

(71.8%) being single, and 77.8% having had at least some college education. The 

majority of participants (70.7%) were white, 16.9% were Hispanic, and other racial 

groups were represented by 1.8%-7.3% of the men (Table 1).  
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   Sixty-three men (12.8%) tested positive for HPV-16 antibodies in serum. Older 

men were significantly more likely to test positive, with a nearly 5-fold difference in 

antibody prevalence between men over 30 years old vs 30 or under (26.4% vs 7.0%, odds 

ratio [OR]: 4.8, 95% confidence interval [CI]: 2.7-8.3). Furthermore, the frequency of 

detection increased non-linearly with greater age (Figure). The predictive models 

included a squared term for age. 

  Lifestyle factors associated with HPV-16 seropositivity in bivariate analyses are 

presented in Tables 1 and 2. Cohabiting, divorced, or separated men had higher odds than 

single men of HPV-16 seropositivity (OR: 3.4 for cohabiting, CI: 1.4-8.3 and OR: 3.7, 

CI: 1.7-8.1 for divorced/separated) (Table 1). Current or former heavy smoking (10 or 

more cigarettes per day) was associated with increased odds of HPV-16 antibody 

detection (OR: 2.5, CI: 1.4-4.5), as was being circumcised (OR: 3.0, CI: 1.1-8.6) (Table 

2).  

  Reporting a greater lifetime number of sex partners and having paid for sex with a 

woman were associated with increased probability of HPV-16 antibody detection (Table 

2). Although several questions were included in the questionnaire regarding sexual 

behavior in the past three months (e.g., number of partners and frequency of sexual 

intercourse), no association was observed between these behaviors and HPV-16 antibody 

status (Table 2 and additional data not shown). None of the sexually transmitted disease 

(STD) history variables that were ascertained by questionnaire were observed to be 

associated with HPV-16 seropositivity (data not shown). 
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  The complete result of HPV DNA detection in swab and samples are presented in 

Nielson et al. 2006a. Associations with concurrently detected anogenital HPV-16 DNA 

are presented in Table 3. Neither infection of “any” site or of the genital sites specifically 

was associated with HPV-16 antibody detection; however, infection of the anal sites was 

associated with a 4.6 to 8.0 times higher odds of detecting HPV-16 antibodies.  

  Factors independently associated with HPV-16 seropositivity are presented in 

Table 4. Using multivariate logistic regression, the variables that best accounted for 

HPV-16 seropositivity among men were age (included as a continuous linear variable and 

as a squared term) and having HPV-16 DNA detected at the perianal area or anal canal. 

 The association between HPV-16 seropositivity and age was not linear. Inclusion of a 

squared term for age improved the multivariate model fit significantly over a model with 

a linear age term and concurrent anal HPV-16 infection (p for likelihood ratio test = 

0.006). The inclusion of both age and age2 makes interpretation more difficult; therefore, 

we have included sample odds ratios for a range of ages (Table 5). 

 

DISCUSSION 

In this study, we observed a 12.8% seroprevalence of HPV-16 in asymptomatic men. 

This estimate was similar to two previously published U.S. reports: 7.9% in a random 

survey of 12- to 59-year-old males from the National Health and Nutrition Examination 

Survey, a nationally representative sample (10), and 14.1% in 18- to 72-year-old men 

recruited from community centers in Maryland (12). The association between increasing 

age and odds of seropositivity could account for some of the differences among these 
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three seroprevalence estimates. That is, as age increases, a greater number of men would 

be expected to be seropositive; therefore, studies that include older men would be 

expected to report higher seroprevalence. We noted an exponential rise in the odds of 

HPV-16 seropositivity over the ages 18 to 40 years. 

Although antibody status is considered a marker of prior HPV infection, it cannot 

be assumed that infection has occurred at a genital site. For example, Kreimer et al. noted 

a strong association between HPV-16 seropositivity and tonsilar HPV (type 16, 18, or 33) 

detection in men (OR: 4.3, CI: 1.3-13.9) (19). In our study, we found no significant 

association with concurrent HPV-16 DNA detection at genital sites but a strong 

association (adjusted OR: 6.2, CI: 1.4-26.7) with detection at anal sites. Because this is a 

cross-sectional study, a strong association between concurrent HPV-16 DNA detection 

and antibody detection is not expected, as a previous genital HPV-16 infection may have 

cleared by the time of sample collection.  

There is some evidence in the literature from male anal and penile cancer patients 

that detection of anal HPV-16 DNA may be more strongly associated with HPV-16 

seroprevalence than detection of penile HPV-16 DNA is (20). Carter et al. reports that 

when HPV-16-positive anal cancer patients were compared with controls, cases are 8.9 

(95% CI: 3.8-20.6) times as likely to have HPV-16 antibodies; however, HPV-16-

positive penile cancer cases are only 5.3 (95% CI: 2.2-12.4) times as likely as controls to 

have HPV-16 antibodies (20). While the CIs do overlap, the authors note that this 

difference in association strength might support the hypothesis that immune response 

varies by anatomic site. Our findings support the hypothesis that the anal mucosa in men 
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has greater immunogenic properties than the keratinized epithelium of the penis and 

scrotum. Further studies of immune response to anal HPV infection in asymptomatic men 

will be required to formally test this hypothesis. 

