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Summary

Background

The epidemiology of human papillomavirus (HPV) in women has been well documented. Less is
known about the epidemiology of HPV in men. We aim to provide updated global and regional
pooled overall, type-specific, and age-specific prevalence estimates of genital HPV infection in men.

Methods



We conducted a systematic review and meta-analysis to assess the prevalence of genital HPV infec-
tion in the general male population. We searched Embase, Ovid MEDLINE, and the Global Index
Medicus for studies published between Jan 1, 1995, and June 1, 2022. Inclusion criteria were pop-
ulation-based surveys in men aged 15 years or older or HPV prevalence studies with a sample
size of at least 50 men with no HPV-related pathology or known risk factors for HPV infection that
collected samples from anogenital sites and used PCR or hybrid capture 2 techniques for HPV
DNA detection. Exclusion criteria were studies conducted among populations at increased risk of
HPV infection, exclusively conducted among circumcised men, and based on urine or semen sam-
ples. We screened identified reports and extracted summary-level data from those that were eligi-
ble. Data were extracted by two researchers independently and reviewed by a third, and discrep-
ancies were resolved by consensus. We extracted only data on mucosal a-genus HPVs. Global and
regional age-specific prevalences for any HPV, high-risk (HR)-HPV, and individual HPV types were
estimated using random-effects models for meta-analysis and grouped by UN Sustainable
Development Goals geographical classification.

Findings

We identified 5685 publications from database searches, of which 65 studies (comprising 44 769
men) were included from 35 countries. The global pooled prevalence was 31% (95% CI 27-35)
for any HPV and 21% (18-24) for HR-HPV. HPV-16 was the most prevalent HPV genotype (5%,
95% CI 4-7) followed by HPV-6 (4%, 3-5). HPV prevalence was high in young adults, reaching a
maximum between the ages of 25 years and 29 years, and stabilised or slightly decreased there-
after. Pooled prevalence estimates were similar for the UN Sustainable Development Goal geo-
graphical regions of Europe and Northern America, Sub-Saharan Africa, Latin America and the
Caribbean, and Australia and New Zealand (Oceania). The estimates for Eastern and South-Eastern
Asia were half that of the other regions.

Interpretation

Almost one in three men worldwide are infected with at least one genital HPV type and around
one in five men are infected with one or more HR-HPV types. Our findings show that HPV preva-
lence is high in men over the age of 15 years and support that sexually active men, regardless of
age, are an important reservoir of HPV genital infection. These estimates emphasise the impor-
tance of incorporating men in comprehensive HPV prevention strategies to reduce HPV-related
morbidity and mortality in men and ultimately achieve elimination of cervical cancer and other
HPV-related diseases.
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Translations



For the Spanish and French translations of the abstract see Supplementary Materials section.
Introduction

Human papillomavirus (HPV) is the most common sexually transmitted viral infection worldwide,
and previous research has shown that most sexually active men and women will acquire at least
one genital HPV infection during their lives.! There are more than 200 HPV types that can be
transmitted sexually, and at least 12 types are oncogenic.2 The majority of HPV infections in men
and women are asymptomatic, but they can lead to long-term sequelae and mortality. Each year,
more than 340 000 women die of cervical cancer.2 In men, HPV infection tends to manifest clini-
cally as anogenital warts, which cause significant morbidity and increase HPV transmission rates.
5 HPV infections are also associated with penile, anal, and oropharyngeal cancers, which are com-
monly linked to HPV type 16.2Z The International Agency for Research on Cancer estimated that
there were about 69 400 cases of cancer in men caused by HPV in 20184

Research in context

Evidence before this study

The epidemiology of human papillomavirus (HPV) in women is well documented.
Prevalence data from the general male population, however, are scarce. We searched
Embase, Ovid MEDLINE, and the Global Index Medicus without language restrictions for
studies published between Jan 1, 1995, and June 1, 2022. Search terms included “((HPV
OR papilloma*) AND (male* OR men OR man) AND (prevalence))”. Most studies in men
have been conducted in high-income countries and have focused on subpopulations at in-
creased risk of HPV infection, such as men who have sex with men, men living with HIV,
symptomatic men attending sexually transmitted infection clinics, and male partners of
women with HPV infection or abnormal cervical cytology. The last comprehensive global
review of the prevalence of genital HPV in men was published in 2011 and included stud-
ies on men at increased risk of HPV infection. The study reported that HPV prevalence
was high among sexually active men in all regions but with considerable variation, from
1% to 84% among men at low risk of HPV infection and from 2% to 93% among men at
increased risk of HPV infection. Peak HPV prevalence spanned a wide range of ages, and
age-specific prevalence curves were relatively flat or declined only slightly following peak
prevalence.

