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Abstract

Background: Among men who have sex with men (MSM) and transgender women (TGW), the 

dynamics of HPV infections at different anatomical sites are not well understood. Information 

on HPV concordance between anatomic sites can inform the extent of auto-inoculation, and 

susceptibility of different anatomic areas to HPV infection. We described and assessed correlates 

of HPV concordance across anal, oral, and genital samples.

Methods: We enrolled 1876 MSM and TGW aged 18-26 years in three US cities. Oral, 

genital, and anal samples were self-collected for type-specific HPV DNA testing (37 types). 

Demographics, sexual behaviors, and health history were self-reported. Kappa statistics based on 
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percent positive agreement (kappa+) and generalized estimating equations were used to describe 

and identify correlates of HPV type-specific concordance between anatomic sample pairs.

Results: Any HPV was detected in 69.9%, 48.6%, and 7.4% of anal, genital, and oral samples, 

respectively. Detection of any HPV (concurrence) was most common in anal-genital pairs (40.9%) 

and uncommon in oral-genital and oral-anal pairs (3.4% and 6.5% respectively). Type-specific 

concordance was poor across all sample pairs (kappa+ <0.20). Younger age and older age at first 

sex were positively associated with type-concordant anal-genital infections. Sexual behaviors were 

unassociated with concordance.

Conclusions: Poor oral/anogenital concordance suggests the oral mucosa has different 

susceptibility to HPV infection, differential clearance and/or auto-inoculation between oral and 

anogenital sites is unlikely. There was some observed concurrence and concordance between anal 

and genital sites, unassociated with sexual behavior, suggesting auto-inoculation. Longitudinal 

studies are necessary to further elucidate mechanisms of multi-site infections.

Short Summary:

Among MSM aged 18–26-years, HPV was detected in both anal and genital specimens from 41% 

(11% with type-specific concordance). Concordance was rare in oral-anal or oral-genital pairs.

INTRODUCTION

In men, human papillomavirus (HPV) infections cause anogenital warts and cancers of the 

genitals, anus, and oropharynx[1]. Men who have sex with men (MSM) and transgender 

women (TGW) are at disproportionately high risk for HPV infections and HPV-associated 

diseases. HPV seroprevalence is approximately 2-6 times higher among MSM compared to 

men who have sex exclusively with women (MSW)[2]. Among MSM, anal HPV prevalence 

ranges from 65%-93%[3], and anal cancer incidence is estimated to be 37 cases per 100,000 

person-years[3] (and higher in MSM living with versus without human immunodeficiency 

virus (HIV) infection)[3]. There are limited data on HPV-related health outcomes among 

TGW, with many reports not disaggregating results from MSM and TGW. Nevertheless, 

multiple studies have reported an even higher burden of HPV infections in TGW than in 

MSM[4], with HPV-related cancers therefore expected to occur more frequently in TGW[5]. 

Furthermore, despite the availability of effective vaccines to prevent HPV infections, HPV 

vaccine coverage in MSM in the US is suboptimal and data on vaccine coverage in TGW are 

lacking[4].

Epidemiology and risk factors for HPV infections among MSM and TGW are not fully 

understood. Limited data are available about the relationship between HPV infections at 

different anatomical sites. Information on HPV concordance across anatomical sites can 

provide information on sources of infection, the extent of auto-inoculation between sites, 

and susceptibility of different anatomic areas to HPV infection. In MSM and TGW a limited 

number of studies have evaluated the presence and positive concordance of HPV DNA at 

anal, genital, and/or oropharyngeal sites. Most of these studies showed low concordance, 

with a wide range of estimates across studies that may be due to variability in sampling 

methods, differences in sensitivity of detection methods, and differences in anatomic sites 

included [6-14]. To enhance our understanding of HPV transmission and risk for HPV-
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related cancers in MSM and TGW, additional studies are needed to accurately describe 

concordance and associated risk factors across anatomic sites.

METHODS

Study design

To describe the concordance of HPV types and associated risk factors across anatomic sites, 

we conducted a cross-sectional analysis using data from the HPV Vaccine Impact in Men 

(VIM) study conducted among young MSM and TGW in three US cities, as described 

previously[15, 16].

Study population

During 2016-2018, the study enrolled participants at a sexual health clinic and community 

STD/HIV testing site in Seattle, WA a community center serving lesbian, gay, bisexual, 

and transgender (LGBT) persons in Chicago, IL and an LGBT clinic in Los Angeles, CA. 

Individuals aged 18-26 years were eligible if they reported having been assigned male 

sex at birth and reported a history of anal or oral sex with a male partner, identified as 

gay/homosexual or bisexual, or intended to have sex with a male partner in the future.