Although our questionnaire included questions about sexual activity in the three 

months prior to sample collection, none of those factors were associated with HPV-16 

seropositivity. A lack of an association with recent sexual activity agrees with the 

observation that HPV-16 seroconversion usually takes longer than three months (e.g., a 

median of 8.3 months in women (21)). This further supports the use of antibody 

serostatus as a marker of long-term exposure to HPV. The association between HPV-16 

antibody detection and marital status may be a marker of sexual history or behavior that 

was not captured in the other questionnaire items. 

A positive association between circumcision and seropositivity in bivariate 

analysis was observed, although the association was not statistically significant after 

adjustment for age and presence of anal HPV-16 (adjusted OR: 2.2, CI: 0.7-6.6). This 

finding is interesting when paired with the results from Thompson et al., who reported a 

non-significant association between circumcision and HPV-16 seroincidence (OR: 1.3, 

CI: 0.8-2.1). These associations may indicate a better seroresponse among circumcised 

men than among uncircumcised men. 

 An association with current or former smoking of 10 or more cigarettes per day 

was also observed. This variable was of interest because of its association with HPV 

prevalence in the same study population of men [ref Nielson 2006b]. Although smoking 

has not previously been reported as a factor associated with HPV-16 serostatus in men, 
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Kreimer et al. reported that current female smokers were significantly more likely than 

never-smokers to have HPV-16, 18, or 33 antibodies (OR: 1.7, CI: 1.0-3.0).  

  Two important limitations to the conclusions of this study are the cross-sectional 

nature of the assessment of both exposures and HPV outcomes and the self-report of 

sensitive personal information. Analysis of sexual behaviors and of anal HPV-16 

infection in a longitudinal cohort study of HPV in asymptomatic are needed to provide 

support for a temporal association.  

In summary, this study supports recent estimates of HPV-16 seroprevalence in 

asymptomatic men and the increased HPV-16 seroprevalence as age increases. We 

observed a strong association between concurrent anal HPV-16 DNA detection at anal 

sites but not genital sites. We recommend that future longitudinal studies of HPV in men 

examine the role of anogenital HPV infection, as well as circumcision, smoking, and 

sexual behaviors to elucidate site-specific seroresponses to HPV-16 infection.  
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Table 1. Association between participant characteristics and HPV-16 antibody status of men in 
the HPV Detection in Asymptomatic Men study (N = 492) 
 All subjects HPV-16 

seropositive 
 

 N % N % OR 95% CI 
Overall 
 

492 100.0 63 12.8   

Residence       
Tucson, Arizona 388 78.9 53 13.7 ref  
Tampa, Florida 
 

104 21.1 10 9.6 0.7 0.3-1.4 

Age       
18-19 54 11.0 2 3.7 ref  
20-24 190 38.6 15 7.9 2.2 0.5-10.1 
25-29 100 20.3 7 7.0 2.0 0.4-9.8 
30-34 65 13.2 10 15.4 4.7 1.0-22.6 
35-40 83 16.9 29 34.9 14.0 3.2-61.5 
χ2 trend 
 

     p < 0.001 

Race       
White 348 70.7 44 12.6 ref  
Black 36 7.3 8 22.2 2.0 0.9-4.6 
Asian/Pacific Islander 19 3.9 0 0.0 Not calculated 
American Indian/Alaska 
Native 

9 1.8 1 11.1 0.9 0.1-7.1 

Other/unknown/refuse 
 

80 16.3 10 12.5 1.0 0.5-2.1 

Ethnicity       
Non-Hispanic 400 81.3 49 12.3 ref  
Hispanic 83 16.9 12 14.5 1.2 0.6-2.4 
Unknown/refuse 
 

9 1.8 2 22.2 2.1 0.4-10.1 

Marital status       
Single, never married 343 71.2 33 9.6 ref  
Married 66 13.7 10 15.2 1.7 0.8-3.6 
Cohabiting 30 6.2 8 26.7 3.4 1.4-8.3 
Divorced/separated 
 

39 8.1 11 28.2 3.7 1.7-8.1 

Education       
Less than 12 years 22 4.5 3 13.6 ref  
High school graduate 104 21.4 15 14.4 1.1 0.3-4.1 
13-16 years 253 52.0 29 11.5 0.8 0.2-2.9 
17 years or more 108 22.2 16 14.8 1.1 0.3-4.2 
χ2 trend 
 

     p = 0.976 

ref: reference category, OR: odds ratio, CI: confidence interval
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Table 2. Association between HPV-16 antibody status and smoking or sexual characteristics of 
men in the HPV Detection in Asymptomatic Men study (N = 492*) 
 Positive Negative   
 N % N OR 95% CI 
Smoker      