Added value of this study

This study provides global and regional mean benchmark values of genital HPV preva-
lence in men to inform prevention strategies, on the basis of a systematic review and
meta-analysis of studies on HPV infection in general populations of sexually active men
who are not reported as being in high-risk subgroups for HPV infection. We were able to
generate global and regional prevalence estimates for any HPV, high-risk (HR)-HPV, and



specific genotypes and assess age patterns of infection and sources of interstudy hetero-
geneity. We made a major effort to select only studies that could be considered as repre-
sentative of the general male population of a country and could be combined by means of
meta-analysis with strict selection criteria. We provide support for evidence that the mean
global and regional prevalence of high-risk genital HPV in men is very high (globally 21%,
95% CI 18-24) and sustained across the adult lifespan. HR-HPV prevalence estimates
were similar across all regions studied except for Eastern and South-Eastern Asia (pooled
estimate of 23%, excluding Eastern and South-Eastern Asia), for which estimates were half
that of the other regions (10%). We also show that one key factor of interstudy hetero-
geneity is the anatomical site sampled. HR-HPV prevalence was higher in studies that sam-
pled at least the penile shaft and the glans penis or coronal sulcus (23%) when compared
with studies that did not (17%).

Implications of all the available evidence

The results suggest that genital HPV prevalence is high in men and that prevalence re-
mains high throughout heterosexual men's sexual lives. These results are consistent with
men being a reservoir of HPV infection and emphasise the importance of incorporating
men in efforts to control HPV infection and to reduce the incidence of HPV-related disease.
Prevalence data are primarily from high-income countries. Additional epidemiological
studies assessing the age-specific prevalence of HPV types in men from additional coun-
tries could contribute to impact monitoring efforts both for countries that have HPV vacci-
nation programmes for girls and young women and for the increasing number of coun-
tries that are including boys in their vaccination programme.

There are far fewer published reports on the epidemiology of HPV among general populations of
men than those among women. Epidemiological studies have primarily focused on women, and
data for the prevalence of HPV in men are scarce and predominantly from populations identified
as being at increased risk of infection, such as men who have sex with men, men living with HIV,
men with symptoms of sexually transmitted infections (STIs) attending STI clinics, and male part-
ners of women with HPV infection or abnormal cervical cytology. The first global review of genital
HPV prevalence in men was published in 2006 and identified 40 publications on men at any risk of
infection (appendix 3 p 2).82 HPV prevalence in men was 1-3-72-9% in the studies in which more
than one anatomical site or specimen were evaluated. HPV prevalence varied on the basis of sam-
pling, testing methods, and the anatomical site or specimen sampled.

A second review in 2011 focused on age-specific prevalence of HPV in men and identified 64 stud-
ies, 38 of which included populations at increased risk of HPV infection (appendix 3 p 2).2 HPV
prevalence was high among these sexually active men in all regions but varied from 1% to 84%
among men with low risk of HPV and from 2% to 93% among men with increased risk of HPV.
Peak HPV prevalence spanned a wide range of ages, and age-specific prevalence curves were quite
flat or declined only slightly following peak prevalence. A study published in 2018 examined risk
factors for HPV in men, including having sex with men, and estimated a global pooled prevalence
of any type of genital HPV in men of 49% (95% CI 35-64) and a prevalence of high-risk (HR)-HPV



of 35% (26-45) on the basis of data from 16 studies..? Regional-level reviews from sub-Saharan
Africa and Europe have consistently documented a prevalence of any HPV in men exceeding
2591 12

We aimed to update the global and regional estimates of the overall, type-specific, and age-specific
prevalence of genital HPV DNA in general populations of men before the onset of widespread HPV
gender-neutral vaccination. HPV prevalence data among men are essential to understand disease
burden and transmission risk in both men and women and to support the implementation and
evaluation of cervical cancer prevention and elimination programmes.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis is reported according to PRISMAL2 and GATHER guide-
lines. We searched Embase, Ovid MEDLINE, and the Global Index Medicus using search strategies
with exploded MeSH and Emtree terms and broad search criteria and without language restric-
tions for studies published between Jan 1, 1995, and June 1, 2022. For Embase Classic, Embase,
and Ovid MEDLINE, search terms were “((HPV OR papilloma*) AND (male* OR men OR man) AND
(prevalence)).mp.”. The search window went back to 1995 to mirror the data included in a meta-
analysis of HPV in women.12 The search was supplemented by a bibliographic screening of review
papers and papers that met the study entry criteria. The search strategies and full search terms

