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Abstract
Background: Human	 papillomavirus	 (HPV)	 infection	 is	 associated	 with	 anal	
cancers	and	is	more	prevalent	in	gay,	bisexual,	and	men	who	have	sex	with	men	
(gbMSM),	partly	due	to	their	vulnerability	to	HIV	infection.	Baseline	HPV	geno-
type	distributions	and	risk	factors	can	inform	the	design	of	next-	generation	HPV	
vaccines	to	prevent	anal	cancer.
Methods: A	 cross-	sectional	 study	 was	 conducted	 among	 gbMSM	 receiving	
care	at	a	HIV/STI	clinic	in	Nairobi,	Kenya.	Anal	swabs	were	genotyped	using	a	
Luminex	microsphere	array.	Multiple	logistic	regression	methods	were	used	to	
identify	risk	factors	for	four	HPV	outcomes	(any	HPV,	any	HR-	HPV,	and	4-		and	
9-	valent	vaccine-	preventable	HPVs).
Results: Among	115	gbMSM,	51	(44.3%)	were	HIV-	infected.	Overall	HPV	preva-
lence	was	51.3%;	84.3%	among	gbMSM	living	with	HIV	and	24.6%	among	gbMSM	
without	HIV	(p	<	0.001).	One-	third	(32.2%)	had	HR-	HPV	and	the	most	prevalent	
vaccine-	preventable	HR-	HPV	genotypes	were	16,	35,	45,	and	58.	HPV-	18	was	un-
common	(n	=	2).	The	9-	valent	Gardasil	vaccine	would	have	prevented	61.0%	of	
HPV	types	observed	in	this	population.	In	multivariate	analyses,	HIV	status	was	
the	only	significant	risk	factor	for	any	HPV	(adjusted	odds	ratio	[aOR]:23.0,	95%	
confidence	interval	[95%	CI]:	7.3–	86.0,	p	<	0.001)	and	for	HR-	HPV	(aOR:	8.9,	95%	
CI:	2.8–	36.0,	p	<	0.001).	Similar	 findings	were	obtained	 for	vaccine-	preventable	
HPVs.	Being	married	to	a	woman	significantly	increased	the odds	of	having	HR-	
HPV	infections	(aOR:	8.1,	95%	CI:	1.6–	52.0,	p	=	0.016).
Conclusions: GbMSM	living	with	HIV	in	Kenya	are	at	higher	risk	of	anal	HPV	
infections	 including	 genotypes	 that	 are	 preventable	 with	 available	 vaccines.	
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1 	 | 	 INTRODUCTION

Globally,	human	papillomavirus	(HPV)	causes	anal	cancer	
in	 an	 estimated	 number	 of	 30,000	 people	 and	 one-	third	
are	in	men.1	Anal	cancer	is	rare	in	general	population,	but	
persistent	anal	infection	with	high-	risk	HPVs	can	lead	to	
increased	risk	of	anal	cancer.2–	4	The	burden	of	anal	cancer	
in	men	has	been	increasing	in	the	past	decade.5	Gay,	bisex-
ual,	and	men	who	have	sex	with	men	(gbMSM)	are	more	
likely	to	have	HPV	infection	than	women	and	heterosex-
ual	 men,	 partly	 due	 to	 their	 increased	 risk	 of	 anal	 HPV	
infection.6	 Moreover,	 as	 HIV	 infection	 is	 a	 known	 risk	
factor	for	anal	cancer	in	men,7,8	gbMSM	living	with	HIV	
are	at	an	even	greater	risk	of	multiple	HPV	infections	and	
developing	cancerous	lesions.9	A	recent	systematic	review	
estimated	an	overall	HPV	prevalence	difference	of	11.1%	
between	gbMSM	living	with	HIV	and	without	HIV.10	Anal	
cancer	incidence	rate	is	also	five	times	higher	in	gbMSM	
living	with	HIV	than	in	HIV-	negative	counterparts.11

Among	 more	 than	 50	 types	 of	 HPV	 reported	 to	 be	
spread	 through	 sexual	 contact	 and	 that	 infect	 primarily	
the	anogenital	areas,	13	high-	risk	HPV	(HR-	HPV;	HPV16,	
18,	31,	33,	35,	39,	45,	51,	52,	56,	58,	59,	and	68)	have	been	
identified	as	carcinogenic,3	and	HPV16	is	more	frequently	
identified	in	HPV-	related	anal	cancer	than	in	cervical	can-
cer.2,12	However,	HPV	prevalence	and	genotype	distribu-
tions	appear	to	vary	both	geographically	and	temporally.	
Studies	 from	several	countries	 in	sub-	Saharan	Africa	 in-
cluding	South	Africa,	 the	Central	African	Republic,	 and	
Nigeria	 indicated	 a	 higher	 prevalence	 of	 anal	 HR-	HPV	
infection,	 ranging	 from	 57.6%	 to	 82.7%	 among	 gbMSM,	
especially	in	HIV-	positive	groups.13–	15	Profiles	of	anal	HR-	
HPV	genotypes	in	Africa	were	nonetheless	diverse	and	the	
study	from	Nigeria	also	reported	an	unusual	and	unique	
profile	of	HR-	HPV	35	being	the	predominant	one.13	These	
data	 suggest	 the	 importance	 of	 characterizing	 HPV	 epi-
demiology	and	genotype	distribution	across	different	 re-
gions	 of	 Africa	 to	 further	 inform	 local	 HPV	 prevention	
strategies.

HPV	 vaccination	 and	 the	 prevention	 and	 control	 of	
HIV	 infection	 are	 two	 primary	 prevention	 strategies	 for	
mitigating	 anal	 cancer.	 The	 HPV	 vaccine	 is	 considered	
to	 be	 the	 most	 efficient	 biological	 intervention	 to	 pre-
vent	 HPV	 infection	 and	 subsequent	 diseases.16,17	 While	

HPV	vaccination	has	been	widely	incorporated	into	rou-
tine	 national	 schedules	 for	 adolescent	 girls	 and	 young	
women	 (AGYW)	 in	 at	 least	 100	 countries	 worldwide,	
most	countries,	including	Kenya,	do	not	include	gbMSM	
in	 their	 HPV	 vaccination	 programs,	 albeit	 similar	 effec-
tiveness	 against	 HPV	 infection	 and	 subsequent	 condi-
tions	in	males.17	Moreover,	current	global	immunization	
guidelines	now	recommend	HPV	vaccination	for	men	up	
to	26	years	of	age,	as	well	as	for	gbMSM	living	with	HIV	
up	to	and	including	45	years	of	age.18,19	In	view	of	the	in-
creasing	HPV-	related	anal	cancer	burden	on	gbMSM	and	
its	similarities	to	cervical	cancer,	some	have	proposed	an	
urgent	 call	 for	 Kenya	 to	 include	 the	 gbMSM	 population	
in	the	national	HPV	immunization	program.20	Hence,	this	
study	 assessed	 HPV	 prevalence,	 characterized	 genotype	
distributions,	and	explored	risk	factors	for	HPV	infections,	
with	a	particular	focus	on	vaccine-	preventable	HPV	types.