Never 31 11.2 246 ref  
Former 15 15.8 80 1.5 0.8-2.9 
Current 
 

17 15.3 94 1.4 0.8-2.7 

Currently or formerly smoked 10 cigarettes or more per day 
No 42 10.7 351 ref  
Yes 
 

21 23.1 70 2.5 1.4-4.5 

Circumcised (clinician assessed)    
No 4 5.2 73 ref  
Yes 
 

59 14.2 356 3.0 1.1-8.6 

Age at first sexual intercourse    
13 or under 6 16.7 30 ref  
14-17 33 12.4 234 0.7 0.3-1.8 
18 or older 21 12.0 154 0.7 0.3-1.8 
χ2 trend 
 

    p = 0.572 

Lifetime number of female sex partners    
< 10 20 7.6 244 ref  
> 10 
 

41 19.9 165 3.0 1.7-5.4 

Ever had anal sex with a man    
No 23 9.8 211 ref  
Yes 
 

3 18.8 13 2.1 0.6-8.0 

Ever paid a woman for sex    
No 20 8.9 205 ref  
Yes 
 

6 24.0 19 3.2 1.2-9.0 

Frequency of sexual intercourse in the past 3 months   
0-4 times 15 11.5 64 ref  
5-10 times 12 14.3 72 1.3 0.6-2.9 
11-25 times 13 11.2 103 1.0 0.4-2.1 
>26 times 12 11.2 95 1.0 0.4-2.2 

χ2 trend 
 

    p = 0.818 

Condom use during vaginal sex in the past 3 months   
Always 14 14.6 82 ref  
> Half 7 10.8 58 0.7 0.3-1.9 
Half 3 7.3 38 0.5 0.1-1.7 
< Half 7 10.9 57 0.7 0.3-1.9 
Never 27 16.0 142 1.1 0.6-2.2 

χ2 trend     p = 0.562 
ref: reference category, OR: odds ratio, CI: confidence interval * N varies due to missing data 
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Table 3. Association between HPV-16 antibody status and concurrent anogenital HPV-16 
infection among men in the HPV Detection in Asymptomatic Men study 
  Presence of HPV-16 antibodies in serum 
  Positive Negative   

HPV-16 DNA detected in anogenital 
samples 

N % N OR* 95% CI* 

No infection  48 11.7 363   
Any site 
 

 8 15.7 43 1.4 0.6-3.1 

Combined external genital 
sites 

 5 10.9 41 0.9 0.3-2.2 

Glans / corona  2 11.1 16 0.9 0.0-3.8 
Penile shaft  5 12.5 35 1.0 0.4-2.7 
Scrotum 
 

 4 20.0 16 1.8 0.6-5.3 

Urethra 
 

 1 33.3 2 3.2 0.0-25.2 

Combined anal sites  4 40.0 6 5.3 1.5-18.4 
Perianal area  3 37.5 5 4.6 1.2-18.1 
Anal canal 
 

 3 50.0 3 8.0 1.8-35.9 

Semen 
 

 1 20.0 4 1.7 0.0-11.8 

OR: odds ratio, CI: confidence interval, * by Fisher’s exact test 
 
 
Table 4. Factors independently associated with HPV-16 seropositivity among men in the HPV 
Detection in Asymptomatic Men study, adjusted for age 
 Adjusted OR* 95% CI 
   
Marital status    

Single, never married ref  
Married 0.7 0.3-1.6 
Cohabiting 3.3 1.3-8.8 
Divorced/separated 1.0 0.4-2.8 
Missing 
 

0.4 0.0-3.9 

HPV-16 DNA detected at perianal area or anal canal    
No ref  
Yes 6.1 1.4-26.7 
Missing 
 

1.8 0.9-3.4 

ref: reference category, OR: odds ratio, CI: confidence interval 
* adjusted for age as a continuous linear variable and as a squared term and for the other variables 
in the table 
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Figure. Unadjusted odds and 95% confidence intervals of HPV-16 antibody detection by age 
group (years) 
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Table 5. Predicted odds ratios for association between age and HPV-16 antibody status, using age 
and age2 terms (N = 492) 
Years old OR* 95% CI 

20  ref  
25 0.8 0.5-1.5 
30 1.2 0.5-2.9 
35 3.1 1.3-7.6 
40 14.2 5.7-35.5 

ref: reference category, OR: odds ratio, CI: confidence interval 
* adjusted for marital status and having concurrent HPV-16 DNA detected at the perianal area or 
anal canal 
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APPENDIX D: HUMAN SUBJECTS APPROVAL 
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APPENDIX E: ADDITIONAL TABLES & FIGURES 

 

