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Abstract

Purpose: Knowledge of the prevalence of HPV infection among adolescent and early adult girls is essential to deter-

mining the best age for the introduction of HPV vaccine, monitoring vaccine efficacy, and giving insight into determi-
nants of persistent high-risk HPV infection, a necessary cause of cervical cancer. Yet, there have been limited studies of
HPV infection among adolescent and early adult girls in low-and-middle-income countries.

Methods: In this cross-sectional study, we randomly selected 205 girls, aged 9-20 years, from 10 schools in central
Nigeria. We obtained informed consent and assent, collected data, and trained participants to self-collect vaginal
samples using swab stick. We genotyped HPV using SPF,;-DEIA/LIPA,< and analyzed data using Stata 14°.

Results: The mean (SD) age of the girls was 14.9 (2.3) years. We found HPV in 13.2% of vaginal swabs. The earliest
age at which anyHPV and hrHPV infections were detected was 10 and 12 years respectively. The prevalence of any
HPV peaked at 16 and 17 years, hrHPV at 16 years, IrHPV at 17 and 18 years and multiple hrHPV 18 years of age. The
prevalence of hrHPV infection was 1.5% among the 9-12 years age group, 2.9% among 13-16 years and 3.4% among
17-20 years old. The commonest hrHPV types detected were 52 (3.9%), 18 (1.5%) and 51 (2.4%). The most common
IrHPV types was 6 (2.9%).

Conclusion: The prevalence of HPV infection in these urbanized young girls in Nigeria is high and commences after
9 years of age. HPV vaccination in this population should start at 9 years of age or younger to prevent the establish-
ment of persistent HPV infection.

Key Messages

+ The prevalence of HPV was 13.2% among adolescent girls in Jos, North-Central Nigeria.

+ The earliest age at vaginal HPV infection was 11 years of age.

+ The most predominant hrHPV type in vaginal swab was HPV 52.

+ These findings point to the need for introduction of HPV vaccine starting at 9 years of age among girls in Nige-
ria to give maximum protection.
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Introduction

Human papillomavirus (HPV) infection is the com-
monest oncogenic virus infection in the world. It is
associated with cancers of the cervix, anus, vagina, oro-
pharynx, vulva, oral cavity, penis and larynx [1, 2]. In
2018, there were estimated 569,000 new cases of cer-
vical cancer and 311,000 deaths worldwide [3]. Indi-
viduals are exposed to HPV infection at onset of sexual
maturation and acquisition of new sexual partners [4,
5]. Globally, data have shown that HPV prevalence is
highest among young women of less than 25 years [6].
Although the prevalence and type distribution of HPV
vary across geographical regions, the infection among
adolescent girls usually peaks at around 15 and 16 years
of age and coincides with the onset of sexual activities
[5, 7]. Among older women, several studies have shown
that HPV has a bimodal peak with the first peak seen
among women younger than 30 years of age and the
second one among older women greater than 45 years
of age [8, 9]. Data are however scarce on the earliest age
at which HPV is detected among adolescent girls and
the exact age at which the first peak of HPV infection is
observed.

HPYV vaccination has been shown to be efficacious for
prevention of infection and associated diseases [10] The
vaccine induces stronger immunologic response when
administered at a young age. Therefore, to prevent
establishment of HPV infections and reduce the risk of
associated diseases, the WHO recommends vaccina-
tion of girls, age 9-14 years, before they become sexu-
ally active [11]. The U.S. Food and Drug Administration
(FDA) has licensed several prophylactic HPV vaccines.
Of these, Gardasil ® 9, a nanovalent vaccine that covers
HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58, licensed
for use in females aged 9 to 45 years is the most widely
used in the US and Australia [12, 13]. There are few
studies of the epidemiology of HPV infection in young
girls in low- and middle-income countries to ascertain
the most appropriate age range for HPV vaccination.

Substantial progress has been made in reducing HPV
prevalence in developed countries like the USA [14] and
Australia [15]. By 2018, 80 countries have included HPV
vaccine in their national immunization programme for
girls [16]. HPV infection remains of considerable public
health significance, particularly in sub-Saharan Africa
(SSA) where most countries are yet to implement nation-
wide HPV vaccination strategies [17].

While there has been several studies of the prevalence
of HPV infection among HIV positive and negative

women in Nigeria [18, 19], data are scarce regarding
infection among adolescent and early adult girls. In the
study we report the first study of the epidemiology of
HPYV infection in young girls in Nigeria.

Methodology

Participant enrolment and sample collection

We randomly selected 15 out of 300 registered high schools
in Jos, North Central Nigeria for this study and received
permission to conduct the study in 10 (66.7%) of the
schools. Between May and November 2016, we contacted
700 female students and their parents, of whom 232 girls
and their parents agreed to participate in the study giving a
33.1% response rate. We obtained consent from the parents
of girls younger than 18 years of age and assent from the
girls. Older girls gave consent in their self-cognizance.

We conducted face-to-face interview with the girls in
company of female nurses or researchers using struc-
tured questionnaires that covered socioeconomic factors,
family characteristics, gynecologic history, sexual hygiene
and practices. Questionnaire designs were guided by the
research questions and literature review. The question-
naires were pre-tested on 10 individuals to evaluate their
performance and corrected as required.

Prior to sample collection, we trained study par-
ticipants on how to self-obtain vaginal samples using
sterile swab sticks—a small cotton swab on a wooden
handle packaged in an individual reclosable plastic pack.
After the training, each girl was given 2 swab sticks and
instructed to:

+ Remove the swab from the reclosable pack.