2 	 | 	 MATERIALS AND METHODS

A	 cross-	sectional	 study	 was	 conducted	 in	 2016	 among	
gbMSM	 attending	 HIV/STI	 clinics	 in	 Nairobi,	 Kenya.	
These	clinics	provide	HIV/STI	care,	in	support	of	gbMSM	
in	Nairobi	County.	Those	who	were	males	at	birth,	aged	
18	years	 and	 above,	 and	 who	 reported	 a	 history	 of	 hav-
ing	sex	with	men	were	eligible	for	inclusion	in	the	study.	
Following	informed	written	consent,	a	trained	counselor	
interviewed	 participants	 using	 a	 standardized	 question-
naire	 that	 captured	 sociodemographic	 characteristics,	
including	age,	education,	marital	status,	as	well	as	HIV-	
related	sexual	risks	information	such	as	type	and	frequency	
of	sexual	behaviors	with	different	types	of	partners,	con-
dom	use,	and	anal	douching.	After	the	interviews,	clinical	
data	and	biological	samples	 including	rectal	swabs	were	
collected	by	a	trained	clinician.

2.1	 |	 HPV testing and genotyping

Post-	enema	rectal	swabs	from	participants	were	tested	at	
the	JC	Wilt	Infectious	Diseases	Research	Lab,	National	
Microbiology	 Laboratory	 (NML;	 Winnipeg,	 Manitoba)	
using	 an	 in-	house	 microsphere	 genotyping	 assay	 that	

Our	findings	support	the	need	for	a	targeted	HPV	vaccination	campaign	in	this	
population.

K E Y W O R D S

anal	HPV,	bisexual,	gay	and	men	who	have	sex	with	men	(gbMSM),	HIV/STI,	HPV	genotypes,	
HPV	vaccination,	Kenya
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   | 3MINN OO et al.

distinguishes	 46	 mucosal	 HPV	 types.21	 HPV	 DNA	 was	
amplified	 by	 nested	 PCR	 using	 type-	common	 primers	
and	typed	by	hybridization	to	HPV	type-	specific	probes	
coupled	to	sortable	microspheres	based	on	the	Luminex	
technology,	as	previously	described.21	According	to	the	
International	 Agency	 for	 Research	 on	 Cancer	 (IARC)	
nomenclature,	there	are	13	high-	risk	types	(HR-	HPV	-	16,	
-	18,	-	31,	-	33,	-	35,	-	39,	-	45,	-	51,	-	52,	-	56,	-	58,	-	59,	and	-	68),	
6	genotypes	reported	as	possibly	carcinogenic	(HPV-	26,	
-	61,	-	66,	-	69,	-	73	and	-	82),	9	low-	risk	(LR)	types	(LR-	HPV	
-	6,	-	11,	-	40,	-	42,	-	43,	-	44,	-	53,	-	54	and	-	70),	and	other	types	
of	unknown	risk.3,13	HPV	genotypes	were	also	classified	
according	to	their	coverage	by	the	4-	valent	Gardasil	vac-
cine,	which	is	effective	against	HPV	genotypes	6,	11,	16,	
and	18,	or	by	the	9-	valent	Gardasil	vaccine,	which	is	ef-
fective	against	HPV	genotypes	6,	11,	16,	18,	31,	33,	45,	
52,	and	58.

2.2	 |	 HIV and STI testing

Rapid	 screening	 tests	 were	 used	 in	 the	 clinics	 to	 deter-
mine	HIV-	1	 infection	 status,	as	per	Kenyan	HIV	 testing	
guidelines.	 HIV-	positive	 results	 were	 confirmed	 via	 GS	
HIV	 Combo	 Ab/Ab	 EIA	 (Bio-	Rad,	 Hercules)	 and	 Avioq	
HIV-	q	Microelisa	System	(Avioq	Inc.)	at	the	JC	Wilt	lab	in	
Winnipeg,	Manitoba.	HIV	viral	loads	were	also	quantified	
using	the	RealTime	HIV-	1	viral	load	assay	(Abbott)	on	an	
automated	 m2000	 RealTime	 system	 (Promega).	 STIs	 in-
cluding	Neisseria gonorrhea	were	tested	using	the	Seegene	
Anyplex	6-	plex	kit	from	pre-	enema	rectal	swabs.

2.3	 |	 Variables and definitions

The	 primary	 outcomes	 of	 interest	 include  prevalence	 of	
HPV	 infections,	 HR-	HPV,	 multiple	 HPV	 types	 includ-
ing	 HPV-	16	 and	 -	18	 coinfection,	 and	 any	 or	 multiple	
vaccine-	preventable	 HPV	 types.	 HR-	HPV	 infection	 was	
defined	 as	 having	 one	 or	 more	 HR-	HPV	 genotypes,	 re-
gardless	 of	 being	 co-	infected	 with	 LR-	HPV	 genotypes.	
Sociodemographic	 and	 clinical	 variables	 included	 age,	
marital	 status	 (to	a	woman),	 level	of	education,	HIV	 in-
fection,	 ART	 status,	 CD4	 count,	 CD4	 percentage,	 viral	
load,	and	STI	(none,	gonorrhea,	other).	Additional	sexual	
behaviors	 include	engaging	 in	sex	work,	duration	of	 sex	
work,	 and	 number	 of	 sex	 partners	 (regular,	 casual,	 or	
transactional)	in	the	past	month	with	different	types	of	sex	
(oral,	 insertive,	 receptive)	 with	 or	 without  condom,	 and	
douching	practice.	Sexual	partners	were	defined	as	either	
regular	 (having	 a	 stable	 sexual	 relationship	 with	 a	 male	
partner	 rather	 than	 one-	off	 or	 selling	 sex	 work),	 casual	
(single	sexual	encounter	that	does	not	encompass	regular	

or	transactional	in	nature),	or	transactional	(selling	sex	in	
exchange	of	money,	material	support,	or	other	benefits).

2.4	 |	 Statistical analyses

Data	were	cleaned	and	analyzed	using	R	software	version	
4.2.1.	 Baseline	 characteristics	 were	 summarized	 by	 de-
scriptive	statistics,	including	frequency	and	proportion	for	
categorical	variables	and	median	and	interquartile	range	
(IQR)	for	continuous	variables.	Based	on	sample	distribu-
tion,	 age	 was	 categorized	 into	 two	 groups:	≤30	 and	 30+	
years.	 The	 genotype-	specific	 prevalence	 was	 estimated	
and	compared	by	HIV	status	and	age	group.	The	preva-
lence	of	having	any	HPV,	any	HR-	HPV,	9-		 and	4-	valent	
vaccine-	preventable	HPV	was	compared	by	baseline	char-
acteristics.	 Their	 risk	 factors	 were	 also	 assessed	 using	
multiple	 logistic	regression	models	and	effect	sizes	were	
displayed	as	unadjusted	(uORs)	and	adjusted	odds	ratios	
(aORs)	as	well	as	corresponding	95%	confidence	intervals	
(CI).

2.5	 |	 Ethical considerations

All	participants	gave	informed	consent	prior	to	participa-
tion.	This	 study	was	approved	by	 the	Kenyatta	National	
Hospital	Ethics	Review	Committee	and	the	Institutional	
Review	Board	at	the	University	of	Manitoba.

3 	 | 	 RESULTS

3.1	 |	 Characteristics of the study 
population

A	sample	flow	diagram	is	shown	in	Figure 1	and	partici-
pants'	sociodemographic,	clinical	data,	sexual	behaviors,	
and	anal	douching	practice	are	shown	in	Table 1.	Among	
115	 participants,	 the	 mean	 age	 was	 28.9	years	 (SD,	 7.4).	

F I G U R E  1  Sample	flow	diagram.	HIV,	human	
immunodeficiency	virus.

Samples
N = 115

HIV (-)
N = 61

HIV (+)
N = 51
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T A B L E  1 	 Characteristics	stratified	by	HIV	status.