The study eligibility criteria for the systematic review and meta-analysis are summarised in appen-
dix 3 (p 3). Briefly, we included articles that reported HPV prevalence among at least 50 men aged
15 years or older with no HPV-related pathology, used PCR or hybrid capture 2 techniques for
HPV DNA detection, and collected samples from penile or anal sites (eg, glans, shaft, scrotum, ure-
thra, anus, or foreskin) mostly after 1995. Studies conducted exclusively in populations that were
considered at increased risk for HPV infection were excluded, as were studies conducted exclu-
sively among circumcised men because circumcision is considered a protective factor,® 1% 18 stud-
ies conducted exclusively among men vaccinated against HPV, and studies based on urine or se-
men samples because the sensitivity of these samples for HPV detection is low.. We included
baseline HPV prevalence data from cohort studies and from the control groups of case-control
studies if men were asymptomatic. Titles and abstracts were screened for relevant publications
separately by two authors (MT and LB for Embase and Ovid MEDLINE and MT and JR for the
Global Index Medicus). Any differences were discussed by the two screeners and, where there was
any uncertainty over publication titles and abstracts, the publications were included in the list for
full-text screening. Full texts were screened for relevance by GA and LB, and discrepancies were
discussed by GA, LB, JR, and MT. In the case of studies where we were uncertain about eligibility,
we reached out to the corresponding author (with a minimum of three contact attempts made).
We also contacted corresponding authors to access detailed information on HPV prevalence by
genotype and age where these data were not reported.



Data analysis

Data were extracted by GA and JR and reviewed by LB. Data were extracted using a standardised
form. Discrepancies were resolved by consensus. Where the same study population was described
in more than one publication, the publication with the highest sample size and most detailed infor-
mation was used, supplemented by the other publications. Data from multicountry studies were
presented by country where possible, and if a study provided data for 2 years or more, we used
the starting year or year with the most detailed information (appendix 3 p 4). For studies that re-
ported HPV prevalence data from more than one anatomical site, we prioritised data that included
penile shaft, glans, or corona over other sites..2 We also prioritised data from PCR assays over hy-
brid capture 2 (Qiagen, Gaithersburg, MD, USA) if a study provided data for both. We extracted
data only for mucosal a genus HPVs, because the main oncogenic HPV types and types that cause
anogenital warts belong to this genus.2© The full list of variables for which data were extracted is

The prevalence of high-risk genotypes was based on the high-risk definition used in each publica-
tion. If a publication did not provide an HR-HPV estimate, we estimated it as the sum of the preva-
lence of the 12 HR-HPV genotypes (types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59) and ad-
justed for multiple infections using the ratio of the total number of HPV infections to number of in-
dividuals who were positive for HPV. Analyses of type-specific HPV prevalence were based on the
studies reporting information for that HPV type. Each type (as single or multiple infection) was
evaluated independently. Prevalence of HPV types that are included in the two-valent (types 16
and 18), four-valent (types 6, 11, 16, and 18), and nine-valent (types 6, 11, 16, 18, 31, 33, 45, 52,
and 58) HPV vaccines were estimated at the global level after adjusting for multiple infections.

To be eligible for inclusion in the age-specific analyses, the range of a reported age category had
to be 11 years or less. Age-specific prevalence data from each eligible study were transformed
into estimates by 1-year age groups, assuming the number of men and prevalence were equally
distributed, and then aggregated into 5-year and 10-year age groups.

The quality of studies was appraised by a risk of bias score (ie, low or high) on the basis of how
closely the study population represented the general population of sexually active men, the sam-
pling frame, sample selection, and response rate. The checklist was adapted from publications by

Regional pooled mean estimates for any HPV, HR-HPV, and HPV type were calculated using the ge-
ographical classification of the UN Sustainable Development Goals (SDGs)%2 and the World Bank
classification of income level.22 Regional estimates were generated only for those regions where
the total number of tested men was at least 500.

