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ABSTRACT
Objectives Men who have sex with men (MSM) 
have an increased risk of human papillomavirus (HPV) 
infection and related diseases compared with men who 
have sex exclusively with women. From April 2018, there 
has been a phased roll- out of HPV vaccination offered to 
MSM aged up to 45 years old who are attending sexual 
health clinics and HIV clinics in England. The vaccine 
is most effective if delivered prior to HPV infection. 
We estimated the proportion of MSM with no current 
vaccine- type infection and no serological evidence of 
prior infection, in a study undertaken prior to vaccine 
introduction.
Methods We conducted a cross- sectional study among 
484 MSM aged 18–40 years old who attended a sexual 
health clinic in London between 2010 and 2012. We 
estimated the prevalence of current and past infection 
by testing for HPV DNA in anogenital samples and for 
serum antibodies to HPV16 and HPV18.
Results The median age was 30 years (IQR 25–35). 
The prevalence of HPV16 and HPV18 DNA was 13.2% 
and 6.2%, respectively. Seropositivity for HPV16 and 
HPV18 was 28.5% and 17.1%, respectively, with 11.4% 
seropositive for both types. Seropositivity for the same 
HPV type was strongly associated with anogenital DNA 
detection. 279 MSM (57.6%) tested negative for both 
HPV16 and HPV18 serology and were DNA negative for 
these two types; only 5 MSM (1.0%) were seropositive 
and DNA positive for both HPV types.
Conclusions This is the first study to determine both 
the prevalence of HPV DNA in anogenital samples and 
HPV seroprevalence among MSM attending a sexual 
health clinic in the UK. Over half of MSM in this study 
had no evidence of a previous or current infection 
with either of the high- risk HPV types included in the 
quadrivalent vaccine, which supports the rationale for 
opportunistic HPV vaccination of MSM attending sexual 
health clinics.

INTRODUCTION
In the UK, the National Human Papillomavirus 
(HPV) Immunisation Programme was introduced in 
2008 for girls aged 12–13 years, with a catch- up 
programme up to 18 years old. Initially the biva-
lent vaccine was used, which protects against two 

of the high- risk types, HPV16 and HPV18, associ-
ated with cancers of the cervix, vulva, vagina, anus, 
penis and oropharynx.1 Since 2012, the national 
programme has used the quadrivalent vaccine, 
which protects against HPV16 and HPV18, as well 
as the low- risk types HPV6 and HPV11, which are 
responsible for the vast majority of genital warts.2 
The vaccines are prophylactic and hence are most 
effective if given prior to exposure to HPV infec-
tion. The presence of a current HPV infection is 
evidenced by detectable HPV DNA. Not all indi-
viduals who have a natural infection will serocon-
vert for that HPV type. However, where there is 
serological evidence of HPV infection, this could 
indicate either a current infection or past infection. 
Both HPV DNA infection and HPV seropositivity 
for vaccine types can reduce the efficacy of vaccina-
tion.3 Therefore, it is important to understand the 
HPV DNA prevalence and HPV seroprevalence of 
a population prior to recommending a vaccination 
strategy. Serological studies directly contributed to 
the cost- effectiveness modelling that informed the 
introduction of female HPV vaccination in the UK.4 
The high coverage achieved in the female vaccina-
tion programme in the UK has been shown to have 
a substantial impact on the prevalence of vaccine- 
type HPV infection in women in England5 and Scot-
land.6 Furthermore, data from England, Australia 
and elsewhere suggest a herd protection effect, with 
a decline in the incidence of genital warts among 
young women and heterosexual men.7–10 However, 
men who have sex with men (MSM) are likely to 
have little or no herd protection from vaccinating 
only women and will continue to have a high risk of 
HPV infection and related diseases.11 12