Total HIV

Characteristic n (%) N = 115 Positive N = 51 Negative N = 61 p- value*

Age,	mean	(SD) 28.9	(7.4) 30.3	(6.7) 27.7	(7.8) 0.011

Age	category

≤	30 69	(63.9) 28	(54.9) 41	(71.9) 0.066

31+ 39	(36.1) 23	(45.1) 16	(28.1)

Marital	status

Married	to	a	woman 17	(20.0) 10	(23.8) 7	(16.3) 0.386

Single 68	(80.0) 32	(76.2) 36	(83.7)

Education	level

Primary 10	(11.8) 5	(11.9) 5	(11.6) 0.586

Secondary 34	(40.0) 19	(45.2) 15	(34.9)

Tertiary 41	(48.2) 18	(42.9) 23	(53.5)

HIV	and	related	information

HIV

Negative 61	(54.5) –	 –	

Positive 51	(45.5) –	 –	

On	ART	among	HIV+ 37	(72.5) 37	(72.5) –	

CD4	count	category

≤500 36	(33.0) 30	(58.8) –	

500+ 73	(67.0) 21	(41.2) –	

CD4%–	Median	(IQR) 31.0	(24.0,	40.0) 23.0	(18.0,	28.0) –	

Undetectable	viral	load 19	(50.0) 18	(48.6) –	

STI	infection

No 55	(65.5) 19	(50.0) 36	(78.3) 0.021

Gonorrhea 15	(17.9) 9	(23.7) 6	(13.0)

Other 14	(16.7) 10	(26.3) 4	(8.7)

Sexual	behaviors	and	hygiene	practices

Sex	work 50	(58.8) 27	(64.3) 23	(53.5) 0.312

Duration	of	sex	work	(years),	median	
(IQR)

6.0	(3.0,	13.0) 7.0	(5.5,	14.5) 4.0	(3.0,	12.0) 0.048

Number	of	sex	partners,	median	
(IQR)

6.0	(3.0,	11.0) 9.0	(3.0,	13.0) 5.0	(2.0,	8.0) 0.114

All	types	of	sex 83	(72.2) 41	(80.4) 42	(68.9) 0.165

Regular	partners 81	(70.4) 40	(78.4) 41	(67.2) 0.186

Casual	partners 63	(54.8) 34	(66.7) 29	(47.5) 0.042

Transactional	partners 50	(43.5) 28	(54.9) 22	(36.1) 0.046

Oral	sex 85	(73.9) 42	(82.4) 43	(70.5) 0.144

Regular	partners 84	(73.0) 41	(80.4) 43	(70.5) 0.228

Casual	partners 69	(60.0) 35	(68.6) 34	(55.7) 0.162

Transactional	partners 58	(50.4) 30	(58.8) 28	(45.9) 0.173

Insertive	sex 85	(73.9) 42	(82.4) 43	(70.5) 0.144

Regular	partners 83	(72.2) 40	(78.4) 43	(70.5) 0.339

Casual	partners 69	(60.0) 35	(68.6) 34	(55.7) 0.162

Transactional	partners 58	(50.4) 31	(60.8) 27	(44.3) 0.081
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A	 majority	 had	 either	 secondary	 or	 higher	 education,	
and	 most	 were	 unmarried	 (to	 a	 woman).	 Fifty-	one	 men	
(44.3%)	were	HIV-	infected.	gbMSM	living	with	HIV	were	
older	 than	 the	 HIV-	negative	 group	 (mean	 30.3	 vs.	 27.7,	
p	=	0.011).	There	were	no	significant	differences	in	marital	
status	and	education	level	by	HIV	status.	More	than	two-	
thirds	 (72.5%)	 were	 on	 antiretroviral	 therapy,	 and	 more	
than	 half	 (58.8%)	 had	 CD4	 count	 ≤500	 cells/μL	 with	 a	
median	CD4	percentage	of	23.0	(IQR,	18.0–	28.0).	Slightly	
more	 than	 one-	third	 were	 positive	 for	 N. gonorrhea	 and	
other	STIs	and	gbMSM	living	with	HIV	were	more	likely	
to	have	STIs	than	their	HIV-	negative	counterparts	(23.7%	
vs.	13.0%,	p	=	0.021).	More	than	half	(58.8%)	reported	pre-
vious	sex	work	with	a	median	duration	of	6	years	(IQR,	3–	
13.0).	gbMSM	living	with	HIV	had longer	duration	of	sex	
work	as	compared	 to	 the	HIV-	negative	group	(mean	7.0	
vs.	4.0,	p	=	0.048).	Compared	 to	 the	HIV-	negative	group,	
gbMSM	 living	 with	 HIV	 reported	 engagement	 in	 more	
frequent	casual	(66.7%	vs.	47.5%,	p	=	0.042),	and	transac-
tional	sex	(54.9%	vs.	36.1%,	p	=	0.046).

3.2	 |	 HPV prevalence and genotype 
distributions

The	 overall	 prevalence	 of	 HPV	 was	 51.3%	 (59/115);	 the	
prevalence	of	HR-	HPV	and	LR-	HPV	were	32.2%	and	29.6%,	
respectively	(Table 2).	Multiple	HPV	types	were	also	de-
tected;	28	(24.3%)	had	multiple	HPV	infections,	11	(9.6%)	
had	multiple	HR-	HPV	 infections,	and	34	 (29.6)	had	LR-	
HPV	infections.	However,	there	were	no	cases	with	HPV-	
16	and	-	18	co-	infection.	Ten	men	(8.7%)	had	HPV-	16	and	
only	2	(1.7%)	had	HPV-	18.	When	stratified	by	HIV	status,	
the	HPV	prevalence	was	84.3%	for	gbMSM	living	with	HIV	

and	24.6%	for	gbMSM	without	HIV	(p	<	0.001).	Compared	
to	the	HIV-	negative	group,	gbMSM	living	with	HIV	were	
also	 more	 likely	 to	 have	 multiple	 HPV	 (p	=	0.011),	 LR-	
HPV	 (p	<	0.001),	 HR-	HPV	 (p	<	0.001),	 multiple	 HR-	HPV	
(p	=	0.001),	and	HPV-	16	(p	=	0.041).	However,	there	were	
no	 significant	 differences	 in	 the	 prevalence	 of	 the	 HPV	
genotype	distributions	between	≤30	and	31+	years	of	age	
(overall	HPV	prevalence:	58.9%	vs.	41.1%,	p	=	0.265).

HPV-	16	was	the	predominant	HR-	HPV	type	(Figure 2).	
When	stratified	by	HIV	status,	HPV-	16,	-	58,	and	-	45	were	
most	common	among	the	HIV-	positive	group.	When	strat-
ified	 by	 age	 group,	 HPV-	16,	 -	45,	 and	 -	35	 were	 most	 fre-
quent	 among	 the	 age	 group	 ≤30	years.	 Interestingly,	 all	
gbMSM	infected	with	HPV-	58,	-	51,	-	18,	and	-	68	were	HIV-	
positive.	 The	 vaccine-	preventable	 HPV	 genotypes	 found	
in	this	study	included	HPV-	16,	-	18,	-	33,	-	45,	-	52,	and	-	58	
for	high-	risk	types,	and	HPV-	6,	and	-	11	for	low-	risk	types.	
If	 the	 vaccine	 was	 given	 prior	 to	 infection,	 the	 4-	valent	
and	 9-	valent	 Gardasil	 vaccines	 would	 have	 prevented	
type-	specific	HPV	infections	in	26	(44.1%)	and	36	(61.0%)	
gbMSM	(Table 2).	As	for	co-	infections	with	multiple	types,	
5.1%	and	11.9%	of	gbMSM	would	have	been	prevented.