HPV prevalence estimates were pooled using random-effects models for meta-analyses of bino-
mial data. Meta-analyses were conducted with Stata procedures metaprop, metapreg, and
metan.2% 22 Freeman-Tukey arcsine transformation of the prevalence was used to normalise vari-
ance; 95% Cls around the study-specific and pooled prevalences were computed on the basis of



the score-test statistic. The percentage of total variation due to interstudy heterogeneity was eval-
uated using the I measure. Publication bias was evaluated by visual inspection of funnel plots, the
Egger test, and the trim-and-fill method.

Sensitivity analyses were conducted to identify sources of heterogeneity between studies.
Subgroup meta-analysis was performed for nine variables and their categories planned a priori
(ie, geography [SDG subregions], sample size [>500 or <500], risk of bias [low or high], studies
conducted in STI clinics or equivalent [no or yes], first year of data collection [before 2006, 2006-
13, or 2014 or later], method of sampling [self-collected or clinician collected], anatomical sample
site [at least the penile shaft and the glans penis or coronal sulcus sampled or did not collect data
from either the shaft or the plans penis or coronal sulcus], number of HPV types tested in the as-
say [8-15 types, 16-26 types, or 27-50 types], and age [<30 years or 230 years]; appendix 3 p 4).
The influence of study variables on the variation of the prevalence was assessed by meta-regres-
sion, including those variables that caused significant heterogeneity.

All statistical analyses were conducted in Stata (version 16). Although the review was not regis-
tered, an internal protocol was followed describing these methods.

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data interpre-
tation, or writing of the report.

Results

We identified 5685 publications from database searches, of which 65 studies2® 2% 28
6

34,35,36,37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54,55,56,57, 58,59, 60, 61, 62, 63, 64
69,70,71,72,73,74,75,76,77,78,79, 80,81, 82, 83, 84, 85, 86,87, 88, 89, 90 comprising data from 44 769 men

were included in the systematic review and meta-analysis (figure 1, table 1). No additional publica-
tions were identified from the reference lists of the selected publications identified. Two studies
provided data for more than one population. Authors of 49 publications were contacted to pro-

vide additional information. 40 of the authors responded and 31 provided unpublished data,2Z 2%

32,35,38,39,41,42,43,50,51,53,55,56,57,59,60,62,63,64,66,71,73,75,80,81,83,86,87,90 1nclud1ng 27 authors

who shared data for HPV-type distribution or age distribution.

The 65 studies2® 27 28 29,30,31, 32,33, 34,35, 36,37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48,49,50,51, 52, 53, 54, 55,
56,57,58,59, 60,61, 62,63, 64,65, 66,67, 68,69,70,71,72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90

provided data from 35 countries, with 16 countries having more than one study. One SDG region
(Europe and Northern America) accounted for 31 (48%) of the studies. No prevalence data were
found from three SDG regions (Northern Africa and Western Asia, Central and Southern Asia, and
Oceania [excluding Australia and New Zealand]). 36 (55%) studies were from high-income coun-
tries and only six (9%) studies were from low or lower-middle-income countries (table 2).



The data included in the analysis came from prevalence surveys, case-control studies, and cohort
studies conducted in a range of populations, including university students, the military, different
occupational groups, participants of circumcision trials, outpatient clinics, and asymptomatic men
attending STI or sexual health services (table 1). Of the 62 studies with information on date of
specimen collection, 30 (48%) had samples collected before 2006, 25 (40%) between 2006 and
2013, and only seven (11%) from 2014 or later. 32 (49%) of 65 studies sampled at least the pe-
nile shaft and the glans of the penis or coronal sulcus. The most sampled genital anatomical sites
were glans of the penis and corona sulcus (44 [68%] studies) and the penile shaft (32 [49%)]
studies); prepuce, foreskin, or frenulum (22 [34%] studies); the urethra or meatus (21 [32%)]
studies); and the scrotum (19 [29%] studies).