Table 1. Age and racial/ethnic distribution of men ages 18-44 years old in Tucson, 

Arizona (U.S. Census 2000)  

 Age in years  

 % of total men 18-44 years old 

 18-19 20-24 25-29 30-34 35-39 40-44 Total 

N (%) 

Non-Hispanic 

White 

4.4 11.1 9.7 8.8 10.2 9.8 58,508  

(54.0) 

Black 0.4 0.7 0.7 0.7 1.0 0.9 4865 (4.5) 

Asian/ 

Pacific Islander 

0.3 0.8 0.7 0.6 0.5 0.2 3466 (3.2) 

American Indian/ 

Alaska Native 

0.2 0.6 0.6 0.5 0.4 0.4 2883 (2.7) 

Hispanic  3.4 7.9 7.3 6.0 6.0 5.1 38,667 

(35.7) 
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Table 2. Age and racial/ethnic distribution of men ages 18-44 years old in Tampa, Florida 

(U.S. Census 2000) 

 Age in years  

% of total men 18-44 years old 

 18-19 20-24 25-29 30-34 35-39 40-44 Total 

N (%) 

Non-Hispanic 

White 

2.8 7.6 10.3 10.8 11.9 11.4 34,764 

(54.8) 

Black 2.0 4.3 3.9 3.7 4.3 3.8 13,943 

(22.0) 

Asian/ 

Pacific Islander 

0.1 0.6 0.7 0.5 0.5 0.4 1763 (2.8) 

American Indian/ 

Alaska Native 

0.01 0.1 0.1 0.2 0.1 0.1 379 (0.6) 

Hispanic  1.3 3.7 4.0 4.0 3.7 3.2 12,638 

(19.9) 
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Table 3. Samples collected at different time periods of the study 

 Time period 

 12/6/03-11/15/04 11/16/04-6/14/05 6/15/05-1/14/06 

Semen sample Required Required Eliminated 

Urine sample Required Required Required 

Urethral swab Required (Calcium 

alginate until 

11/12/04, Dacron 

thereafter) 

Optional  Eliminated 

Penile shaft swab Required Required Required 

Scrotum swab Required Required Required 

Perianal swab Required Required Required 

Anal canal swab Required (Added 

4/8/04) 

Required Required 

Glans penis/coronal 

sulcus swab 

Required Required Required 

Blood Required Required Required 

Questionnaire Required Required (Added 

questions about sex 

with men and 

paying for sex 

3/28/05) 

Required 
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Table 4. Differences in demographics and sexual behavior variables by clinic site (N = 
463) 
 Tucson Tampa  
 No. (%) No. (%) p* 
Genital wart(s) found during clinic 
visit 

10 (2.8) 8 (7.7) 0.02 

Ethnicity      
Not Hispanic 288 (80.2) 88 (84.6)  
Hispanic 64 (17.8) 15 (14.4)  
Unknown 7 (2.0) 1 (1.0) 0.55 

Race      
White 261 (72.7) 63 (60.6)  
American Indian / AK Native 9 (2.5) 0 (0)  
Asian 10 (2.8) 9 (8.7)  
Black 19 (5.3) 14 (13.5)  
Other 60 (16.7) 18 (17.3) 0.001 

Smoker      
Never 192 (54.9) 71 (68.3)  
Former 69 (19.7) 18 (17.3)  
Current 89 (25.4) 15 (14.4) 0.03 

Ever had anal sex with a man 12 (3.3) 4 (3.9) 0.17 
Ever diagnosed with any STD 89 (25.6) 7 (6.9) < 0.0001 
Ever diagnosed with gonorrhea 11 (3.2) 1 (2.0) 0.64 
Ever had a partner with an 
abnormal Pap smear 

     

No 121 (33.7) 32 (30.8)  
Yes 88 (24.5) 19 (18.3)  
Don’t know 150 (41.8) 53 (51.0) 0.210 

Ever had a partner with genital 
warts 

     

No 235 (65.6) 73 (70.2)  
Yes 28 (7.8) 7 (6.7)  
Don’t know 95 (26.5) 24 (23.1) 0.687 

* p for group test of proportions or Pearson χ2

 Tucson Tampa  
 mean (SD) mean (SD) p** 

Age 27.5 (6.6) 26.0 (5.9) 0.04 
Lifetime number of female 
partners 

15.6 (20.8) 14.2 (18.7) 0.55 

Different female partners in the 
past 3 months 

1.4 (1.3) 1.4 (2.1) 0.77 

New female partners in the past 3 
months 

0.67 (1.1) 0.52 (1.2) 0.23 

Age at first sexual intercourse 17.0 (3.0) 17.1 (3.7) 0.66 
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Frequency of sexual intercourse in 
the past 3 months 