We have previously published data on the preva-
lence of current HPV infection, determined by HPV 
DNA detection, among MSM attending a London 
sexual health clinic.11 These data informed the 
mathematical models used to estimate the impact 
and cost- effectiveness of HPV vaccination of MSM 
in England.13 Subsequently, in November 2015, the 
Joint Committee on Vaccination and Immunisation 
advised that a targeted programme of HPV vacci-
nation for MSM aged up to 45 years old attending 
specialist sexual health services or HIV clinics in the 
UK should be introduced, if it could be delivered 
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cost- effectively.14 Following this advice, a pilot programme was 
implemented in 42 clinics across England, with the first clinic 
starting vaccination in June 2016. Following the success of the 
pilot, it was announced that there would be a phased national 
roll- out of the programme from April 2018. The impact of vacci-
nation of MSM on rates of HPV infection and related diseases 
will depend on the proportion of eligible MSM with a current 
or previous HPV infection. We present here HPV16 and HPV18 
seroprevalence in the same population of MSM to better esti-
mate the potential benefit of vaccination in this setting.

METHODS
We conducted a cross- sectional survey including men aged 18–40 
years old who reported anal or oral sex with another man in the 
last 5 years and who attended the Mortimer Market Centre in 
London between October 2010 and July 2012. Participants were 
asked to complete a computer- assisted self- interview question-
naire which included demographics, sexual behaviour, history 
of STIs, knowledge of HPV and attitudes towards HPV vaccina-
tion. At the same visit, specimens were collected for HPV DNA 
testing. Full details of sampling and HPV DNA testing have been 
previously published.11 In brief, two swabs were taken, one anal 
and one from the glans of the penis/coronal sulcus, penile shaft, 
scrotum and perianal area (external genital). Specimens were 
tested for type- specific HPV DNA using an inhouse multiplex 
PCR and Luminex- based genotyping test to detect 20 HPV types 
(high- risk types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 
68; possible high- risk types: 26, 53, 70, 73, 82; and low- risk 
types: 6, 11).

A blood sample was also taken at the same time as the genital 
specimens and used to produce two aliquots of serum stored 
at −20°C before transportation on dry ice to Public Health 
England Vaccine Evaluation Unit, Manchester. Serum specimens 
were tested for IgG to HPV16 and HPV18 using a type- specific 
ELISA as described previously.15 Results are expressed as ELISA 
units per millilitre (EU/mL) by reference to a standard, with cut- 
offs for detection of 19 and 18 EU/mL for HPV16 and HPV18, 
respectively.

The association between type- specific HPV DNA detection 
(at any anogenital site) and HPV seropositivity was explored 
using logistic regression. This analysis was performed separately 
for HPV16 and HPV18. Regression analyses were adjusted for 
demographic and sexual behaviour variables which potentially 
confounded the association between HPV DNA detection and 
HPV seropositivity (the final model for both HPV types was 
adjusted for by age and lifetime number of male sexual partners, 
categorised as <20 men, 21–30 men, 31–100 men, 101–500 
men and more than 500 men).

RESULTS
A total of 522 MSM participated in the study. These analyses are 
restricted to the 484 (92.7%) MSM with at least one adequate 
anal/external genital swab and a blood sample. The median age 
was 30 years (IQR 25–35). Demographic and behavioural char-
acteristics of study participants are shown in table 1. The preva-
lence of high- risk HPV DNA detection in anogenital swabs was 
47.3% (n=229; 95% CI 42.9% to 51.8%). HPV16 and HPV18 
prevalence was 13.2% (95% CI 10.5% to 16.6%) and 6.2% 
(95% CI 4.4% to 8.7%), respectively; 1.5% (95% CI 0.7% to 
3.0%) of MSM were HPV DNA positive for both HPV16 and 
HPV18. Full details of the HPV DNA prevalence data have been 
previously published.11

The concordance between HPV DNA detection and type- 
specific seropositivity is shown in table 2 and figure 1. Of the 
484 participants, 28.5% (n=138) were seropositive for HPV16, 
17.1% (n=83) for HPV18 and 11.4% (n=55) seropositive for 
both HPV types. Around two- thirds of MSM (n=318; 65.7%) 
were seronegative for both HPV16 and HPV18.