The estimated overall HPV prevalence (of any type) among men was 31% (95% CI 27-35) with
study-specific prevalences ranging from 1% to 84% (Table 1, Table 2; appendix 3 p 12). The
pooled prevalence estimates for any HPV, HR-HPV, HPV-16, and HPV-6 are shown in table 2; forest
plots for the 56 studies with data for HR-HPV, any HPV, HPV-16, and HPV-6 are shown in appendix

The overall prevalence of HR-HPV was 21% (95% CI 18-24) with study-specific prevalences rang-
ing from 1% to 75%. Globally, HPV-16 was the most frequent HR-HPV type at 5% (95% CI 4-7) fol-
lowed by types 51 (3%, 3-4), 52 (3%, 2-3), 59 (2%, 2-3), and 18 (2%, 2-3; figure 2; appendix 3 p
6). HPV-6, a non-HR-HPV type, was the second most prevalent HPV type globally (4%, 95% CI 3-5;
table 2, figure 2; appendix 3 p 6). The pooled prevalence was 7% (95% CI 6-8) for the HPV types
found in the two-valent vaccine, 11% (95% CI 9-13%) for the four-valent vaccine, and 16% (95%
CI 14-18%) for the nine-valent vaccine (appendix 3 p 7).

47 studies (39 183 individuals) had sufficient age-specific information to estimate prevalence by
age (figure 3). The age-specific prevalence curves show a high prevalence of HPV in young adult
men, which remains high throughout adulthood. Prevalence was highest in people aged 25-29
years for any HPV (35%, 95% CI 30-41), HR-HPV (24%, 19-29), and HPV-16 (6%, 5-9).
Prevalence in people aged 15-19 years was also high (28% [95% CI 24-32] for any HPV; 20%
[17-23] for HR-HPV; and 3% [2-4] for HPV-16). HPV-16 age-specific prevalence curves for HR-
HPV in Eastern and South-Eastern Asia and Europe and Northern America reflect upward preva-
lence from ages 15 years to 20 years followed by stable prevalence in older age groups, whereas
in Latin America and the Caribbean and Sub-Saharan Africa, the curves appear to trend down-
wards after they peak (figure 3).

There were sufficient data to generate regional estimates for five SDG regions. The pooled preva-
lence for any HPV was highest in Sub-Saharan Africa (37%, 95% CI 26-49), followed by Europe
and Northern America (36%, 32-41; table 2). The lowest prevalence was in Eastern and South-
Eastern Asia (15%, 95% CI 11-21) and was the only regional prevalence estimate that was signifi-
cantly different from the others. The same pattern is true for HR-HPV; for all ten of the studies
from Eastern and South-Eastern Asia, the prevalence of HR-HPV was 10% (95% CI 7-13), below
the global pooled HR-HPV prevalence (21%, 18-24; table 2; appendix 3 p 11). Although there
were no significant differences, the pooled prevalence for any HPV, HR-HPV, and HPV-16 was




slightly higher in high-income countries than in low-income and middle-income countries; for ex-
ample, the prevalence of any HPV was 34% (95% CI 29-39) in high-income countries and 28%
(22-34) in low-income and middle-income countries (table 2).

Figure 2 shows 14 HPV types (ie, the 12 main HR-HPV types, HPV-6, and HPV-11) by region. HPV-
16 was the most common HPV type in four of five regions. The exception was Eastern and South-
Eastern Asia, where HPV-6 was the most prevalent, although the 95% Cls were wide. The second
most common HPV types were HPV-51 in Europe and Northern America, HPV-6 in Sub-Saharan
Africa and Latin America and the Caribbean, and HPV-16 in Eastern and South-Eastern Asia.

Studies had a median HR-HPV prevalence of 20% (IQR 12-29; appendix 3 p 8) with significant het-
erogeneity across the studies (I?=98%, p<0-0001; appendix 3 p 11). No study size effects were ob-
served (appendix 3 p 9), and an influence analysis did not show influential studies in the overall
estimate. The Egger test had a p value of 0-92, and the adjusted overall HR-HPV prevalence using
both the observed and imputed potentially non-published studies was 24% (95% CI 21-27) ver-
sus 21% (18-24) using observed data only (appendix 3 p 16). Similar results were observed for
any HPV (I?=99%, p<0-0001), HPV-16 (I*=95%, p<0-0001), and HPV-6 (I?=97%, p=0-027; appen-
dix 3 pp 12-14).