3.3	 |	 Risk factors for different 
HPV outcomes

Tables 3	and	4	show	findings	from	multiple	logistic	re-
gression	models	assessing	the	associations	between	po-
tential	 risk	 factors	 and	 four	 HPV	 outcomes	 including	
having	any	HPV	infections,	any	HR-	HPV	infection,	and	
any	vaccine-	preventable	HPV	infections.	On	unadjusted	
analyses,	anal	infections	by	any	HPV	and	HR-	HPV	types	
were	significantly	associated	with	having	gonorrhea	and	

Total HIV

Characteristic n (%) N = 115 Positive N = 51 Negative N = 61 p- value*

Receptive	sex 85	(73.9) 42	(82.4) 43	(70.5) 0.144

Regular	partners 83	(72.2) 40	(78.4) 43	(70.5) 0.339

Casual	partners 83	(72.2) 40	(78.4) 43	(70.5) 0.339

Transactional	partners 83	(72.2) 40	(78.4) 43	(70.5) 0.339

Sex	with	condom	use 84	(73.0) 41	(80.4) 43	(70.5) 0.228

Regular	partners 83	(72.2) 40	(78.4) 43	(70.5) 0.339

Casual	partners 67	(58.3) 34	(66.7) 33	(54.1) 0.177

Transactional	partners 58	(50.4) 30	(58.8) 28	(45.9) 0.173

Douching	practice 54	(63.5) 27	(64.3) 27	(62.8) 0.886

Abbreviations:	ART,	antiretroviral	therapy;	CD,	cluster	of	differentiation;	HIV,	human	immunodeficiency	virus;	IQR,	interquartile	range;	SD,	standard	
deviation;	STI,	sexually	transmitted	infection.
*p-	value	calculated	using	Pearson's	chi-	squared	test	or	Fisher's	exact	test	for	categorical	variables	and	the	nonparametric	Mann–	Whitney	U-	test	for	
noncategorical	variables.

T A B L E  1 	 (Continued)
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being	 married	 (cOR:	 6.0,	 95%	 CI:	 2.0–	20.0,	 p	=	0.002;	
cOR:	 3.6,	 95%	 CI:	 1.1–	14.0,	 p	=	0.049,	 respectively).	
Likewise,	anal	infection	by	9-	valent	vaccine-	preventable	
HPV	was	significantly	associated	with	being	married	to	
a	woman.	On	multivariable	analyses,	the	association	be-
tween	marital	status	and	anal	infection	by	HR-	HPV	type	
(aOR:	 8.1,	 95%	 CI:	 1.6–	52.0,	 p	=	0.016)	 remained	 sig-
nificant.	HIV	was	the	only	independent	risk	factor	that	
strongly	 associated	 with	 all	 four	 HPV	 outcomes	 (any	
HPV	–		aOR:	23.0,	95%	CI:	7.3–	86.0,	p	<	0.001;	HR-	HPV	
–		aOR:	8.9,	95%	CI:	2.8–	36.0,	p	<	0.001;	9-	valent	 type	–		
aOR:	12.0,	95%	CI:	3.1–	65.0,	p	<	0.001;	4-	valent	–		 aOR:	
13.0,	95%	CI:	2.8–	81.0,	p	=	0.003).

4 	 | 	 DISCUSSION

This	 study	 reported	 the	 prevalence	 of	 anal	 HPV	 infec-
tions,	 genotype	 distributions,	 and	 associated	 risk	 factors	
in	a	Kenyan	gbMSM	community	at	high	risk	of	HIV	in-
fection	 and	 anorectal	 cancer.	 We	 found	 an  overall	 high	
prevalence	 of	 anal	 HPV	 and	 HIV	 infections	 among	 this	
group	of	gbMSM.	gbMSM	living	with	HIV	were	at	a	higher	
risk	of	HPV	infections	than	those	without	HIV.	HPV-	16,	
-	35,	 -	45,	 and	 -	58	 were	 the	 predominant	 HR-	HPV	 geno-
types	 and	 multiple	 HPV	 infections	 were	 also	 frequent.	

A	 significant	 proportion	 of	 gbMSM	 were	 infected	 with	
vaccine-	preventable	HPV	genotypes.	While	HIV	was	the	
only	significant	independent	risk	factor	for	all	four	HPV	
outcomes	assessed	in	this	study,	being	married	to	a	woman	
was	a	strong	predictor	for	having	any	HR-	HPV	infection.

The	 prevalence	 of	 anal	 HPV	 infection	 found	 in	 this	
gbMSM	population	was	lower	than	the	prevalence	reported	
in	 gbMSM	 living	 in	 South	 Africa,15	 Nigeria,14	 and	 the	
Central	African	Republic,13	ranging	from	58%	to	92%,	or	in	
young	Black	American	gbMSM	(87%).22	Another	study	in	
West	Africa	reported	a	wide	range	of	HR-	HPV	prevalence	
(33%–	71%)	 suggesting	 heterogeneity	 based	 on	 the	 study	
location.23	In	contrast,	other	gbMSM	cohorts	in	China24,25	
and	Thailand26,27	reported	lower	HPV	prevalence,	ranging	
between	29%	and	56%.	Similarly,	HIV	prevalence	reported	
in	this	gbMSM	population	was	higher	than	the	prevalence	
previously	reported	in	Kenya	gbMSM	(12.3%–	43.0%)	and	
in	 the	general	Kenyan	population	 (6.1%).28	Studies	 from	
sub-	Saharan	Africa	also	reported	a	comparably	5–	18	times	
higher	HIV	prevalence	in	gbMSM	as	compared	to	the	gen-
eral	 population.29,30	 These	 indicate	 an	 overlapping	 HPV	
and	HIV	epidemiology	within	the	gbMSM	population	in	
Kenya,	despite	 the	varying	degree	of	HPV	prevalence	 in	
different	geographical	locations.	However,	this	should	not	
be	interpreted	as	population	prevalence	as	our	study	was	
based	on	a	single	clinic	setting.

F I G U R E  2  Genotype	distributions	
of	anal	HPV	infections	stratified	by	
valent	vaccine	type,	HIV	status,	and	
age	groups.	The	prevalence	of	HPV	
genotypes	is	in	descending	order	
based	on	the	stratifications.	HPV,	
human	papillomavirus;	HIV,	human	
immunodeficiency	virus;	PO,	possibly	
oncogenic.
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Our	 study	 showed	 a	 much	 higher	 prevalence	 of	 anal	
HPV	infection	in	gbMSM	living	with	HIV,	which	is	partic-
ularly	higher	than	the	reports	among	gbMSM	living	with	
HIV	in	various	settings	(72.4%	in	Central	African	Republic,	
62–	82%	in	China,31	65.3%	in	Canada,32	65.6%	in	Brazil,33	
74.2%	in	Taiwan34),	but	lower	than	the	findings	from	Thai	
gbMSM	cohorts	(85%–	100%).27,35	Anal	HPV	infections	and	
related	diseases	have	been	widely	studied	among	gbMSM	
population	 and	 it	 has	 been	 known	 that	 gbMSM	 living	
with	HIV	were	at	a	higher	risk	of	having	anal	HPV	infec-
tions	 than	 gbMSM	 without	 HIV.10,31,36–	38	 Our	 study	 also	
confirmed	this	linkage	between	HIV	status	and	four	HPV	
outcomes,	including	vaccine-	preventable	HPV	infections.	
Wei	et	al.	also	showed	in	their	pooled	analysis	of	29,900	
men	 that	 the	 association	 between	 HIV	 and	 HPV	 infec-
tions	did	not	limit	to	high-	risk	types	but	also	extended	to	
high-	grade	squamous	intraepithelial	lesions	which	could	
eventually	lead	to	anal	cancers.10	They	also	reported	that	
HPV	prevalence	 tended	 to	 increase	with	age,	but	due	 to	
the	limited	sample	size,	we	could	not	investigate	this	re-
lationship.	 Nevertheless,	 these	 findings	 strongly	 suggest	
that	gbMSM	is	a	potential	target	group	at	high	risk	of	HPV	
infections	and	should	be	prioritized	when	considering	the	
evidence-	based	implementation	of	HPV	and	anal	cancer	
prevention	programs	in	Kenya.