19.0 (22.4) 19.1 (20.5) 0.95 

Frequency of sexual intercourse in 
the past 1 month 

6.6 (9.9) 5.9 (8.2) 0.55 

** p for Student’s t test with equal variances 
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Table 5. Clinical findings among all study participants (N=499*) 
 Number 

of men 
 

% 
Warts   

0 479 96.0 
1 12 2.4 
2-3 4 0.8 
4+ 4 0.8 

   
Wart location   

Shaft 19 3.8 
Scrotum 1 0.2 

   
Lesions**   

0 482 96.6 
1 9 1.8 
2-3 5 1.0 
4+ 3 0.6 

   
Lesion location   

Shaft 12 2.4 
Scrotum 1 0.2 
Corona 2 0.4 
Pudenda 1 0.2 

   
Circumcised 421 84.4 
   
Clinician   

Primary Tucson 368 73.7 
Primary Tampa 104 20.8 
Three additional Tucson 27 5.4 

 
*  Includes 30 Tucson men for whom samples were used during PCR optimization and 

six men who were found to be ineligible after the clinical visit. 
 
** Lesions include moles, abrasions, skin tags, molluscum contagiosum, blisters  
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Table 6. β-globin positivity by anatomic site or specimen  
β -globin positive by 

genotyping 
Site or 
specimen 

N* 
sites/specimens 

sampled 
(denominator) 

β -globin 
positive by 
either PCR 

or 
genotyping 

n (%) 

β -globin 
positive 
by PCR 
n (%) 

H and L 
n (%) 

H only 
n (%) 

L only 
n (%) 

Glans/corona 469 448 (95.5) 378 (80.6) 369 
(78.7) 

76 
(16.2) 

0 

Shaft 469 448 (95.5) 382 (81.4) 366 
(78.0) 

72 
(15.4) 

0 

Scrotum 469 444 (94.7) 377 (80.4) 300 
(64.0) 

122 
(26.0) 

0 

Urethra 336 280 (83.3) 246 (73.2) 238 
(70.8) 

31 
 (9.2) 

0 

Perianal 469 440 (93.8) 392 (83.6) 286 
(61.0) 

98 
(20.9) 

2  
(0.4) 

Anal canal 411 391 (95.1) 361 (87.8) 302 
(73.5) 

68 
(16.5) 

0 

Semen 348 347 (99.7) 340 (97.7) 337 
(96.8) 

10  
(2.9) 

0 

* Includes six men who were determined to be ineligible after the clinical visit. 
H: high-concentration band 
L: low-concentration band
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Table 7. Correlations between sexual activity variables (Spearman coefficients) 
 Lifetime 

no. female 
sex 
partners 

Age at 
first sexual 
intercourse 

Different 
female 
partners in 
past 3 
months 

New 
female 
partners 
in past 3 
months 

Frequency 
of 
intercourse 
in past 3 
months 

Frequency 
of 
intercourse 
in past 1 
month 

Lifetime 
no. female 
sex 
partners 

1.00      

Age at first 
sexual 
intercourse 

–0.30* 1.00     

Different 
female 
partners in 
past 3 
months 

0.36* –0.21* 1.00    

New 
female 
partners in 
past 3 
months 

0.30* -0.13 
p = 0.005 

0.71* 1.00   

Frequency 
of 
intercourse 
in past 3 
months 

0.20* –0.09 
p = 0.06 

0.21* 0.03
p = 0.50

1.00  

Frequency 
of 
intercourse 
in past 1 
month 

0.18* –0.06 
p = 0.22 

0.19* 0.05
p = 0.31

0.84* 1.00 

* p < 0.001 
 
The Spearman correlation between condom use with vaginal sex in the past 3 months and 
condom use with steady partner in the past 3 months was 0.9154, p < 0.0001. Neither of 
these variables were statistically significantly correlated with the other variables in the 
table above. 
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Table 8. Relationships between HPV detection and various risk factors stratified by 
monogamy in the past three months 

 Any HPV anywhere 
 One partner in 

the past 3 
months 

(N = 274) 
OR* 

Two or more 
partners in the 
past 3 months 

(N = 128) 
OR* 

% 
difference 

in ORs 

Lifetime number of female partners 
 

1.03 1.01 2.0 

Frequency of sexual intercourse in the 
past 3 months 
 

1.005 1.02 1.5 

Ethnicity    
Not Hispanic ref ref  
Hispanic 1.36 3.13 78.8 
Unknown 
 

NA 0.41  

Condom use with vaginal sex in the past 
3 months    

Always ref ref  
> Half .69 1.01 37.6 
Half 1.19 2.13 56.6 
< Half 1.86 1.37 30.3 
Never 
 

1.06 4.62 125.4 

Condom use with steady partner in the 
past 3 months    

Always ref ref  
> Half 0.75 0.42 56.4 
Half 2.25 1.45 43.2 
< Half 1.43 2.00 33.2 
Never 
 

1.61 1.21 28.4 

OR: odds ratio 
* adjusted for date of laboratory analysis 
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Table 9. Relationships between HPV detection and various risk factors stratified by 
circumcision  