Ethical considerations

After providing written informed consent, participants were enrolled and completed all study 

elements on the same day. Study procedures were reviewed and approved by the institutional 

review boards at all participating institutions. This study was reviewed by CDC and was 

conducted consistent with federal law and CDC policy.

Study procedures

Study participants completed a survey which included questions on demographics, sexual 

behaviors, and health information including HIV status and HPV vaccination history. 

Additional data were extracted from clinic records for subjects enrolled in Seattle.

Each participant was invited to self-collect and submit at least two specimens for HPV DNA 

testing: an anal swab and an oral rinse specimen. Additionally, Seattle participants were 

invited to self-collect and submit a genital swab. Participants were provided with verbal and 

written instructions on how to self-collect clinical specimens.[15-17] Specimens were 

shipped frozen to the CDC research laboratory in Atlanta, Georgia, for batch processing as 

previously described.[17] Briefly, DNA extracts were assayed for HPV using the Roche 

Linear Array (Roche Diagnostics, Pleasanton, CA) to detect any of 37 HPV DNA types 

(6/11/16/18/26/31/33/35/39/40/42/45/51/52/53/54/55/56/58/59/61/62/64/66/67/68/69/70/71/

72/73/81/82/83/84/89/IS39). Specimens were considered inadequate if test results were 

negative for the human β-globin gene and all 37 HPV types.

Prevalence was calculated for the following categories of HPV types: any type (37 HPV 

types), any high-risk type (16/18/31/33/35/39/45/51/52/56/58/59/66/68), any 4-valent HPV 

vaccine-type (6/11/16/18), and any 9-valent HPV vaccine-type (6/11/16/18/31/33/45/52/58). 

We determined prevalence estimates for each anatomic site separately (anal, genital or oral), 
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and for concurrent detection at two anatomic sites (oral/anal, oral/genital, or anal/genital), 

or all three anatomic sites (anal, genital and oral). For each set of anatomic sites, we also 

described the proportion with full, partial, and no agreement in the HPV types detected 

between sites. Anatomic site-specific analyses were restricted to those with an adequate 

specimen at the specific site(s).

Data analysis

Type-specific HPV concordance was determined by comparing detection between paired 

anatomic sites. We defined complete concordance as detection of all of the same HPV types 

in both anatomic sites, while partial concordance was defined as only some of the same 

HPV types detected in both sites. Pooled positive type-specific concordance was calculated 

for any HPV, any high-risk HPV, any 9-valent HPV vaccine-type, and any 4-valent HPV 

vaccine-type, HPV 6 and/or 11, and HPV 16 and/or 18. The observed proportion positive 

agreement (PPA) between sites was calculated by obtaining the paired samples positive 

in both sites divided by the number of paired samples with any positive test at either 

site. The expected PPA between these sites was calculated based on the product of the 

marginal probabilities of obtaining positive samples at both sites divided by the probability 

of obtaining a positive at either site. To adjust for the PPA caused by chance for each 

pair, the unweighted PPA kappa statistic (kappa+) and 95% confidence interval (CI) was 

calculated using percentile bootstraps (where the bootstrap resampled individuals to account 

for the correlation between samples within an individual).

We then conducted generalized estimating equations logistic regression to measure the 

effect of individual risk factors associated with type-specific concordance of HPV infections 

across oral-anal and genital-anal sample pairings (separate models). We did not assess 

for factors associated with concordance across oral-genital sample pairs due to the low 

number of concordant pairs. We estimated odds ratios (OR) and 95% CI based on robust 

variance estimates using a generalized estimating equation approach, clustering on the 

individual. Variables assessed included: age, sexual orientation, race/ethnicity, smoking 

status, self-reported HIV status, history of ever taking HIV pre-exposure prophylaxis (PrEP), 

self-reported HPV vaccination status, age at first HPV vaccine dose, age at first sex with 

any partner, lifetime number of sex partners (any gender), male sex partners in the last 12 

months, male sex partners in the last 2 months, new male sex partner in the last 2 months, 

gave oral sex to male partners in the last 2 months, received oral sex from male partners in 

the last 2 months, was a bottom (receptive) in anal sex in the last 12 months, engaged in 

condomless anal sex as a bottom in the last 12 months, was a top (insertive) in anal sex in 

the last 12 months, engaged in condomless anal sex as a top in the last 12 months, history 

of anogenital warts, history of genital herpes, gonorrhea or chlamydia in the last 12 months, 

and syphilis in the last 12 months. The following variables were not collected from one 

of the Seattle clinics: received oral sex from male partners in the last 2 months, history of 

anogenital warts and history of genital herpes. Variables found to be statistically significant 

in the univariate analysis (P<0.10) were entered into multivariate logistic regression models. 