We performed subgroup meta-analyses for nine variables looking at the prevalence of any HPV,
HR-HPV, HPV-16, and HPV-6 (appendix 3 p 9). No differences were observed by sample size, risk
of bias score, inclusion of men recruited from STI or sexual health clinics, start year of data collec-
tion, method of sampling, or age. For any HPV, significant between-group heterogeneity was ob-
served for three variables: Eastern and South-Eastern Asia compared with the other regions
(p<0-0001), anatomic sites sampled (p=0-001), and number of HPV types tested in the HPV detec-
tion test (p<0-0001). Overall, any HPV prevalence was lower in studies from Eastern and South-
Eastern Asia (15%, 95% CI 11-21%) than in studies from other regions (34%, 30-38). Prevalence
was significantly greater in studies that sampled at least the penile shaft and the glans penis or
coronal sulcus (37%, 95% CI 31-42) than in studies that did not (24%, 20-30). As expected, and
as a proxy of the HPV detection method (table 1), the prevalence of any HPV increased with the
number of HPV types tested for, from 20% (95% CI 15-25) in studies that tested for eight to 15
HPV types, 25% (18-33) in those that tested for 16 to 26 HPV types, and to 38% (33-43) in those
that tested for more than 26 HPV types. After adjusting for geography, anatomical sites sampled,
and number of HPV types tested for, any HPV prevalence was 29% (95% CI 26-33). Similar results
were observed for HR-HPV and HPV-16. For HR-HPV, after adjusting for geography and anatomi-
cal sites sampled prevalence was 19% (95% CI 17-22). For HPV-16, after adjusting for geography,
anatomical sites sampled, and number of HPV types included in the assay, prevalence was 5%
(95% CI 4-6).

Discussion

We estimated the global pooled prevalence for genital HPV infection among men to be 31% (95%
CI 27-35) for any HPV and 21% (18-24) for HR-HPV on the basis of data from 65 studies (includ-

ing 44 769 men) conducted between Jan 1, 1995, and June 1, 2022.2627,28,29,30,31,32,33,34, 35, 36,
37,38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53, 54,55, 56,57, 58,59, 60, 61, 62, 63, 64, 65, 66,67, 68,69,70,71,



72,73, 74,75,76, 77,78 79,80, 81,82, 83, 84, 85, 86,87, 88, 89, 90 HpV-16 was the dominant HPV type (5%, 95%
CI 4-7), followed by HPV-6 (4%, 3-5). The age-specific analysis showed a high prevalence of HPV
in young adult men, which remained high throughout adulthood. These estimates are consistent
with the hypothesis that sexually active men, regardless of age, are at risk of HPV-related morbid-
ity and are a reservoir of sexually transmissible HPV infection.

Globally in men, as in women, the most common oncogenic and preventable HPV type is HPV-16.2
The roll-out of HPV vaccination in young women, and increasingly in young men, is beginning to
have a beneficial effect on reducing the prevalence of the specific genotypes targeted by the differ-
ent HPV vaccines and on HPV-related disease in men and women.2L Three HPV vaccine formula-
tions are available on the market: two-valent (HPV types 16 and 18), four-valent (HPV types 6, 11,
16, and 18), and nine-valent (HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58). All three vaccine for-
mulations target HPV-16 and HPV-18, the two HR-HPV types that are most often associated with
HPV-related cancers.® By 2022, 45 countries were providing HPV vaccination for boys.2% 23 And,
as a result of the synergy of the protective effects of vaccinating boys and girls, mathematical mod-
elling studies suggest that the HPV types targeted by the different HPV vaccines could be elimi-

nated from circulation with gender-neutral vaccination.2*

HPV prevalence in men peaked in the group aged 25-29 years and remained high until at least
age 50 years. Prevalence in the group aged 15-19 years was also high, suggesting that young men
are being infected rapidly following first sexual activity. These estimates are consistent with data
from studies on the natural history of HPV infection in men, which show stable rates of detection
of incident genital HPV across age groups and low seroconversion rates following HPV infection,
suggesting that men remain susceptible to HPV infection across the lifespan.2> 28 This age profile
of infection in men is different from the profile in women, for whom genital HPV prevalence peaks
soon after first sexual activity and declines with age, with a slight rebound after age 50-55 years

(ie, often after or around the time of menopause) in some populations.2Z 28

Regional pooled prevalence estimates for the five SDG regional groupings with data were similar
apart from for Eastern and South-Eastern Asia. Eastern and South-Eastern Asia had the lowest
pooled prevalence for both any HPV (15%, 95% CI 11-21) and HR-HPV (10%, 7-13). These re-
sults mirror the lower HPV prevalence reported in women in Asial> 28 and among Asian men
compared with other world regions and the global population.2? A prominent presence of HPV-35
in Sub-Saharan Africa was also confirmed (figure 2). HPV-35 has been consistently identified to be
more prevalent among African women or women of African descent, with a greater contribution
to cancers and precancerous lesions than in women from other regions. 22100 101