Of the 138 MSM who were seropositive for HPV16, 37 
(26.8%) had concurrent HPV16 DNA detected and only 12 
(8.7%) had HPV18 DNA detected (table 2). Seropositivity for 
HPV16 was associated with anogenital HPV16 DNA detec-
tion (OR 4.33; 95% CI 2.51 to 7.46). Similarly, of 83 MSM 
who were seropositive for HPV18, 12 (14.4%) had concurrent 
HPV18 DNA detected while 17 (20.5%) had HPV16 DNA 
detected (table 2). Seropositivity for HPV18 was also associated 
with anogenital HPV18 DNA detection (OR 3.60; 95% CI 1.66 

Table 1 Patient characteristics and sexual behaviour among MSM 
with valid blood sample and at least one eligible anal/external genital 
sample

n (%)

Age group (years)

  18–20 16 (3.3)

  21–25 114 (23.6)

  26–30 122 (25.2)

  31–35 134 (27.7)

  36–40 98 (20.3)

Ethnicity

  White 358 (76.7)

  Black 28 (6)

  Asian and South- East Asian 34 (7.3)

  Mixed/other 47 (10.1)

Country of birth

  UK 220 (46.8)

  Outside of UK 250 (53.2)

Smoker

  No 330 (70.4)

  Yes 139 (29.6)

Alcohol use†

  No- risk drinking 162 (34.8)

  Risk drinking 303 (65.2)

Currently employed

  No 102 (21.7)

  Yes 368 (78.3)

Years of education since 16 years of age

  None 12 (2.6)

  Up to 2 years 57 (12.1)

  3 years or more 319 (67.9)

  Currently studying 82 (17.5)

Sexual orientation

  Straight/heterosexual 0 (0)

  Gay/homosexual 427 (91)

  Bisexual 42 (9)

Total lifetime male sex partners*

  ≤30 161 (34.3)

  31–100 161 (34.3)

  101–500 148 (31.5)

HIV- positive

  No 459 (94.8)

  Yes 25 (5.2)

*Includes oral and anal partners.
†Alcohol use disorders identification test (AUDIT- C)
MSM, men who have sex with men.
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to 7.79). Only five MSM (1.0%) were both seropositive for both 
HPV16 and HPV18 and DNA positive for both viruses.

No evidence of either current or past HPV16 or HPV18 infec-
tion was found in 57.6% of MSM (n=279).

DISCUSSION
We present the results of tests for serum HPV antibody against 
two high- risk HPV types in a population of MSM attending a 
London sexual health clinic who were also tested for anogen-
ital HPV DNA. Compared with data on HPV DNA prevalence 
alone, this provides a more precise estimate of the potential 
benefit of vaccinating this population. Over half of the MSM 
had no evidence of either a previous or current HPV16 or 
HPV18 infection, based on the results of both HPV DNA and 
serology. Around one- third (35.0%) had antibody to either or 
both HPV types, and a further 8.2% had detectable HPV DNA 
but negative serology.

This is the first study to relate the prevalence of HPV DNA 
and HPV type- specific antibody among MSM in England, and 
importantly was conducted among sexual health clinic attenders 
who would now be eligible to receive the HPV vaccine. A major 
strength of the study was that we compared HPV DNA prev-
alence at multiple genital sites with HPV seroprevalence using 
samples collected at the same time. We found that the majority 
of seropositive MSM were DNA negative for the same HPV 
type, suggesting that they either had an infection which was 
undetected at the time or they had a previous HPV infection 
that was cleared.

Not all men will seroconvert following a natural infection 
with an HPV type, although studies of HPV seroprevalence 
among MSM16–18 have demonstrated that this is higher than 
seroprevalence among men who have sex with women.17 19 20 
This is likely in part to be due to higher risk sexual behaviour 
and in part due to the site of infection, with evidence that infec-
tion of the mucosal epithelium of the anal canal may be more 
likely to induce an antibody response, compared with infection 
of the external genitalia, which usually involves keratinised squa-
mous epithelium. This is supported by the observation that HPV 
seropositivity was associated with anal HPV infection, but not 
external genital infection.18 21 22