When a variable found significant in the univariate analysis had >5% missing data, we added 

a category for the missing data and performed the multivariate analysis with the missing 
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category included for the particular variable. All calculations were performed in RStudio 

2022.07.2+576.

RESULTS

A total of 1881 participants were enrolled, of whom 1876 had ≥1 adequate biologic 

specimen result and were included in this analysis. Adequate results were available for 

1779 oral-anal pairs, 700 oral-genital pairs, 668 anal-genital pairs, and 667 at all three sites.

Demographics, sexual behavior, and health history characteristics

The median age of participants was 23 years (interquartile range [IQR] 21-25 years) and 

the median age of first sex with any partner was 16 years (IQR 15-18 years) (Table 

1). The majority of participants identified as male (94.5%) and self-reported being gay 

or homosexual (72.4%). The most commonly self-reported race and/or ethnicity was non-

Hispanic White (31.2%), followed by Hispanic (31.2%), non-Hispanic Black (14.1%) and 

Asian/Pacific Islander (7.8%). Having tested positive for HIV was reported by 143 (7.6%) 

participants. 742 (39.6%) participants reported receipt of ≥1 HPV vaccine dose, with the 

median age at first HPV vaccination being 19 (IQR 16-22) years. More than half of 

participants reported a lifetime number of >20 sex partners (any gender) and 72.3% reported 

a new male sex partner in the prior two months.

Prevalence and concordance of HPV detection among study participants

Most participants (71.2%) had HPV detected from ≥1 anatomic site, with more than half 

(52.5%) having a high-risk type (Table 2). HPV was most commonly detected from anal 

specimens (69.9%; 1250/1787), followed by genital specimens (48.6%; 341/701), and oral 

specimens (7.4%; 138/1868). This pattern was similar across the different HPV type groups 

evaluated, including high-risk HPV, 4-valent HPV vaccine types, and 9-valent HPV vaccine 

types. Among participants who had HPV detected in anal samples, the mean (standard 

deviation [SD]) and median (IQR) number of HPV types detected was 3.1 (2.3) and 2 (1-4) 

respectively. The mean (SD) and median (IQR) number of HPV types detected was 2.0 (1.5) 

and 1 (1-3) for genital samples, and 1.3 (0.6) and 1 (1-1) for oral samples.

Concurrent detection of any HPV at more than one anatomic site was most common in 

anal-genital sample pairs (40.9%) followed by oral-anal sample pairs (6.5%) and oral-genital 

samples (3.4%) (Table 2). Among participants with samples from all three sites, 3.0% 

had at least one HPV type detected at all three sites, and 1.2% had at least one high-risk 

type detected in all three sites. Of participants with concurrent anal and genital infections, 

10.6% had complete concordance of the HPV types detected at both sites. The proportion 

of concurrently positive pairs with complete concordance was lower at both the oral and 

anal sites and at the oral and genital sites at 5.2% and 8.3% respectively. Similarly, 

partial concordance was highest in anal-genital samples compared to oral-anal samples and 

oral-genital samples at 61.2%, 31.0% and 25.0% respectively. Of the 20 participants with 

concurrent HPV detection at all three sites, only one had complete concordance, while 4 had 

partial concordance.

Shah et al. Page 5

Sex Transm Dis. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Type-specific HPV concordance was highest for genital/anal sample pairs (PPA=16.7%, 

kappa+=0.15, 95% CI:0.13–0.17) (Table 3). The PPA among both oral/anal sample pairs and 

oral/genital sample pairs was considerably lower at 1.2% (kappa+=0.01, 95% CI:0.01–0.01) 

and 1.4% (kappa+=0.01, 95% CI:0.00–0.02) respectively. Similar patterns for comparisons 

of agreement across sample pairs were observed for all HPV type groups evaluated.

Factors associated with type-specific HPV concordance across oral-anal sample pairings

In univariate analyses, the likelihood of detecting the same HPV type in paired oral and 

anal samples was significantly higher among participants who had ever smoked compared 

to those who had never smoked (OR=2.30; 95% CI:1.19–4.47). Participants who were aged 

≥16 years at sexual debut were less likely to have a concordant oral-anal infection than those 

who were aged ≤15 years (OR=0.48, 95% CI:0.26–0.91) (Table 4). Borderline statistically 

significant associations were observed for lifetime number of sex partners and reporting 

being a top in anal sex in the past 12 months.

In the multivariate model including smoking status, age of sexual debut, lifetime number 

of sex partners and being a top in anal sex in the last 12 months, younger age at sexual 

debut remained significantly associated with type-specific HPV concordance (adjusted OR 

(aOR)=0.50, 95% CI:0.27–0.93). The association between smoking status and concordance 

was attenuated and borderline statistically significant (aOR=1.91, 95% CI:0.96–3.77). 