In	our	study,	HR-	HPV	genotype	distributions	appeared	
atypical	 with	 HPV-	58,	 -	45,	 and	 35	 being	 frequent,	 while	
HPV-	16	remained	the	predominant	genotype	and	HPV-	18	
was	 poorly	 represented	 in	 this	 population.	 Studies	 from	
the	Central	African	Republic	and	Nigeria	showed	a	similar	
unusual	genotype	profile	of	HPV-	35	and	58	being	the	most	
prevalent	9-	valent	vaccine	HR-	HPV.13,14	 Interestingly,	all	
gbMSM	 infected	 by	 HPV-	35	 in	 this	 study	 as	 well	 as	 in	
other	studies	were	co-	infected	with	HIV,	suggesting	a	re-
gional	concordance	of	such	unique	HPV	genotype	epide-
miology.	 Although	 Bouassa	 and	 colleagues	 pointed	 out	
that	HPV-	16	and	-	18	were	 less	prevalent	 in	young	Black	
American	gbMSM,	our	 findings	suggested	heterogeneity	
in	genotype	distributions	and	Kenya	needs	evidence	in	the	
local	 context	 to	 advocate	 and	 promote	 HPV	 vaccination	
within	the	gbMSM	community.

Interestingly,	 gbMSM	 married	 to	 women	 were	 found	
to	be	at	an	 increased	risk	of	having	HR-	HPV	 infections.	
This	 could	 be	 explained	 in	 the	 following	 way.	 Within	
Kenya,	gbMSM	often	have	female	sex	partners	which	may	
contrast	with	gbMSM	in	other	countries.	Condom	usage	
among	 married	 couples	 in	 Kenya	 remains	 low	 due	 to	 a	
number	 of	 factors.	 Examples	 include	 the	 male	 partners'	
unwillingness	to	use	condoms	could	be	compounded	the	
female	partners'	lack	of	power	to	negotiate.	Additionally,	
the	 subsequent	 higher	 uptake	 of	 contraceptives	 among	
married	 women	 is	 an	 important	 consideration,	 espe-
cially	 as	 access	 to	 these	 medications	 increases	 in	 rural	

and	urban	areas.	All	these	factors	drive	the	HIV	and	HPV	
epidemiology	 in	 this	setting.39	However,	we	did	not	 find	
any	studies	examining	condomless	sex	and	the	transmis-
sion	of	HR-	HPV	among	married	gbMSM	in	Kenya	or	else-
where.	Despite	having	relatively	higher	HPV	and	HR-	HPV	
prevalence,	HPV	and	cancer-	related	knowledge	was	 low	
among	Kenyan	women,40	with	many	reporting	no	knowl-
edge	of	HPV	as	either	a	sexually	transmitted	infection	or	
as	 a	 cancer-	causing	 pathogen,	 and	 another	 recent	 study	
showed	that	only	a	small	fraction	of	these	women	resid-
ing	in	Nairobi	underwent	pap	smear.41	This	suggests	im-
plications	 for	 HPV	 transmission	 networks	 and	 HR-	HPV	
genotypes	circulating	among	married	couples	could	also	
be	attributable	to	the	high	HR-	HPV	prevalence	observed	
among	gbMSM	who	are	married	to	women.	Furthermore,	
lack	of	education	surrounding	HPV,	HPV-	associated	can-
cers,	 and	 the	 role	 of	 HPV	 vaccination	 among	 women	
within	 Kenya	 may	 also	 play	 an	 integral	 role	 in	 under-
standing	the	epidemiology	of	HR-	HPV	infections	between	
married	 partners,	 including	 women	 with	 male	 partners	
who	have	sex	with	men.

Several	 HPV	 genotypes	 included	 in	 the	 prophylactic	
Gardasil-	9	and	-	4	vaccines	were	detected	in	half	of	HPV-	
positive	anal	samples.	The	high	prevalence	of	9-		and	-	4	va-
lent	HPV	vaccine	types	in	the	anogenital	region	suggests	
a	potential	area	of	intervention	by	targeted	HPV	vaccina-
tion	 to	reduce	 the	burden	of	HPV	infections	and	associ-
ated	 cancer	 risk	 among	 Kenyan	 gbMSM.	 The	 estimated	
efficacy	is	based	on	the	prevalence	of	the	strains	included	
in	the	vaccine	and	we	would	expect	higher	efficacy	against	
the	development	of	precancerous	lesions,	given	that	HPV	
vaccines	 can	 protect	 against	 certain	 non-	vaccine	 HPV	
types	due	to	cross-	reactivity.	Despite	an	increase	in	global	
demand	 in	 recent	 years,	 the	World	 Health	 Organization	
recently	 implemented	 a	 general	 recommendation	 that	
HPV	vaccination	for	boys	be	suspended	as	of	2019.	This	
decision	may	be	contextualized	on	the	notion	of	“limited	
supply”,	where	girls	and	women	are	prioritized	over	boys	
and	men.42	However,	“supply	limitations”	should	not	be	
the	 reason	 for	 not	 vaccinating	 the	 gbMSM	 population,	
and	increasing	manufacturing	capacity,	even	at	a	modest	
amount,	should	be	reconsidered.

In	 addition,	 a	 clinical	 program	 providing	 care	 and	
support	 in	 this	 population	 reported	 more	 anal	 cancer	
and	 anal	 diseases	 detected	 coupled	 with	 high	 cases	 of	
HIV	co-	infections	in	the	same	cohort.20	The	program	is	
currently	planning	HPV	screening	on	selected	criteria,	
which	 will	 be	 embedded	 in	 their	 routine	 anal	 health	
care	 services	 for	 gbMSM	 communities.	 Their	 recent	
proposal	containing	an	urgent	call	to	provide	HPV	vac-
cines	to	gbMSM	communities	pointed	out	an	excess	 in	
Kenya's	stock	supply	of	HPV	vaccine	due	to	low	uptake	
among	 the	 conventional	 target	 groups	 of	 AGYW.	 This	
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highlighted	 the	 possibility	 of	 procuring	 required	 HPV	
vaccines	for	the	gbMSM	community	from	the	available	
to-	be-	soon-	expired	 stock.20	 Hence,	 this	 would	 warrant	
careful	 planning	 and	 evidence-	based	 implementation	
of	 the	gbMSM-	inclusive	and	 targeted	HPV	vaccination	
efforts	in	Kenya.