HPV vaccines are licensed for prophylaxis, but not for therapy 
of existing infections, and it has been shown that men with no 
current HPV infection but who are seropositive for an HPV type 
at the time of vaccination have a reduced vaccine efficacy against 
that specific type compared with those who are seronegative.3 
However, MSM with evidence of present or past infection with 
some, but not all, vaccine- type HPV infections still could benefit 
from vaccination to protect against those types that they have 
not already been infected with, particularly if their risk of HPV 
infection remains high. It is not clear whether vaccination of 
those with a prior infection has an impact on reinfection with 
the same HPV type, although there is evidence to suggest that the 
immune response to natural infection differs in both specificity 
and B cell memory from that induced by vaccination.23 24 A study 
in patients with genital warts, caused by low- risk HPV types, has 
provided some evidence for an effect on both wart clearance 
and reduction in wart recurrence, but in this randomised trial 
the CIs were wide and the differences did not reach statistical 
significance.25

The HPV DNA prevalence data included in this paper 
have been published previously.11 There are several published 
reports on the prevalence of HPV infection among MSM in 
different countries. Two systematic reviews, one considering 
anal infection and one oral infection, found an association 
between HPV infection in MSM and HIV seropositivity.26 27

It is plausible that MSM not attending a sexual health clinic 
could have a lower risk of HPV infection, or conversely MSM 
with limited access to healthcare may have a higher risk of infec-
tion and related diseases. The heterogeneity of HPV DNA prev-
alence and seroprevalence in different settings and countries 
highlights the importance of determining this in MSM attending 
sexual health clinics where vaccination may be offered. MSM 
included in our study were attending a large London- based 
sexual health clinic and reported high levels of sexual risk behav-
iour; around two- thirds of men had had more than 30 lifetime 
male sex partners and over 80% of men have more than 20 
male sex partners. MSM in this study may therefore be at higher 
risk of HPV infection than MSM attending some other clinics, 
or those not attending other health services, such as primary 
care. The proportion of MSM with no evidence of a current or 

Table 2 Concordance between HPV DNA detection and HPV seroprevalence for HPV16 and HPV18 among eligible MSM

Seroprevalence

HPV DNA detection

HPV16- negative/HPV18- 
negative

HPV16- positive/HPV18- 
negative

HPV16- negative/HPV18- 
positive

HPV16- positive/HPV18- 
positive

Seronegative for both HPV16 and HPV18 279 (57.6) 25 (5.2) 13 (2.7) 1 (0.2)

HPV16 seropositive and HPV18 seronegative 58 (12.0) 21 (4.3) 4 (0.8) 0 (0.0)

HPV16 seronegative and HPV18 seropositive 24 (5.0) 0 (0.0) 3 (0.6) 1 (0.2)

Seropositive for both HPV16 and HPV18 36 (7.4) 11 (2.3) 3 (0.6) 5 (1.0)

Total 397 57 23 7

Number in brackets represents percentage of the total eligible samples (N=484).
Grey shaded cells are the numbers with fully concordant serology and HPV DNA detection results.
HPV, human papillomavirus; MSM, men who have sex with men.

Figure 1 HPV DNA infection and HPV seropositivity among 484 men who have sex with men. HPV, human papillomavirus.
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previous HPV infection may therefore be a minimum estimate 
of those likely to benefit from vaccination. However, one limi-
tation of this study was the relatively low number of MSM who 
were known to be HIV- positive, who have a higher prevalence of 
HPV DNA and HPV seropositivity. Another limitation was that 
we did not have sufficient power to compare seropositivity rates 
with prevalent HPV infection at specific anatomical sites.

The data on the prevalence of HPV DNA infection have 
informed the mathematical models used to estimate the 
impact and cost- effectiveness of HPV vaccination of MSM 
in England.13 These models, along with the data on the rela-
tionship between seropositivity and DNA detection, may be 
of interest to other countries considering implementation of a 
targeted MSM vaccination programme. In the UK, it has subse-
quently been decided to extend HPV vaccination to adolescent 
men as part of the National HPV Immunisation Programme. 
Routine vaccination will be offered to boys aged 12–13 years 
in a school- based programme, as for the girls. Over time this 
will start to impact on HPV infection rates in MSM, but this 
will take decades to substantially benefit the majority of MSM. 
There is still expected to be continued benefit in having a 
targeted MSM programme to reduce rates in older MSM and 
those who missed getting vaccinated in school or who have 
moved to the UK after age 13.