Associations for lifetime number of sex partners and being a top in anal sex in the last 

12 months were not statistically significant in the multivariate model (Table 4).

Factors associated with type specific HPV concordance across anal-genital sample pairs

In the univariate analysis, odds of having a concordant anal-genital HPV infection were 

significantly lower in participants aged 22-26 years versus 18-21 years (OR=0.66, 95% 

CI:0.47–0.93) (Table 5). On the other hand, the odds of detecting the same HPV type in 

paired anal-genital samples were higher among participants who reported that their age at 

first sex was ≥16 years than in those who reported a younger age at first sex (OR=1.43, 95% 

CI:1.02–2.01). Self-reporting testing HIV-positive also trended towards having a significant 

association with concordant anal-genital HPV infections (OR=2.02, 95% CI:0.92–4.44).

After including age at enrolment, age at first sex and HIV status in the multivariate model, 

the likelihood of a concordant HPV infection was even lower in participants aged 22-26 

years versus <22 years (adjusted odds ratio (aOR)=0.62; 95% CI:0.44–0.87). Older age at 

first sex also continued to be significantly associated with having a higher odds of same-type 

HPV detection across paired anal and genital samples (aOR=1.48; 95% CI:1.06–2.08). 

Moreover, the magnitude of association between concordance and HIV status was slightly 

larger in the multivariate model, but only borderline significant (aOR=2.21, 95% CI:0.99–

4.89) (Table 5).

DISCUSSION

In this population of young MSM and TGW, concurrent detection of any HPV at multiple 

anatomic sites was highest for paired anal-genital sample pairs (over 40%). This is 

higher than reported in other studies among MSM in which the prevalence of concurrent 
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anal-genital HPV infection ranged between 15%-23%[12, 18]. This difference could be 

due to sampling techniques or participant characteristics, since our study population was 

younger, with a higher likelihood of more recently acquired infections. Nonetheless, the high 

prevalence of concurrent infections highlights the importance of early HPV vaccination to 

prevent HPV infections and HPV-related cancers in MSM and TGW.

Concurrent HPV detection in oral-genital and oral-anal sample pairs was uncommon, likely 

related to the low oral HPV prevalence in our study. Among the 7.4% of participants with 

oral HPV, concurrent HPV detection was much more common with an anal sample (84%) 

than a genital sample (17%), possibly attributable to both the high prevalence of anal HPV 

infection and multiple-type HPV in anal samples. In the 2012-2014 Young Men’s HPV 

Study of MSM and TGW, a similarly low level of concurrent oral-anal HPV detection 

(8.0%) was observed, and among the 9.8% of participants with oral HPV, 82.2% had 

concurrent HPV detection from anal samples [9]. Although other studies among MSM have 

reported a slightly higher prevalence of concurrent HPV in oral-genital samples (6%-9%)[6, 

19], the prevalence of concordant oral-genital HPV was low[6, 10].

Similar to other studies in men[6, 7, 9-12], we noted little type-specific agreement between 

the various sample pairs analyzed. The observed HPV type-specific agreement in the current 

study was low for anal-genital sample pairs, and there was little to no agreement in pairs 

involving an oral sample.

Younger age was positively associated with anal-genital concordance. In contrast, other 

studies in MSM and the general male population have not reported any association 

of age with concordant HPV across anatomic sites[8, 9, 11, 20, 21]. However, as in 

our study, some studies in women demonstrated increasing age to be associated with 

lower likelihood of detecting type-concordant HPV in anal-genital[22] and oral-genital 

samples[23]. Conversely, we did not observe any association of age with oral-anal 

concordance in our study, possibly due to the low prevalence of oral HPV infections.

Smoking was associated with a twofold higher likelihood of HPV type-concordant oral-

anal infection, although this association was attenuated and not statistically significant in 

the adjusted model. Other studies in both MSM and MSW have reported smoking to 

be associated with concordant oral and anogenital infections[8, 9]. Smoking is generally 

thought to increase the persistence and reactivation of HPV infections in the oral cavity 

and is therefore associated with higher oral HPV prevalence[24]. The higher prevalence of 

concordant oral-anal HPV infections among smokers is probably related to higher oral HPV 

prevalence in this group. In contrast, smoking was not associated with anal-genital type 

concordance in our study.