Our	 study	 had	 some	 limitations.	 Indeed,	 the	 recruit-
ment	of	participants	 from	one	gbMSM	clinic	 in	Nairobi,	
Kenya,	as	well	as	the	small	sample	size	of	our	study	pop-
ulation,	 may	 have	 introduced	 selection	 and	 information	
bias.	Hence,	the	study	participants	may	not	represent	the	
Kenyan	gbMSM	community.	On	the	other	hand,	the	clinic	
is	 well-	known	 across	 the	 county	 and	 is	 freely	 accessible	
to	the	gbMSM	community.	This	may	not	entirely	alleviate	
the	 bias	 but	 could	 help	 understand	 the	 contextual	 HPV	
prevalence	in	this	gbMSM	population	and	inform	on	the	
upcoming	 prevention	 strategies.	 In	 addition,	 our	 study	
has	missing	values	in	some	key	variables	including	mar-
ital	 status	 and	 sex	 work,	 which	 warrants	 cautious	 inter-
pretation	when	asserting	corresponding	relationship	with	
HPV	prevalence.1

5 	 | 	 CONCLUSION

Prevention	 of	 HPV	 infections	 and	 anal	 cancers	 through	
vaccination,	as	well	as	early	detection	and	treatment,	are	
on	 the	 horizon	 for	 Kenya,	 and	 promising	 developments	
around	anal	health	care	 including	HPV	vaccination	and	
anal	cancer	screening	were	proposed	by	The	Global	Fund	
to	 Fight	 AIDS,	 Tuberculosis	 and	 Malaria.	 The	 gbMSM	
community	living	in	Kenya	could	be	at	high	risk	of	having	
anal	HR-	HPV	infections,	especially	among	gbMSM	living	
with	 HIV,	 and	 major	 HR-	HPV	 genotypes	 observed	 are	
covered	by	available	valent	vaccines.	Targeted	HPV	vac-
cination	toward	gbMSM	living	with	HIV	could	well	serve	
as	a	potential	key	prevention	strategy	for	this	community	
and	should	be	urgently	prioritized.

AUTHOR CONTRIBUTIONS
Myo Minn Oo:	Conceptualization	(equal);	data	curation	
(equal);	 formal	 analysis	 (equal);	 investigation	 (equal);	
methodology	(equal);	software	(equal);	validation	(equal);	
visualization	(equal);	writing	–		original	draft	(equal);	writ-
ing	 –		 review	 and	 editing	 (equal).	 Samantha MOORE:	
Formal	 analysis	 (equal);	 visualization	 (equal);	 writing	 –		
original	draft	(equal);	writing	–		review	and	editing	(equal).	
Suzanne GIBBONS:	Conceptualization	(equal);	data	cu-
ration	(equal);	 funding	acquisition	(equal);	methodology	
(equal);	 resources	 (equal);	 supervision	(equal);	writing	–		
review	 and	 editing	 (equal).	 Wendy ADHIAMBO:	 Data	
curation	(equal);	investigation	(equal);	resources	(equal);	
writing	–		review	and	editing	(equal).	Peter MUTHOGA:	

Data	 curation	 (equal);	 investigation	 (equal);	 resources	
(equal);	 writing	 –		 review	 and	 editing	 (equal).	 Naomi 
SIELE:	 Data	 curation	 (equal);	 investigation	 (equal);	 re-
sources	 (equal);	 writing	 –		 review	 and	 editing	 (equal).	
Maureen AKOLO:	 Data	 curation	 (equal);	 investigation	
(equal);	 resources	 (equal);	 writing	 –		 review	 and	 editing	
(equal).	 Henok GEBREBRHAN:	 Conceptualization	
(equal);	 data	 curation	 (equal);	 investigation	 (equal);	 re-
sources	(equal);	writing	–		review	and	editing	(equal).	Aida 
SIVRO:	Conceptualization	(equal);	data	curation	(equal);	
formal	 analysis	 (equal);	 funding	 acquisition	 (equal);	
investigation	 (equal);	 methodology	 (equal);	 resources	
(equal);	 supervision	 (equal);	 writing	 –		 review	 and	 edit-
ing	 (equal).	Blake T. BALL:	Conceptualization	 (equal);	
data	curation	(equal);	funding	acquisition	(equal);	inves-
tigation	(equal);	methodology	(equal);	 resources	 (equal);	
supervision	(equal);	writing	–		review	and	editing	(equal).	
Robert R. LORWAY:	Conceptualization	(equal);	 inves-
tigation	(equal);	methodology	(equal);	 resources	 (equal);	
writing	–		review	and	editing	(equal).	Alberto SEVERINI:	
Conceptualization	(equal);	data	curation	(equal);	investi-
gation	 (equal);	 methodology	 (equal);	 resources	 (equal);	
writing	–		 review	and	editing	 (equal).	Joshua KIMANI:	
Conceptualization	 (equal);	 funding	 acquisition	 (equal);	
investigation	 (equal);	 methodology	 (equal);	 resources	
(equal);	 writing	 –		 review	 and	 editing	 (equal).	 Lyle R. 
MCKINNON:	 Conceptualization	 (equal);	 data	 curation	
(equal);	funding	acquisition	(equal);	investigation	(equal);	
methodology	 (equal);	 resources	 (equal);	 supervision	
(equal);	validation	(equal);	writing	–		original	draft	(equal);	
writing	–		review	and	editing	(equal).

ACKNOWLEDGMENTS
We	 thank	 all	 the	 study	 participants	 and	 the	 clinic	 and	
laboratory	staff	at	Partners	 for	Health	and	Development	
in	Africa	 (PHDA)	that	assisted	with	 this	project.	Special	
thanks	to	the	leadership	of	Health	Options	for	Young	Men	
on	HIV/AIDS/STI	(HOYMAS),	the	Sex	Workers	Outreach	
Program	(SWOP),	and	Link	 to	Smile	 (LITOS)	clinics	 for	
assistance	 with	 participant	 recruitment	 and	 all	 study	
procedures.

FUNDING INFORMATION
This	 work	 was	 funded	 by	 the	 Canadian	 Institutes	 of	
Health	 Research	 (CIHR),	 Research	 Manitoba,	 and	 the	
University	 of	 Manitoba.	 Aida	 Sivro	 was	 supported	 by	
a	 European	 &	 Developing	 Countries	 Clinical	 Trials	
Partnership	 (EDCTP)	 Career	 Development	 Fellowship	
(TMA2016	CDF-	1582).	L.R.M.	was	supported	by	a	CIHR	
New	Investigator	Award.

CONFLICT OF INTEREST STATEMENT
There	are	no	conflicts	of	interest.

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6008 by IN
A

SP K
E

N
Y

A
 - A

ga K
han U

niversity, W
iley O

nline L
ibrary on [05/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



12 |   MINN OO et al.

DATA AVAILABILITY STATEMENT
The	datasets	generated	during	and/or	analyzed	during	the	
current	study	are	not	publicly	available	due	to	the	sensi-
tive	 nature	 and	 confidentiality	 of	 the	 data	 pertaining	 to	
the	gay,	bisexual,	and	men	who	have	sex	with	men	who	
were	 included	 in	 the	study	but	anonymized	data	can	be	
available	 from	 the	 corresponding	 author	 on	 reasonable	
request.

ORCID
Myo Minn Oo  	https://orcid.org/0000-0003-4089-016X	

REFERENCES
	 1.	 Deshmukh	AA,	Damgacioglu	H,	Georges	D,	et	al.	Global	bur-

den	of	HPV-	attributable	squamous	cell	carcinoma	of	the	anus	
in	2020,	according	to	sex	and	HIV	status:	a	worldwide	analysis.	
Int J Cancer.	2023;152:417-	428.