These data provide information on the proportion of men 
attending sexual health clinics who are likely to benefit from 
vaccination. It is encouraging that, in our study, the majority of 
MSM aged 18–40 years old have no detectable HPV DNA and 
no serological evidence of exposure to HPV infection despite 
reporting high rates of sexual risk behaviours. This supports the 
rationale for opportunistic HPV vaccination of MSM attending 
sexual health clinics.

Key messages

 ► From April 2018, human papillomavirus (HPV) vaccination 
has been offered to men who have sex with men (MSM) 
aged up to 45 years old attending sexual health clinics and 
HIV clinics in England.

 ► We present the results from a cross- sectional study including 
484 MSM aged 18–40 years old attending a sexual health 
clinic in London between 2010 and 2012.

 ► HPV16 and HPV18 DNA prevalence was 13.2% and 6.2%, 
respectively.

 ► Seropositivity for HPV16 and HPV18 was 28.5% and 17.1%, 
respectively; 11.4% seropositive for both types.

 ► Over half of the MSM in this study had no evidence of a 
previous or current infection with either HPV16 or HPV18.

Handling editor Joseph D Tucker

Acknowledgements We thank Cath Mercer for advice on questionnaire design 
and Carmel Young for recruitment and data collection.

Contributors EMK, RG, PS, MJ and KS informed the initial design of the 
study. EMK coordinated the recruitment and data collection. SB and KP tested 
the anogenital swabs for HPV DNA infection. RB and EL tested the serology 
specimens for HPV antibodies. EMK and DM designed and performed the data 
analysis and interpreted the results. EMK, DM, PS and RG wrote the first version 
of the manuscript. All authors have reviewed and approved the manuscript. 
GlaxoSmithKline Biologicals SA was provided the opportunity to review a preliminary 
version of this manuscript for factual accuracy, but the authors are solely responsible 
for final content and interpretation.

Funding GlaxoSmithKline SA supplied all assay critical reagents and virus- like 
particles (VLPs). EMK was funded on a Medical Research Council studentship. The 
study was supported in part by funds from the National Institute for Health Research 

(NIHR). MJ was supported by the National Institute for Health Research Health 
Protection Research Unit (NIHR HPRU) in Immunisation at LSHTM in partnership with 
PHE.

Competing interests RB and EL declare they perform contract research on 
behalf of Public Health England for the GSK group of companies, Pfizer and Sanofi 
Pasteur. The Blood Safety, Hepatitis, Sexually Transmitted Infections (STI) and HIV 
Service at Public Health England (DM and KS) has provided GSK with postmarketing 
surveillance reports on HPV infections. A cost recovery charge is made for these 
reports. RG reports grant (PhD studentship) from the Medical Research Council, 
non- financial support (laboratory reagents) from GSK and funding (staff support for 
recruitment) from the National Institute for Health Research.

Patient consent for publication Not required.

Ethics approval The study was reviewed by the Camden and Islington Research 
Ethics Committee (REC reference number: 09/H0722/71) and received NHS approval 
(R&D ref: CSP 30296).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https:// creativecommons. org/ 
licenses/ by/ 4. 0/.

ORCID iD
David Mesher http:// orcid. org/ 0000- 0001- 9163- 6757

REFERENCES
 1 Forman D, de Martel C, Lacey CJ, et al. Global burden of human papillomavirus and 

related diseases. Vaccine 2012;30:F12–23.
 2 Hawkins MG, Winder DM, Ball SLR, et al. Detection of specific HPV subtypes 

responsible for the pathogenesis of condylomata acuminata. Virol J 2013;10:137.
 3 Giuliano AR, Palefsky JM, Goldstone S, et al. Efficacy of quadrivalent HPV vaccine 

against HPV infection and disease in males. N Engl J Med 2011;364:401–11.
 4 Jit M, Vyse A, Borrow R, et al. Prevalence of human papillomavirus antibodies in 

young female subjects in England. Br J Cancer 2007;97:989–91.
 5 Mesher D, Panwar K, Thomas SL, et al. The impact of the National HPV vaccination 

program in England using the bivalent HPV vaccine: surveillance of type- specific HPV 
in young females, 2010-2016. J Infect Dis 2018;218:911–21.