The only sexual behavior characteristic that was significantly associated with type-specific 

concordance was age at first sex. Oral-anal type-specific HPV concordance was significantly 

lower among participants who reported an older versus younger age at first sex. In contrast, 

the inverse was observed for anal-genital samples. Potential explanations include different 

dynamics in HPV acquisition at the oral and anogenital sites, or variances in time to HPV 

clearance and persistence in the oral site compared to anal and genital sites[25]. In the only 
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other study among MSM that reported on the association of age of first sex with HPV 

concordance, those who reported an older age more often had a concordant infection at 

both sites, compared to those who reported a younger age, but this was not statistically 

significant[20]. On the other hand, studies among women have observed that those reporting 

a younger age of sexual debut were more likely to have a concordant oral-genital HPV 

infection[22, 23] but the findings in these studies failed to achieve statistical significance in 

multivariate models.

The lack of type-concordance between oral and anogenital HPV infections in our study 

and other similar studies suggest that oral HPV infections may be acquired independently 

of anogenital infections or may be less likely to reactivate from latency compared to 

anogenital infections[6]. In addition, auto-inoculation between oral and anogenital sites 

may be uncommon, and there are likely different pathways or timing of infection at the 

oral site compared to the anogenital sites[25]. Faster clearance from oral epithelia and 

latent infections remaining undetected due to limitations of exfoliated cell sampling might 

also explain the low prevalence of concordant infections involving the oral site. Moreover, 

the lack of observed concordance might also be explained by differences in the duration 

of infection at the different anatomic sites[26], varying limitations of specimen collection 

from the three anatomic sites, and difference in tissue structure and virus tropism between 

the different anatomic sites[12]. Given the rise in HPV-related oropharyngeal cancers in 

men, additional studies to understand the epidemiology and natural history of oral versus 

anogenital HPV infections are warranted.

Of note, we observed some type-concordance between genital and anal HPV infections in 

our population of young MSM and TGW, and this was not associated with sexual behaviors. 

This suggests that other factors such as nonpenetrative sexual behaviors or auto-inoculation 

between different anatomic sites might have a role in the transmission of HPV infections. 

This theory is also supported by the high prevalence of anal HPV in the absence of anal sex 

in studies of both men and women[22, 27]. Although the mechanism of transport between 

these anatomic sites is unclear, some data suggest that HPV at either site can serve as a 

reservoir for infection at the other site[28] and there is potential for transmission of HPV via 

hand carriage[29] and objects[30], which may facilitate HPV inoculation between the anal 

canal and genitals. Our study was cross-sectional which limited the ability to distinguish 

between newly acquired versus persistent infections; longitudinal studies are needed to 

elucidate HPV transmission dynamics.

A strength of our study was that it was conducted in three cities with access to a large 

source population which allowed us to conduct the largest study to date evaluating HPV 

concordance at three anatomic sites in young racially and ethnically diverse MSM and TGW. 

Another strength is that we used the gold standard method of collecting HPV specimens 

from the various anatomic sites and all samples were tested by PCR at the same laboratory at 

CDC using a validated assay for type-specific detection. Lastly, we had access to a rich array 

of demographic data, medical information and sexual behavior data, allowing us to study a 

wide range of potential covariates.
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This analysis is subject to at least three limitations. First, our convenience sample may not 

be representative of MSM or TGW in general. Second, some self-reported characteristics 

may have been overreported or underreported due to social desirability and recall biases. 

Third, the sensitivity of HPV DNA testing across anatomic sample types may vary.

In summary, our results show that MSM and TGW are likely to harbor concurrent HPV 

infections at multiple anatomic sites, highlighting the need for increased efforts to promote 

HPV vaccination in early adolescence to prevent HPV-related cancers in MSM and TGW. 

We observed some concordance between type-specific anal and genital HPV infections that 

was unassociated with sexual behaviors, suggesting that non-sexual transmission such as 

auto-inoculation plays an important role in HPV infections at anogenital sites. Conversely, 

concordant HPV detection between oral and anogenital sites was rare, suggesting that oral 

HPV infections are more likely to be acquired independently of anogenital infection or at a 

different point in time. To better understand HPV transmission dynamics and HPV-related 

cancer risk in MSM and TGW, additional studies that consider both the timing and clearance 

of oral versus anogenital HPV infections and characterize factors associated with HPV 

persistence and concordance across sites are warranted.

Acknowledgments:

We thank Fred Swanson from Gay City Health Project, Michael E. Newcomb from Northwestern University, Janell 
Moore from the University of California at Los Angeles, Robert K. Bolan from the Los Angeles LGBT Center, and 
Jessica Rudd from the Centers for Disease Control and Prevention for their contributions to the VIM Study.

Funding Source:

The HPV Vaccine Impact in Men (VIM) study was funded by the Centers for Disease Control and Prevention 
(CDC) through the Prevention Research Centers, supported by Cooperative Agreement Numbers U48 DP005013 to 
the University of Washington and U48 DP005014 to the University of Kentucky.