	 2.	 Lin	C,	Franceschi	S,	Clifford	GM.	Human	papillomavirus	types	
from	infection	to	cancer	in	the	anus,	according	to	sex	and	HIV	
status:	a	systematic	review	and	meta-	analysis.	Lancet Infect Dis.	
2018;18:198-	206.

	 3.	 IARC	working	group	on	the	evaluation	of	carcinogenic	risks	to	
humans.	Biological	agents.	 IARC Monogr Eval Carcinog Risks 
Hum.	2012;100:1-	441.

	 4.	 Garland	 SM,	 Hernandez-	Avila	 M,	 Wheeler	 CM,	 et	 al.	
Quadrivalent	vaccine	against	human	papillomavirus	to	prevent	
anogenital	diseases.	N Engl J Med.	2007;356:1928-	1943.

	 5.	 Deshmukh	 AA,	 Suk	 R,	 Shiels	 MS,	 et	 al.	 Recent	 trends	 in	
squamous	 cell	 carcinoma	 of	 the	 anus	 incidence	 and	 mor-
tality	 in	 the	 United	 States,	 2001–	2015.	 J Natl Cancer Inst.	
2019;112:829-	838.

	 6.	 Daling	JR,	Madeleine	MM,	Johnson	LG,	et	al.	Human	papillo-
mavirus,	smoking,	and	sexual	practices	in	the	etiology	of	anal	
cancer.	Cancer.	2004;101:270-	280.

	 7.	 Clifford	GM,	Polesel	J,	Rickenbach	M,	et	al.	Cancer	risk	in	the	
Swiss	HIV	cohort	study:	associations	with	immunodeficiency,	
smoking,	and	highly	active	antiretroviral	therapy.	J Natl Cancer 
Inst.	2005;97:425-	432.

	 8.	 Chaturvedi	AK,	Madeleine	MM,	Biggar	RJ,	Engels	EA.	Risk	of	
human	papillomavirus-	associated	cancers	among	persons	with	
AIDS.	J Natl Cancer Inst.	2009;101:1120-	1130.

	 9.	 D'Souza	G,	Wiley	DJ,	Li	X,	et	al.	 Incidence	and	epidemiology	
of	anal	cancer	in	the	multicenter	AIDS	cohort	study	(MACS).	J 
Acquir Immune Defic Syndr.	2008;48:491-	499.

	10.	 Wei	 F,	 Gaisa	 MM,	 D'Souza	 G,	 et	 al.	 Epidemiology	 of	 anal	
human	 papillomavirus	 infection	 and	 high-	grade	 squamous	
intraepithelial	lesions	in	29	900	men	according	to	HIV	status,	
sexuality,	and	age:	a	collaborative	pooled	analysis	of	64	studies.	
Lancet HIV.	2021;8:e531-	e543.

	11.	 Clifford	 GM,	 Georges	 D,	 Shiels	 MS,	 et	 al.	 A	 meta-	analysis	 of	
anal	cancer	incidence	by	risk	group:	toward	a	unified	anal	can-
cer	risk	scale.	Int J Cancer.	2021;148:38-	47.

	12.	 de	 Martel	 C,	 Plummer	 M,	Vignat	 J,	 Franceschi	 S.	Worldwide	
burden	of	cancer	attributable	to	HPV	by	site,	country	and	HPV	
type.	Int J Cancer.	2017;141:664-	670.

	13.	 Bouassa	R-	SM,	Simaleko	MM,	Camengo	SP,	et	al.	Unusual	and	
unique	 distribution	 of	 anal	 high-	risk	 human	 papillomavirus	

(HR-	HPV)	 among	 men	 who	 have	 sex	 with	 men	 living	 in	 the	
Central	African	Republic.	PLoS One.	2018;13:e0197845.

	14.	 Nowak	RG,	Schumaker	LM,	Ambulos	NP,	et	al.	Multiple	HPV	
infections	 among	 men	 who	 have	 sex	 with	 men	 engaged	 in	
anal	 cancer	 screening	 in	 Abuja,	 Nigeria.	 Papillomavirus Res.	
2020;10:100200.

	15.	 Müller	EE,	Rebe	K,	Chirwa	TF,	Struthers	H,	McIntyre	J,	Lewis	
DA.	 The	 prevalence	 of	 human	 papillomavirus	 infections	 and	
associated	risk	factors	in	men-	who-	have-	sex-	with-	men	in	Cape	
Town.	BMC Infect Dis.	2016;16:440.

	16.	 Markowitz	LE,	Drolet	M,	Lewis	RM,	et	al.	Human	papilloma-
virus	 vaccine	 effectiveness	 by	 number	 of	 doses:	 updated	 sys-
tematic	review	of	data	from	national	immunization	programs.	
Vaccine.	2022;40:5413-	5432.

	17.	 Harder	T,	Wichmann	O,	Klug	SJ,	van	der	Sande	MAB,	Wiese-	
Posselt	 M.	 Efficacy,	 effectiveness	 and	 safety	 of	 vaccination	
against	 human	 papillomavirus	 in	 males:	 a	 systematic	 review.	
BMC Med.	2018;16:110.

	18.	 Australian	Government	Department	of	Health	and	Aged	Care.	
Australian	 Immunization	 Handbook.	 Men who have sex with 
men are recommended to receive HPV vaccine.	2018.

	19.	 UK	 Health	 Security	 Agency.	 HPV	 vaccination:	 guidance	 for	
healthcare	 practitioners	 [Internet].	 2022	 Accessed	 December	
6,	 2022.	 https://www.gov.uk/gover	nment/	publi	catio	ns/hpv-	
unive	rsal-	vacci	natio	n-	guida	nce-	for-	healt	h-	profe	ssionals

	20.	 Lorway	RR,	Macharia	P,	Maina	J,	et	al.	An	urgent	call	to	include	
men	 who	 have	 sex	 with	 men	 in	 the	 HPV	 immunisation	 pro-
gramme	in	Kenya.	BMJ Glob Health.	2022;7:e009831.

	21.	 Zubach	V,	Smart	G,	Ratnam	S,	Severini	A.	Novel	microsphere-	
based	method	for	detection	and	typing	of	46	mucosal	human	
papillomavirus	types.	J Clin Microbiol.	2012;50:460-	464.

	22.	 Keglovitz	K,	Richardson	AD,	Lancki	N,	Walsh	T,	Schneider	JA.	
Anal	squamous	intraepithelial	lesions	and	HPV	among	young	
black	men	who	have	sex	with	men.	LGBT Health.	2017;4:72-	74.

	23.	 Yaya	I,	Boyer	V,	Ehlan	PA,	et	al.	Heterogeneity	in	the	prevalence	
of	high-	risk	human	papillomavirus	infection	in	human	immu-
nodeficiency	 virus-	negative	 and	 human	 immunodeficiency	
virus-	positive	men	who	have	sex	with	men	in	West	Africa.	Clin 
Infect Dis.	2021;73:2184-	2192.

	24.	 Donà	 MG,	 Palamara	 G,	 Di	 Carlo	 A,	 et	 al.	 Prevalence,	 gen-
otype	 diversity	 and	 determinants	 of	 anal	 HPV	 infection	
in	 HIV-	uninfected	 men	 having	 sex	 with	 men.	 J Clin Virol.	
2012;54:185-	189.