Our estimates are based on a systematic review of published prevalence surveys and unpublished
data shared by study authors. Few studies provide data for heterosexual men (65 studies from 35
countries), whereas the amount of data available for women is much higher, and over half of the
studies (55%) included were from high-income countries. To be eligible for inclusion, studies were
required to have collected samples in 1995 or later, and only seven (11%) studies included speci-
mens collected in 2014 or later. Therefore, our estimates do not reflect the effect of the roll-out of



HPV vaccination in women on the prevalence of HPV in men,2% 22 21 byt the prevalence in general

populations of men before HPV-vaccinated cohorts reached adult ages, either with girls-only or
gender-neutral strategies.

One of the major efforts made when selecting studies was to select studies that could be viewed as
representative of the general male population of the country. There was high heterogeneity ob-
served in HR-HPV prevalence in the studies, with values ranging from 1% to 75% (appendix 3 p
9). High heterogeneity has also been noted in studies in women.1> We excluded studies done ex-
clusively, or primarily, in men who have sex with men, men living with HIV, and men with signs or
symptoms of HPV-related disease and studies conducted solely in men who were circumcised.
These men, however, are included in many of the studies as part of the general population.
Regarding including studies conducted in STI clinics, as long as the study population met the selec-
tion criteria (appendix 3 p 2), our sensitivity analyses (appendix 3 p 9) identified no significant dif-
ferences in HPV prevalence between study settings (STI clinic vs others) or differences by risk of
bias. Most studies combined samples from more than one anatomical location; 49% of studies in-
cluded at least the penile shaft and the glans penis or coronal sulcus as recommended? (table 1,
appendix 3 p 9). We were limited in our ability to compare data across studies by differences in
the numbers of HPV types tested for and specific anatomical sites sampled (appendix 3 p 9) and
were not able to evaluate HPV prevalence by circumcision status, as only 26 of 65 studies pro-
vided stratified data by this variable. We could not evaluate the sensitivity of HPV sampling of
abraded skin, the yield from specific genital locations, or sampling at more than one timepoint to
discern contamination versus sustained infection. Despite these limitations, the pooled estimates
serve to establish mean benchmark prevalences that can inform prevention strategies.

Global and regional pooled estimates provide us with mean baseline values for HPV prevalence in
general populations of men. Our study draws attention to the high prevalence, ranging from 20%
to 30% for HR-HPV in men across most regions, and the need for strengthening HPV prevention
within overall STI control efforts. It also emphasises the scarcity of HPV data among men from
some parts of the world and the importance of expanding HPV prevalence surveys in these areas
to inform and measure the effects of prevention efforts. Incorporating HPV vaccination for adoles-
cent males into national immunisation schedules can be further considered as vaccine supplies al-
low and single-dose strategies are assessed.1?2 Future epidemiological studies are needed to mon-
itor trends in prevalence in men, especially considering the roll-out of HPV vaccination in girls and
young women and that many countries are beginning to vaccinate boys.

Data sharing

All datasets generated and analysed, including the search strategy, list of the included and ex-
cluded studies, data extracted, and quality assessment, are available in the Article and on request
from the corresponding author. On request, the statistical source code is available in the IDIBELL
repository.
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Figure 1
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PRISMA flow diagram

*4938 records were excluded during the screening of publication titles and 352 records were excluded during the screening

of abstracts.



Table 1

Studies included reporting prevalence of genital HPV in men by UN Sustainable Development Goals regional grouping

Study Recruitment Study Study Age Selection of Specimen HPV (&~
years population design range, study sample sites meth
or setting years population
Australia and New Zealand (Oceania)
Australia Machalek 2014-16 Sexual health  Cross- 16 to Convenience Glans, corona, PCR-F
etal clinics, sectional 35 foreskin, and PGMY
(2017)25" general shaft test (1
practice Molec
clinics, and Alam¢
outreach using and L:
Facebook HPV (
(Roch
Syster
CA, U!
Eastern and South-Eastern Asia
China Tang et al 2003-04 STI clinic Cross- 18 to Convenience Urethra PCR-M
(2006)28 sectional 70 restri
lengtt
polyn
China He et al 2007-09 Rural Cross- 25 to Cluster Glans, corona, PCR-S
(2013)4L" community sectional 65 shaft, and
scrotum
China Wei et al 2014 Urban Cross- 18 to Convenience Glans, corona,  PCR-C
(2016)88" community sectional 55 penile,
perianal, and
anal canal
China Zhangetal 2013 Rural Cross- <30to Convenience Urethra Hume
(2018)2" community  sectional >50% Papill
Genot
Chips
Pharn
Shenz v
4 G — 4