REFERENCES

1. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans, Biological agents, in A 
review of human carcinogens. 2012. p. 255–291.

2. Lewis RM, Markowitz LE, Panicker G, et al. , Seroprevalence of Human Papillomavirus 6/11/16/18 
Among Self-identified Gay/Bisexual Men Who Have Sex With Men, Men Who Have Sex With 
Women, and Females, United States, 2003–2010. Clinical Infectious Diseases, 2019. 69(6): p. 
1011–1018. [PubMed: 30475987] 

3. Machalek DA, Poynten M, Jin F, et al. , Anal human papillomavirus infection and associated 
neoplastic lesions in men who have sex with men: a systematic review and meta-analysis. Lancet 
Oncology, 2012. 13(5): p. 487–500. [PubMed: 22445259] 

4. Meites E, Wilkin TJ, and Markowitz LE, Review of human papillomavirus (HPV) burden and HPV 
vaccination for gay, bisexual, and other men who have sex with men and transgender women in 
the United States. Human Vaccines & Immunotherapeutics, 2022. 18(1): p. 2016007. [PubMed: 
35294325] 

5. Quinn GP, Sanchez JA, Sutton SK, et al. , Cancer and lesbian, gay, bisexual, transgender/
transsexual, and queer/questioning (LGBTQ) populations. CA: A Cancer Journal for Clinicians, 
2015. 65(5): p. 384–400. [PubMed: 26186412] 

6. King EM, Gilson R, Beddows S, et al. , Oral human papillomavirus (HPV) infection in men who 
have sex with men: prevalence and lack of anogenital concordance. Sexually transmitted infections, 
2015. 91(4): p. 284–286. [PubMed: 25887283] 

Shah et al. Page 9

Sex Transm Dis. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Liu F, Hang D, Deng Q, et al. , Concurrence of oral and genital human papillomavirus infection in 
healthy men: a population-based cross-sectional study in rural China. Scientific reports, 2015. 5: p. 
15637–15637. [PubMed: 26503510] 

8. Patel EU, Rositch AF, Gravitt PE, et al. , Concordance of Penile and Oral Human Papillomavirus 
Infections Among Men in the United States. The Journal of infectious diseases, 2017. 215(8): p. 
1207–1211. [PubMed: 28329127] 

9. Steinau M, Gorbach P, Gratzer B, et al. , Concordance Between Anal and Oral Human 
Papillomavirus Infections Among Young Men Who have Sex With Men. The Journal of Infectious 
Diseases, 2017. 215(12): p. 1832–1835. [PubMed: 28505338] 

10. Kahn JA, Belzer M, Chi X, et al. , Pre-vaccination prevalence of anogenital and oral human 
papillomavirus in young HIV-infected men who have sex with men. Papillomavirus research 
(Amsterdam, Netherlands), 2019. 7: p. 52–61. [PubMed: 30658128] 

11. Kusters JMA, Heijne JCM, van Benthem BHB, et al. , Type-specific concurrent anogenital 
HPV detection among young women and MSM attending Dutch sexual health clinics. Sexually 
Transmitted Infections, 2022: p. sextrans-2022-055484.

12. Qian H-Z, Hu Y, Carlucci JG, et al. , Human Immunodeficiency Virus Status Differentially 
Associated With Genital and Anal Human Papillomavirus Infection Among Chinese Men Who 
Have Sex With Men: A Cross-Sectional Survey. Sexually transmitted diseases, 2017. 44(11): p. 
656–662. [PubMed: 28876311] 

13. Tsikis S, Hoefer L, Bethimoutis G, et al. , Risk factors, prevalence, and site concordance of human 
papillomavirus in high-risk Greek men. European journal of cancer prevention : the official journal 
of the European Cancer Prevention Organisation (ECP), 2018. 27(5): p. 514–520. [PubMed: 
28394804] 

14. Le HHL, Bi X, Ishizaki A, et al. , Low concordance of oral and genital HPV infection among male 
patients with sexually transmitted infections in Vietnam. BMC Infectious Diseases, 2019. 19(1): p. 
578. [PubMed: 31272409] 

15. Meites E, Winer RL, Newcomb ME, et al. , Vaccine Effectiveness Against Prevalent Anal and Oral 
Human Papillomavirus Infection Among Men Who Have Sex With Men—United States, 2016–
2018. The Journal of Infectious Diseases, 2020. 222(12): p. 2052–2060. [PubMed: 32504091] 

16. Winer RL, Lin J, Querec TD, et al. , Effectiveness of Human Papillomavirus (HPV) Vaccination 
Against Penile HPV Infection in Men Who Have Sex With Men and Transgender Women. The 
Journal of Infectious Diseases, 2022. 225(3): p. 422–430. [PubMed: 34320185] 