 Any HPV anywhere 
 Circumcised 

(N = 389) 
OR* 

Uncircumcised 
(N = 74) 

OR* 

% 
difference 

in ORs 
Lifetime number of female partners 
 

1.02 1.06 3.8 

Frequency of sexual intercourse in the 
past 3 months 
 

1.01 1.02 1.0 

Ethnicity    
Not Hispanic ref ref  
Hispanic 1.03 3.26 104.0 
Unknown 
 

3.81 NA  

Condom use with vaginal sex in the past 
3 months    

Always ref ref  
> Half 0.77 0.91 16.7 
Half 1.85 0.91 68.1 
< Half 1.76 1.82 3.4 
Never 
 

1.27 1.09 15.3 

Condom use with steady partner in the 
past 3 months    

Always ref ref  
> Half 0.70 0.44 45.6 
Half 2.25 NA  
< Half 1.75 1.11 44.8 
Never 
 

1.71 0.48 112.3 

OR: odds ratio 
* adjusted for date of laboratory analysis 
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Table 10. Relationships between HPV detection and various risk factors stratified by 
Hispanic ethnicity 

 Any HPV anywhere 
 Hispanic 

(N = 79) 
OR* 

Not Hispanic  
(N = 384) 

OR* 

% 
difference in 

ORs 
Lifetime number of female partners 
 

1.07 1.02 4.8 

Frequency of sexual intercourse in the 
past 3 months 
 

1.05 1.01 3.9 

Condom use with vaginal sex in the 
past 3 months    

Always ref ref  
> Half 1.50 0.71 71.5 
Half 0.33 2.12 146.1 
< Half 2.00 1.66 18.8 
Never 
 

1.33 1.23 7.8 

Condom use with steady partner in the 
past 3 months    

Always ref ref  
> Half 0.45 0.77 52.5 
Half NA 2.43  
< Half 1.09 1.75 46.5 
Never 
 

1.09 1.58 36.7 

OR: odds ratio 
* adjusted for date of laboratory analysis 
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Table 11. Relationships between HPV detection and various risk factors stratified by 
clinic site 

 Any HPV anywhere 
 Tucson 

(N = 359) 
OR* 

Tampa  
(N = 104) 

OR* 

% 
difference 

in ORs 
Lifetime number of female partners 
 

1.03 1.02 1.0 

Frequency of sexual intercourse in the 
past 3 months 
 

1.01 1.01 0.0 

Ethnicity    
Not Hispanic ref ref  
Hispanic 1.36 1.68 21.1 
Unknown 
 

3.71 NA  

Condom use with vaginal sex in the past 
3 months 

   

Always ref ref  
> Half 0.68 1.50 75.2 
Half 1.63 1.50 8.3 
< Half 1.31 4.00 101.3 
Never 
 

0.99 3.13 103.9 

Condom use with steady partner in the 
past 3 months 

   

Always ref ref  
> Half 0.59 1.33 77.1 
Half 2.17 1.78 19.7 
< Half 1.30 2.67 69.0 
Never 
 

1.45 1.23 16.4 

OR: odds ratio 
* adjusted for date of laboratory analysis 
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Table 12. Relationships between HPV detection and condom use by monogamy status 
 Monogamous Non-monogamous 
 HPV positive 

N (%) 
Adj. 
OR* 

95% CI HPV positive  
N (%) 

Adj. 
OR*  

95% CI 

Condom use during vaginal sex in the past 3 
months 

   

Always 42 (62.7) ref  15 (65.2) ref  
> Half 14 (53.9) 0.8 0.3-2.1 19 (65.2) 0.8 0.2-2.7 
Half 12 (66.7) 1.2 0.4-3.8 16 (80.0) 2.1 0.5-9.2 
< Half 25 (75.8) 1.6 0.6-4.4 18 (72.0) 1.6 0.4-5.8 
Never 80 (64.0) 1.0 0.5-1.8 26 (89.7) 7.0 1.3-39.1 

       
ref: reference category. HPV is any HPV type detected at any site. 
* adjusted for date of laboratory analysis, lifetime number of female partners, and smoking 10 

or more cigarettes per day 



 
Table 13. Differences in condom effect by monogamy (any HPV at any site), alternate classification scheme 
 Any type HPV (N = 463) Oncogenic HPV (N = 295) Non-oncogenic HPV (N = 328)
 HPV+ (%) OR* (95% CI) HPV+ (%) OR* (95% CI) HPV+ (%) OR* (95% CI) 
Condom use with 
vaginal sex in the 
past 3 months 

         

Never, non-
monog 

26 (89.7) ref  17 (85.0) ref  9 (75.0) ref  

Sometimes, non-
monog 

53 (71.6) 0.3 (0.1-1.0) 24 (53.3) 0.2 (0.0-0.7) 29 (58.0) 0.4 (0.1-1.8)