 6 Kavanagh K, Pollock KG, Cuschieri K, et al. Changes in the prevalence of human 
papillomavirus following a national bivalent human papillomavirus vaccination 
programme in Scotland: a 7- year cross- sectional study. Lancet Infect Dis 
2017;17:1293–302.

 7 Ali H, Donovan B, Wand H, et al. Genital warts in young Australians five years into 
national human papillomavirus vaccination programme: national surveillance data. 
BMJ 2013;346:f2032.

 8 Chow EPF, Read TRH, Wigan R, et al. Ongoing decline in genital warts among young 
heterosexuals 7 years after the Australian human papillomavirus (HPV) vaccination 
programme. Sex Transm Infect 2015;91:214–9.

 9 Checchi M, Mesher D, Mohammed H, et al. Declines in anogenital warts diagnoses 
since the change in 2012 to use the quadrivalent HPV vaccine in England: data to end 
2017. Sex Transm Infect 2019;95:368–73.

 10 Drolet M, Bénard Élodie, Pérez N, et al. Population- level impact and herd effects 
following the introduction of human papillomavirus vaccination programmes: updated 
systematic review and meta- analysis. Lancet 2019;394:497–509.

 11 King EM, Gilson R, Beddows S, et al. Human papillomavirus DNA in men who have 
sex with men: type- specific prevalence, risk factors and implications for vaccination 
strategies. Br J Cancer 2015;112:1585–93.

 12 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 Oncol 2012;13:487–500.

 13 Lin A, Ong KJ, Hobbelen P, et al. Impact and cost- effectiveness of selective 
human papillomavirus vaccination of men who have sex with men. Clin Infect Dis 
2017;64:580–8.

 14 Joint Committee on Vaccination and Immunisation. JCVI statement on HPV 
vaccination of men who have sex with men 2015, 2017. Available: https://www. gov. 
uk/ government/ publications/ jcvi- statement- on- hpv- vaccination- of- men- who- have- 
sex- with- men

 15 Mesher D, Stanford E, White J, et al. HPV serology testing confirms high HPV 
immunisation coverage in England. PLoS One 2016;11:e0150107.

 16 Alberts CJ, van Rooijen MS, Prins M, et al. HIV is an important risk factor for human 
papillomavirus types 16 and 18 seropositivity among sexually active men who have 
sex with men. Sex Transm Dis 2015;42:129–34.

 on January 21, 2021 by guest. P
rotected by copyright.

http://sti.bm
j.com

/
S

ex T
ransm

 Infect: first published as 10.1136/sextrans-2020-054726 on 23 D
ecem

ber 2020. D
ow

nloaded from
 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-9163-6757
http://dx.doi.org/10.1016/j.vaccine.2012.07.055
http://dx.doi.org/10.1186/1743-422X-10-137
http://dx.doi.org/10.1056/NEJMoa0909537
http://dx.doi.org/10.1038/sj.bjc.6603955
http://dx.doi.org/10.1093/infdis/jiy249
http://dx.doi.org/10.1016/S1473-3099(17)30468-1
http://dx.doi.org/10.1136/bmj.f2032
http://dx.doi.org/10.1136/sextrans-2014-051813
http://dx.doi.org/10.1136/sextrans-2018-053751
http://dx.doi.org/10.1016/S0140-6736(19)30298-3
http://dx.doi.org/10.1038/bjc.2015.90
http://dx.doi.org/10.1016/S1470-2045(12)70080-3
http://dx.doi.org/10.1093/cid/ciw845
https://www.gov.uk/government/publications/jcvi-statement-on-hpv-vaccination-of-men-who-have-sex-with-men
https://www.gov.uk/government/publications/jcvi-statement-on-hpv-vaccination-of-men-who-have-sex-with-men
https://www.gov.uk/government/publications/jcvi-statement-on-hpv-vaccination-of-men-who-have-sex-with-men
http://dx.doi.org/10.1371/journal.pone.0150107
http://dx.doi.org/10.1097/OLQ.0000000000000244
http://sti.bmj.com/


5King EM, et al. Sex Transm Infect 2020;0:1–5. doi:10.1136/sextrans-2020-054726

Epidemiology

 17 Mooij SH, van der Klis FRM, van der Sande MAB, et al. Seroepidemiology of high- risk 
HPV in HIV- negative and HIV- infected MSM: the H2M study. Cancer Epidemiol 
Biomarkers Prev 2013;22:1698–708.