	25.	 Hu	Y,	Qian	H-	Z,	Sun	J,	et	al.	Anal	human	papillomavirus	 in-
fection	 among	 HIV-	infected	 and	 uninfected	 men	 who	 have	
sex	with	men	in	Beijing,	China.	J Acquir Immune Defic Syndr.	
2013;64:103-	114.

	26.	 Cranston	RD,	Althouse	AD,	van	Griensven	F,	et	al.	Prevalence	
of	 anal	 human	 papillomavirus	 vaccine	 types	 in	 the	 Bangkok	
men	 who	 have	 sex	 with	 men	 cohort	 study.	 Sex Transm Dis.	
2015;42:671-	676.

	27.	 Phanuphak	 N,	 Teeratakulpisarn	 N,	 Pankam	 T,	 et	 al.	 Anal	
human	 papillomavirus	 infection	 among	 Thai	 men	 who	 have	
sex	 with	 men	 with	 and	 without	 HIV	 infection:	 prevalence,	
incidence,	 and	 persistence.	 J Acquir Immune Defic Syndr.	
2013;63:472-	479.

	28.	 Sanders	EJ,	Okuku	HS,	Smith	AD,	et	al.	High	HIV-	1	incidence,	
correlates	of	HIV-	1	acquisition,	and	high	viral	loads	following	
seroconversion	among	MSM.	AIDS.	2013;27:437-	446.

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6008 by IN
A

SP K
E

N
Y

A
 - A

ga K
han U

niversity, W
iley O

nline L
ibrary on [05/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-4089-016X
https://orcid.org/0000-0003-4089-016X
https://www.gov.uk/government/publications/hpv-universal-vaccination-guidance-for-health-professionals
https://www.gov.uk/government/publications/hpv-universal-vaccination-guidance-for-health-professionals


   | 13MINN OO et al.

	29.	 Beyrer	 C,	 Wirtz	 AL,	 Walker	 D,	 Johns	 B,	 Sifakis	 F,	 Baral	 SD.	
The Global HIV Epidemics among Men Who Have Sex with Men 
(MSM) [Internet].	The	World	Bank;	2011:350.	Accessed	October	
13,	2022.	doi:10.1596/978-	0-	8213-	8726-	9

	30.	 Beyrer	C,	Sullivan	P,	Sanchez	J,	et	al.	The	increase	in	global	HIV	
epidemics	in	MSM.	AIDS.	2013;27:2665-	2678.

	31.	 Ma	X,	Wang	Q,	Ong	JJ,	et	al.	Prevalence	of	human	papillomavi-
rus	by	geographical	regions,	sexual	orientation	and	HIV	status	
in	China:	a	 systematic	 review	and	meta-	analysis.	Sex Transm 
Infect.	2018;94:434-	442.

	32.	 Choi	Y,	 Loutfy	 M,	 Remis	 RS,	 et	 al.	 HPV	 genotyping	 and	 risk	
factors	for	anal	high-	risk	HPV	infection	in	men	who	have	sex	
with	men	from	Toronto,	Canada.	Sci Rep.	2021;11:4779.

	33.	 Guimarães	MDC,	Grinsztejn	B,	Melo	VH,	et	al.	Anal	HPV	prev-
alence	 and	 associated	 factors	 among	 HIV-	seropositive	 men	
under	antiretroviral	treatment	in	Brazil.	J Acquir Immune Defic 
Syndr.	2011;57(Suppl	3):S217-	S224.

	34.	 Yu	 C-	T,	 Chao	 S-	C,	 Lee	 H-	C,	 et	 al.	 High	 prevalence	 of	 anal	
human	 papillomavirus	 infection	 and	 associated	 risky	 behav-
iors	 in	 men	 infected	 with	 human	 immunodeficiency	 virus	 in	
Taiwan.	AIDS Behav.	2013;17:1211-	1218.

	35.	 Supindham	T,	Chariyalertsak	S,	Utaipat	U,	et	al.	High	preva-
lence	 and	 genotype	 diversity	 of	 anal	 HPV	 infection	 among	
MSM	in	northern	Thailand.	PLoS One.	2015;10:e0124499.

	36.	 Marra	 E,	 Lin	 C,	 Clifford	 GM.	Type-	specific	 anal	 human	 pap-
illomavirus	prevalence	among	men,	according	 to	 sexual	pref-
erence	 and	 HIV	 status:	 a	 systematic	 literature	 review	 and	
meta-	analysis.	J Infect Dis.	2019;219:590-	598.

	37.	 Zhou	 Y,	 Lin	 Y-	F,	 Gao	 L,	 et	 al.	 Human	 papillomavirus	 preva-
lence	among	men	who	have	sex	with	men	in	China:	a	system-
atic	review	and	meta-	analysis.	Eur J Clin Microbiol Infect Dis.	
2021;40:1357-	1367.

	38.	 Machalek	DA,	Poynten	M,	Jin	F,	et	al.	Anal	human	papilloma-
virus	 infection	 and	 associated	 neoplastic	 lesions	 in	 men	 who	
have	 sex	 with	 men:	 a	 systematic	 review	 and	 meta-	analysis.	
Lancet Oncol.	2012;13:487-	500.

	39.	 Rosser	 JI,	 Njoroge	 B,	 Huchko	 MJ.	 Knowledge	 about	 cervical	
cancer	 screening	 and	 perception	 of	 risk	 among	 women	 at-
tending	outpatient	clinics	in	rural	Kenya.	Int J Gynecol Obstet.	
2015;128:211-	215.

	40.	 Menon	S,	Wusiman	A,	Boily	MC,	et	al.	Epidemiology	of	HPV	
genotypes	among	HIV	positive	women	in	Kenya:	a	systematic	
review	and	meta-	analysis.	PLoS One.	2016;11:e0163965.

	41.	 Rositch	 AF,	 Gatuguta	 A,	 Choi	 RY,	 et	 al.	 Knowledge	 and	 ac-
ceptability	of	pap	smears,	self-	sampling	and	HPV	vaccination	
among	adult	women	in	Kenya.	PLoS One.	2012;7:e40766.

	42.	 Arie	S.	HPV:	WHO	calls	for	countries	to	suspend	vaccination	of	
boys.	BMJ.	2019;367:l6765.

How to cite this article: Oo	MM,	Moore	S,	
Gibbons	S,	et	al.	High	prevalence	of	vaccine-	
preventable	anal	human	papillomavirus	infections	
is	associated	with	HIV	infection	among	gay,	
bisexual,	and	men	who	have	sex	with	men	in	
Nairobi,	Kenya.	Cancer Med.	2023;00:1-13.	
doi:10.1002/cam4.6008

 20457634, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/cam

4.6008 by IN
A

SP K
E

N
Y

A
 - A

ga K
han U

niversity, W
iley O

nline L
ibrary on [05/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org//10.1596/978-0-8213-8726-9
https://doi.org/10.1002/cam4.6008

	High prevalence of vaccine-preventable anal human papillomavirus infections is associated with HIV infection among gay, bisexual, and men who have sex with men in Nairobi, Kenya
	Authors

	High prevalence of vaccine-preventable anal human papillomavirus infections is associated with HIV infection among gay, bisexual, and men who have sex with men in Nairobi, Kenya
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|HPV testing and genotyping
	2.2|HIV and STI testing
	2.3|Variables and definitions
	2.4|Statistical analyses
	2.5|Ethical considerations

	3|RESULTS
	3.1|Characteristics of the study population
	3.2|HPV prevalence and genotype distributions
	3.3|Risk factors for different HPV outcomes

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