Always, non-
monog 

15 (65.2) 0.2 (0.0-0.9) 3 (27.3) 0.1 (0.0-0.3) 12 (60.0) 0.5 (0.1-2.4)

No sex past 3 
mos 

33 (54.1) 0.1 (0.0-0.5) 14 (33.3) 0.1 (0.0-0.3) 19 (40.4) 0.2 (0.0-0.9)

Monog past 3 
mos 

175 (63.9) 0.2 (0.1-0.7) 76 (43.4) 0.1 (0.0-0.4) 99 (50.0) 0.3 (0.1-1.2)

ref: reference category, OR: odds ratio, CI: confidence interval. * adjusted for date of laboratory analysis. 

186 
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Table 14. Associations between condom use in the past three months and detection of any 
type HPV by genital anatomic site or semen in non-monogamous men (n = 125)  
 HPV 

positive if 
always use 

n (%) 

HPV positive 
if sometimes 

use 
n (%) 

HPV positive 
if never use 

n (%) 

Adj. OR* 
“never” is 
reference 

group 

95% CI 

Any site  15 (65.2) 52 (72.2) 26 (89.7) 0.2 sometimes 
0.1 always 
 

0.0-0.9 
0.0-0.8 

Glans penis / 
coronal 
sulcus 

7 (31.8) 32 (45.7) 14 (50.0) 0.9 sometimes 
0.5 always 

0.4-2.5 
0.1-2.0 

Shaft 8 (34.8) 43 (60.6) 20 (71.4) 0.6 sometimes 
0.2 always 
 

0.2-1.6 
0.1-0.7 

Scrotum 8 (34.8) 32 (46.4) 14 (48.3) 1.0 sometimes 
0.6 always 
 

0.4-2.5 
0.2-2.1 

Urethra 1 (7.1) 8 (21.1) 1 (5.6) 3.8 sometimes 
1.5 always 
 

0.4-41.0
0.1-34.9

Perianal area 6 (26.1) 12 (18.8) 6 (20.7) 0.8 sometimes 
1.3 always 
 

0.3-2.6 
0.3-4.9 

Anal canal 3 (15.8) 6 (10.2) 7 (28.0) 0.3 sometimes 
0.5 always 
 

0.1-1.2 
0.1-2.3 

Semen 0 (0.0) 1 (2.1) 2 (8.3) 0.2 sometimes 
 -  always** 
 

0.0-9.1 

*  adjusted for date of laboratory analysis, lifetime number of female partners, and 
smoking 10 or more cigarettes per day 

** inestimable 
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Table 15. Associations between circumcision and detection of any type HPV by genital 
anatomic site or semen  
 HPV positive if 

circumcised 
N (%) 

HPV positive if 
uncircumcised 

N (%) 

Adj. OR* 
for 

circumcision 

95% CI 

Any site (includes 
anal) 
 

254 (65.3) 49 (66.2) 0.8 0.4-1.4 

Glans penis / coronal 
sulcus 
 

130 (34.9) 29 (40.9) 0.6** 0.3-1.0 

Shaft 
 

189 (50.0) 35 (49.3) 0.9 0.5-1.5 

Scrotum 
 

128 (34.5) 23 (32.9) 1.0 0.6-1.8 

Urethra 
 

21 (9.1) 7 (14.9) 0.4*** 0.1-1.1 

Semen 
 

14 (4.9) 4 (7.1) 0.6 0.2-2.0 

*  adjusted for date of laboratory analysis, lifetime number of female partners, and smoking 
10 or more cigarettes per day 

**  p = 0.06; *** p = 0.08 
 
 
 
Table 16. Associations between circumcision and any type HPV by ethnicity  

 
Circumcised 

N (%) 

HPV positive 
if circumcised 

N (%) 

HPV positive 
if 

uncircumcised 
N (%) 

Adj. OR* for 
circumcision 95% CI 

Hispanic 
 

52 (65.8) 34 (65.4) 22 (81.5) 0.4 0.1-1.3

Non-
Hispanic 
 

337 (87.7) 220 (65.3) 27 (57.5) 1.1 0.6-2.1

* adjusted for date of laboratory analysis, lifetime number of female partners, and 
smoking 10 or more cigarettes per day 
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Table 17. Distribution of multiple infections by oncogenic classification (N = 463) 
 Single HPV type 

n (% of all men) 
Multiple HPV types 

n (% of all men) 
Single or multiple 

HPV types 
n (% of all men) 

Any HPV 
 

176 (38.0) 127 (27.4) 303 (65.4) 

Oncogenic HPV 
 

38 (8.2) 97 (21.0) 135 (29.2) 

Non-oncogenic 
HPV 
 

138 (29.8) 30 (6.5) 168 (36.3) 
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Table 18. Factors associated with multiple type HPV infections 
 Single type HPV (N = 336) Multiple HPV (N = 287)
 OR* (95% CI) OR* (95% CI) 
Smoker     