 18 van Rijn VM, Mooij SH, Mollers M, et al. Anal, penile, and oral high- risk HPV infections 
and HPV seropositivity in HIV- positive and HIV- negative men who have sex with men. 
PLoS One 2014;9:e92208.

 19 Heiligenberg M, Michael KM, Kramer MA, et al. Seroprevalence and 
determinants of eight high- risk human papillomavirus types in homosexual men, 
heterosexual men, and women: a population- based study in Amsterdam. Sex 
Transm Dis 2010;37:672–80.

 20 Pamnani SJ, Sudenga SL, Viscidi R, et al. Impact of serum antibodies to HPV serotypes 
6, 11, 16, and 18 to risks of subsequent genital HPV infections in men: the HIM 
Study. Cancer Res 2016;76:6066–75.

 21 Lu B, Viscidi RP, Wu Y, et al. Seroprevalence of human papillomavirus (HPV) type 6 and 
16 vary by anatomic site of HPV infection in men. Cancer Epidemiol Biomarkers Prev 
2012;21:1542–6.

 22 Heiligenberg M, Alberts CJ, Waterboer T, et al. Route of sexual exposure is 
independently associated with seropositivity to HPV-16 and HPV-18 among clients of 
an STI clinic in the Netherlands. J Infect Dis 2013;208:1081–5.

 23 Scherer EM, Smith RA, Gallego DF, et al. A single human papillomavirus vaccine dose 
improves B cell memory in previously infected subjects. EBioMedicine 2016;10:55–64.

 24 Olsson S- E, Kjaer SK, Sigurdsson K, et al. Evaluation of quadrivalent HPV 6/11/16/18 
vaccine efficacy against cervical and anogenital disease in subjects with serological 
evidence of prior vaccine type HPV infection. Hum Vaccin 2009;5:696–704.

 25 Gilson R, Nugent D, Bennett K, et al. Imiquimod versus podophyllotoxin, with and 
without human papillomavirus vaccine, for anogenital warts: the HIPvac factorial RCT. 
Health Technol Assess 2020;24:1–86.

 26 King EM, Oomeer S, Gilson R, et al. Oral human papillomavirus infection in 
men who have sex with men: a systematic review and meta- analysis. PLoS One 
2016;11:e0157976.

 27 Marra E, Lin C, Clifford GM. Type- specific anal human papillomavirus prevalence 
among men, according to sexual preference and HIV status: a systematic literature 
review and meta- analysis. J Infect Dis 2019;219:590–8.

 on January 21, 2021 by guest. P
rotected by copyright.

http://sti.bm
j.com

/
S

ex T
ransm

 Infect: first published as 10.1136/sextrans-2020-054726 on 23 D
ecem

ber 2020. D
ow

nloaded from
 

http://dx.doi.org/10.1158/1055-9965.EPI-13-0460
http://dx.doi.org/10.1158/1055-9965.EPI-13-0460
http://dx.doi.org/10.1371/journal.pone.0092208
http://dx.doi.org/10.1097/OLQ.0b013e3181e71069
http://dx.doi.org/10.1097/OLQ.0b013e3181e71069
http://dx.doi.org/10.1158/0008-5472.CAN-16-0224
http://dx.doi.org/10.1158/1055-9965.EPI-12-0483
http://dx.doi.org/10.1093/infdis/jit295
http://dx.doi.org/10.1016/j.ebiom.2016.06.042
http://dx.doi.org/10.4161/hv.5.10.9515
http://dx.doi.org/10.3310/hta24470
http://dx.doi.org/10.1371/journal.pone.0157976
http://dx.doi.org/10.1093/infdis/jiy556
http://sti.bmj.com/

	HPV16 and HPV18 seropositivity and DNA detection among men who have sex with men: a cross-sectional study conducted in a sexual health clinic in London
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