17. Meites E, Gorbach PM, Gratzer B, et al. , Monitoring for Human Papillomavirus Vaccine Impact 
Among Gay, Bisexual, and Other Men Who Have Sex With Men—United States, 2012–2014. The 
Journal of Infectious Diseases, 2016. 214(5): p. 689–696. [PubMed: 27296847] 

18. Ucciferri C, Tamburro M, Falasca K, et al. , Prevalence of anal, oral, penile and urethral Human 
Papillomavirus in HIV infected and HIV uninfected men who have sex with men. Journal of 
Medical Virology, 2018. 90(2): p. 358–366. [PubMed: 28906006] 

19. Sonawane K, Shyu SS, Damgacioglu H, et al. , Prevalence and concordance of oral and genital 
HPV by sexual orientation among US men. JNCI Cancer Spectrum, 2022: p. pkac088.

20. Rollo F, Latini A, Benevolo M, et al. , Concurrent and Concordant Anal and Oral Human 
PapillomaVirus Infections Are Not Associated with Sexual Behavior in At-Risk Males. Pathogens, 
2021. 10(10).

21. Custer J, Patel R, Delclos GL, et al. , Concurrent and Concordant Oral and Genital High-Risk 
Human Papillomavirus in the United States: Results from the National Health and Nutrition 
Examination Survey. The Journal of Infectious Diseases, 2021. 223(8): p. 1400–1409. [PubMed: 
32803235] 

22. Hernandez BY, Wilkens LR, Zhu X, et al. , Transmission of Human Papillomavirus in 
Heterosexual Couples. Emerging Infectious Diseases, 2008. 14(6): p. 888. [PubMed: 18507898] 

23. Kedarisetty S, Orosco RK, Hecht AS, et al. , Concordant Oral and Vaginal Human Papillomavirus 
Infection in the United States. JAMA Otolaryngology–Head & Neck Surgery, 2016. 142(5): p. 
457–465. [PubMed: 27010384] 

24. Chung CH, Bagheri A, and D’Souza G, Epidemiology of oral human papillomavirus infection. 
Oral Oncology, 2014. 50(5): p. 364–369. [PubMed: 24080455] 

Shah et al. Page 10

Sex Transm Dis. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



25. Vergori A, Garbuglia AR, Piselli P, et al. , Oral human Papillomavirus DNA detection in HIV-
positive men: prevalence, predictors, and co-occurrence at anal site. BMC Infectious Diseases, 
2018. 18(1): p. 25. [PubMed: 29310590] 

26. Darwich L, Cañadas M-P, Videla S, et al. , Prevalence, Clearance, and Incidence of Human 
Papillomavirus Type–Specific Infection at the Anal and Penile Site of HIV-Infected Men. Sexually 
Transmitted Diseases, 2013. 40(8).

27. Nyitray AG, Carvalho da Silva RJ, Baggio ML, et al. , Age-Specific Prevalence of and Risk 
Factors for Anal Human Papillomavirus (HPV) among Men Who Have Sex with Women and Men 
Who Have Sex with Men: The HPV in Men (HIM) Study. The Journal of Infectious Diseases, 
2011. 203(1): p. 49–57. [PubMed: 21148496] 

28. Sikora AG, Morris LG, and Sturgis EM, Bidirectional Association of Anogenital and Oral Cavity/
Pharyngeal Carcinomas in Men. Archives of Otolaryngology–Head & Neck Surgery, 2009. 135(4): 
p. 402–405. [PubMed: 19380365] 

29. Partridge JM, Hughes JP, Feng Q, et al. , Genital Human Papillomavirus Infection in Men: 
Incidence and Risk Factors in a Cohort of University Students. The Journal of Infectious Diseases, 
2007. 196(8): p. 1128–1136. [PubMed: 17955430] 

30. Ferenczy A, Fau BC, and Richart RM, Human papillomavirus DNA in fomites on objects 
used for the management of patients with genital human papillomavirus infections. Obstetrics 
& Gynecology, 1989. 74(6): p. 950–954. [PubMed: 2555753] 

Shah et al. Page 11

Sex Transm Dis. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Shah et al. Page 12

Table 1 -

Baseline demographics and sexual characteristics of young MSM and transgender women enrolled in the VIM 

study, 3 U.S. cities, 2016-2018

Characteristic No. (%)†

(N = 1876)⸶

City

Chicago, IL 664 (35.4%)

Los Angeles, LA 462 (24.6%)

Seattle, WA 750 (40%)

Age, years

Mean (SD), N = 1876 22.5 (2.4)

Median (IQR), N = 1876 23 (21 – 25)