Never ref  ref  
Former 1.0 (0.5-1.7) 1.3 (0.7-2.5) 
Current 
 

1.4 (0.8-2.4) 2.7 (1.5-4.9) 

Cigarettes currently smoked 
per day 

    

0-9  ref  ref  
10 or more  
 

1.7 (0.7-4.0) 5.5 (2.4-12.5) 

Lifetime number of female 
partners 

    

1-5 ref  ref  
6-10 1.3 (0.7-2.4) 4.3 (2.0-9.1) 
11-20 1.8 (1.0-3.2) 5.4 (2.6-11.5) 
21-199 1.1 (0.6-2.2) 9.8 (4.6-21.0) 

     
Different female partners in 
the past 3 months 

    

None ref  ref  
1 1.5 (0.8-2.8) 1.6 (0.8-3.5) 
2 or more 1.9 (0.9-3.9) 3.6 (1.6-8.2) 
     

Frequency of sexual 
intercourse in the past month 

    

None ref  ref  
1-10 times 1.6 (1.0-2.7) 1.6 (0.9-2.8) 
11 or more 1.5 (0.8-2.8) 2.2 (1.1-4.3) 
     

Frequency of sexual 
intercourse in the past 3 
months 

    

None ref  ref  
1-25 times 1.4 (0.7-2.7) 1.8 (0.8-4.2) 
26 or more 1.4 (0.7-3.1) 4.1 (1.6-10.1) 
     

Condom use with vaginal sex 
in the past 3 months 

    

Always ref  ref  
> Half the time 0.6 (0.3-1.2) 1.4 (0.6-3.3) 
Half the time 1.4 (0.6-3.5) 2.5 (0.9-7.3) 
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< Half the time 1.1 (0.5-2.4) 3.5 (1.5-8.5) 
Never 1.0 (0.5-1.7) 2.3 (1.1-4.6) 
     

Condom use with vaginal sex 
in the past 3 months 

    

Never, non-monog ref  ref  
Sometimes, non-monog 0.3 (0.1-1.2) 0.2 (0.1-1.0) 
Always, non-monog 0.4 (0.1-1.8) 0.1 (0.0-0.5) 
No sex past 3 mos 0.2 (0.0-0.8) 0.1 (0.0-0.3) 
Monog past 3 mos 
 

0.3 (0.1-1.1) 0.1 (0.0-0.4) 

Circumcision     
Non-Hispanic 
uncircumcised 

ref  ref  

Non-Hispanic circumcised 1.3 (0.6-2.5) 1.9 (0.8-4.5) 
Hispanic uncircumcised 3.0 (0.9-10.0) 4.2 (1.1-16.6) 
Hispanic circumcised 
 

1.1 (0.4-2.7) 2.2 (0.8-6.2) 

n varies due to missing data. ref: reference category, OR: odds ratio, CI: confidence 
interval. * adjusted for date of laboratory analysis. 
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Table 19. Association between history of sexually transmitted infection and HPV status 
 Single type HPV (N = 336) Multiple HPV (N = 287)
 OR* (95% CI) OR* (95% CI) 
Ever diagnosed with any 
STD** 
 

0.9 (0.5-1.6) 1.3 (0.7-2.3) 

Genital wart(s) found during 
clinic visit** 
 

0.5 (0.0-5.2) 12.0 (2.6-54.7) 

Ever had partner with 
abnormal Pap smear 

    

No ref  ref  
Yes 0.8 (0.5-1.5) 2.4 (1.2-4.7) 
Don’t know 
 

0.6 (0.4-1.0) 1.5 (0.9-2.7) 

n varies due to missing data. ref: reference category, OR: odds ratio, CI: confidence 
interval.  
* adjusted for date of laboratory analysis.  
** “No” is reference category. 
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Table 20. Independent associations with single and multiple type HPV infections 
 Adjusted 

OR* 
(95% CI) 

Cigarettes currently smoked per day   
0-9  ref  
10 or more  
 

2.1 (1.0-4.3) 

Lifetime number of female partners   
1-5 ref  
6-10 3.3 (1.6-6.8) 
11-20 3.2 (1.3-6.7) 
21-199 
 

7.2 (3.4-15.0) 

Condom use with vaginal sex in the past 3 
months 

  

Never, non-monog ref  
Sometimes, non-monog 0.6 (0.2-1.7) 
Always, non-monog 0.2 (0.0-0.9) 
No sex past 3 mos 0.3 (0.1-1.0) 
Monogamous past 3 mos** 
 

0.4 (0.2-1.0) 

Genital wart(s) found during clinic visit   
No ref  
Yes 
 

15.8 (4.0-61.7) 

*  Odds ratio adjusted for date of laboratory analysis and all other variables in the table. 
**  Includes both condom users and non-users. 
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