HPV=human papillomavirus. HR-HPV=high-risk HPV. NR=not reported. STI=sexually transmitted infection.

*Authors provided additional information.



fData were reported from men younger than 30 years, men aged 30-49 years, and men aged 50 years or older; the full range

of ages included was not reported.

*To exclude HPV-vaccinated cohorts, only data for people aged 20-59 years were considered.



Table 2

Meta-analyses of studies reporting prevalence of any HPV, HR-HPV, HPV-16, and HPV-6 by region and income classification

Any type HR-HPV HPV-16
Number Number HPV Number Number HPV Number Number HPV
of of men prevalence, of of men prevalence, of of men prey
studies % (95% studies % (95% studies % (¢
cn cn CI)
Region
Global” 65 44769  31% (27- 56 41617  21% (18- 54 41482 5%
35) 24)
Australia and New 1 511 28% (24- 1 511 19% (16— 1 511 3% |
Zealand (Oceania) 32) 23)
Eastern and 11 10335 15% (11- 10 10030 10% (7-13) 9 10110 2%
South-Eastern 21)
Asiat
Eastern 10 9946 15% (10- 9 9641 9% (6-12) 8 9721 2% |
Asia 20)
Europe and 31 16 074  36% (32- 26 13947  24% (20- 27 13577 7%
Northern 41) 28)
America¥
Europe 19 8911 31% (25- 16 7412 22% (17- 16 6732 6% |
37) 28)
Northern 13 7163 45% (38- 11 6535 27% (21- 12 6845 9% |
America 51) 32)
Latin Americaand 15 9028 30% (21- 12 8308 22% (16- 10 8463 7% |
the Caribbean 40) 29)
Central 7 4090 26% (13- 7 4090 16% (8-26) 5 3923 5% |
America 41)
South 8 3637 34% (19- 5 2917 31% (21- 5 3239 11%
America 50) 43)
Sub-Saharan 10 8558 37% (26— 10 8558 25% (18- 10 8558 4% |
Africa 49) 32)
Eastern 6 5551 38% (23- 6 5551 24% (15- 6 5551 5% |
Africa 55) 35)

< G

UN Sustainable Development Goals regional or subregional groupings were used for regional classification and World Bank

income classification was used for income level. HR-HPV=high-risk HPV. HPV=human papillomavirus.

“The number of studies in each region does not add to the global number of studies because Vardas et al® and Sudenga et

alZ2 included more than one country or region.

4



fThe number of studies in Eastern Asia is different to the number of studies in Eastern and South-Eastern Asia because

subregional estimates were generated only for studies in the subregions for which the total number of men was at least 500,

which excluded one study in South-Eastern Asia. %8

#Vardas et al®Y was included in both subregions of Europe and Northern America but is counted only once for the region of

Europe and Northern America.
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Pooled prevalence of HR-HPV types, HPV-6, and HPV-11 in men by region

Regions are defined by the UN Sustainable Development Goals regional or subregional grouping. Europe and Northern
America are shown separately, and Central America and South America were the only subregions for Latin America and the
Caribbean. HR-HPV types were defined as types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59. HPV types are ranked by
prevalence. Error bars represent the 95% CIs. Numbers of studies with available data for each HPV type and the number of

men for whom data were contributed are shown in appendix 3 (p 6). HR-HPV=high-risk HPV. HPV=human papillomavirus.



Figure 3

Age-specific prevalence of genital HPV infection in men
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Global (A) and regional (B) prevalence of any HPV, HR-HPV, and HPV-16 by age group. Areas represent 95% Cls. Regions are

defined by the UN Sustainable Development Goals regional or subregional grouping. Europe and Northern America are

shown separately, and Central America and South America were the only subregions for Latin America and the Caribbean.

The number of studies for which age-specific data were available, the number of men for whom data were contributed, and