18 – 21 661 (35.2%)

22 – 26 1215 (64.8%)

Gender identity

Male 1772 (94.5)

Female/transgender female 55 (2.9%)

Other/unknown⸶ 49 (2.6%)

Sexual orientation

Gay/homosexual 1358 (72.4%)

Straight/heterosexual 32 (1.7%)

Other/unknown⸶ 486 (25.9%)

Race and ethnicity

Non-Hispanic White 585 (31.2%)

Non-Hispanic Black 265 (14.1%)

Asian/Pacific Islander 147 (7.8%)

Hispanic 585 (31.2%)

Other*/unknown⸶ 294 (15.7%)

Smoking status
Ever smoked 789 (42.1%)

Never smoked or unknown⸶ 1087 (57.9%)

Most recent HIV test result
Positive 143 (7.6%)

Negative or unknown⸶ 1733 (92.4%)

History of PrEP for HIV prevention
Yes 397 (21.2)

No or unknown⸶ 1479 (78.8%)

Ever received any HPV vaccine

No, none 741 (39.5%)

Yes, any 742 (39.6%)

Don’t know/Unknown 393 (20.9%)

Age at first HPV vaccination (restricted to 742 participants self-reporting HPV 
vaccination)
missing = 52

Mean (SD), N = 690 18.7 (4.5)

Median (IQR), N = 690 19 (16 – 22)

≤18 years 311 (45.1%)

>18 years 379 (54.9%)

Age at first sex with any partner
missing = 13

Mean (SD), N = 1863 16.2 (2.9)

Median (IQR), N = 1863 16 (15 – 18)

<16 years 665 (35.7%)
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Characteristic No. (%)†

(N = 1876)⸶

>= 16 years 1198 (64.3%)

Lifetime number of sex partners of any sex
missing = 62

Mean (SD), N = 1814 41.9 (63.3)

Median (IQR), N = 1814 21 (10 – 50)

<=5 190 (10.5%)

6 – 10 273 (15.0%)

11 – 20 404 (22.3%)

>20 947 (52.2%)

Number of male sex partners in the last 12 months
missing = 124

Mean (SD), N = 1752 10.5 (17.4)

Median (IQR), N = 1752 5 (2 – 12)

None 62 (3.5%)

1 198 (11.3%)

2 – 4 482 (27.5%)

5 – 9 438 (25.0%)

>=10 572 (32.6%)

Number of male sex partners in the last 2 months
missing = 118

Mean (SD), N = 1758 3.7 (4.6)

Median (IQR), N = 1758 2 (1-5)

None 168 (9.6%)

1 443 (25.2%)

2 – 4 701 (39.9%)

5 – 9 283 (16.1%)

>=10 163 (9.3%)

Any new male sex partners in the last 2 months; missing = 278
Yes 1155 (72.3%)

No 443 (27.7%)

Recently gave oral sex in the last 2 months; missing = 119
Yes 1457 (82.9%)

No 300 (17.1%)

Recently got oral sex in the last 2 months^; missing = 266
Yes 1365 (84.8%)

No 245 (15.2%)

In the last 12 months was a bottom in anal sex; missing = 128
Yes 1369 (78.3%)

No 379 (21.7%)

In the last 12 months engaged in condomless bottom anal sex
missing = 152

Always 324 (18.8%)

Not always 1017 (59.0%)

Not a bottom in the last 12 
months 383 (22.2%)

In the last 12 months was a top in anal sex; missing = 127
Yes 1343 (76.8%)

No 406 (23.2%)

In the last 12 months engaged in condomless top anal sex
missing = 149

Always 342 (19.8%)

Not always 975 (56.5%)

Not a top in the last 12 months 410 (23.7%)
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Characteristic No. (%)†

(N = 1876)⸶

Ever had anogenital warts^
missing = 430

Yes 90 (6.2%)

No 1356 (93.8%)

Ever had genital herpes^
missing = 425

Yes 60 (4.1%)

No 1391 (95.9%)

History of chlamydia or gonorrhea in the last 12 months
missing = 117

Yes 538 (30.6%)

No 1221 (69.4%)

History of syphilis in the last 12 months
missing = 129

Yes 150 (8.6%)

No 1597 (91.4%)

†
Presented as number (%) unless otherwise specified

⸶
N includes 1876 participants, unless otherwise specified

⸶
Unknown includes whenever a participant responded to a question with “Don’t know/Not sure”

*
Other includes those who reported their race as American Indian, Alaskan Native, more than one race or other

^
These data were not available for participants from one of the clinic sites in Seattle

SD = Standard deviation, IQR = Inter-quartile range, PrEP = HIV Pre-exposure prophylaxis
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