+ Gently insert the cotton swab into the vagina while
squatting or standing with legs apart.

+ Gently turn the swab three times and remove.

+ Replace the swab in the plastic pack.

+ Repeat this procedure with the second swab stick.

+ Swabs were inserted for about 3 cm and NC was
always present to guide the girls

The first collected vulvo-vaginal swab was immediately
stored on ice pack in a cooler until transported to the
Plateau State Human Virology Research Centre (PLAS-
VIREC) sample repository for storage at —80 °C, usually
within three hours of collection. The second swab was
immediately applied on Hydrion pH test paper (pH 2.8—
4.6, 4.5-6.1 & 5.5-8.0) (Micro Essential Lab. Inc. New
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York) the colour change was compared with the provided
standards.

HPV detection and genotyping

Collected samples were transported to the African
Collaborative Centre for Microbiome and Genomics
Research (ACCME), Institute of Human Virology, Abuja,
Nigeria for HPV detection and genotyping. To prepare
the vulvo-vaginal swab for DNA extraction, 1 millilitre of
PBS was added to the dry swabs inside the cryovials and
vortexed to dislodge the cells from the cotton wool.

DNA extraction was carried out using Cador® Patho-
gen 96 QIAcube® HT Kit (Qiagen, Germany) on QIA-
cube HT (QIAGEN, Germany). The DNA was amplified
and HPV detected using SPF,, (DDL Diagnostic Labo-
ratories, The Netherlands) which simultaneously detects
HPV types 2, 3, 4, 5, 6, 7, 8, 11, 13, 14, 16, 18, 20, 26, 27,
28, 30, 31, 32, 33, 34, 35, 37, 39, 40, 42, 43, 44, 45, 51, 52,
53, 54, 55 (re-classified as a subtype of HPV44), 56, 57,
58,59, 61, 62, 64 (re-classified as a subtype of HPV34), 65,
66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 81, 82, 83, 84, 85,
86, 87, 89, 90, 91, 95, 97, 102, 106, 114 and 115. Positive
samples were tested with reverse hybridization line probe
assay (LiPA,:) which can simultaneously identify 25 HPV
types (6, 11, 16, 18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45,
51, 52, 53, 54, 56, 58, 59, 66, 68-73, 70, and 74) according
to the manufacturer’s (DDL Laboratories, Netherlands)
instructions. This is a highly sensitive broad-spectrum
PCR-based assay for qualitative detection of HPV and
suitable for epidemiological studies.

Ethical approval and informed consent

The study protocol was approved by the institutional
review board of the Jos University Teaching Hospital
(JUTH). Written informed consent was obtained from
the parent/guardian of participants who were less than
18 year of age and assent obtained from the participants
themselves. For participants who were greater than or
equal 18 years of age, they provided written informed
consent prior to enrolment.

Data management and statistical analysis

We entered data into REDCap electronic database and
analyzed using Stata version 14 (StataCorp, College Sta-
tion, Texas USA). High-risk HPV types were defined as
types 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59,
66, 88, 73 and 82, including the probable hrHPV types and
low-risk types were defined as types 6, 11, 40, 42, 43, 44,
54, 61, 68/73, 70, 72, 74, 81 and CP6108 [20]. Univariate
analysis was done using frequency distribution and pro-
portion for categorical variables and descriptive statis-
tics for continuous variables. Bivariate analysis to test for
association was done using chi square or fisher’s exact
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test for categorical variables and t-test for continuous
variables; means and standard deviations of continuous
variables were computed. A p-value<0.20 was used as a
criterion for the inclusion of variables in the multivariable
analysis. We set a p-value <0.05 as statistically significant.

Results

Participants’ characteristics and baseline HPV prevalence
We excluded 27 participants (11.6%) because they were
unable to collect vulvo-vaginal swab leaving 205 partici-
pants. The mean age (SD) of the excluded girls was 14.7
(1.97) years while that of the remaining study participants
was 14.9 (2.34) years (p-value 0.67). Most of the excluded
participants (17, 63.0%) were from public schools while
the remaining ten participants (37.0%) were from pri-
vate schools. About half of the remaining participants,
(104/205, 50.7%), were recruited from public schools
while 49.3% (101/205) were from private schools (p-value
0.24). There were no significant differences between
girls who were unable to collect their samples and were
excluded from the study and those who remained in the
study.

Some 13.2% (27/205) of the girls had any HPV infec-
tion. There was no difference in type of school attended
and socio-economic status of HPV positive compared
with HPV negative girls. Most (145/205, 70.7%) of the
girls in this study had attained menarche and there was
significant difference in menarcheal status compar-
ing HPV positive (88.9%) and HPV negative (68.0%)
girls (p=0.03). Only 9.3% (19/186) of the girls reported
positive history of sexual intercourse and this was sig-
nificantly different (p=0.01) comparing HPV positive
(22.2%) and HPV negative (7.3%) girls. The mean (SD)
age at first sexual intercourse for girls who reported
positive sexual history was 13.3 (3.58) years, and this
was of marginal statistical significance comparing HPV
positive (12.0(3.46)) and HPV negative (16.2(1.72) girls
(p=0.07). Most of the girls (57.9%, 11/19) who reported
sexual intercourse first experienced it at 15 years of age
or less and 15.8% (3/19) experienced it before the age of
10 years. Among HPV positive girls, most (83.3%, 5/6)
of those who have ever had sex had it after 15 years of
age compared to only 23.1% (3/13) of HPV negative girls
(p=0.04). Most of the girls with sexual experience (17/19,
89.5%) reported one or two lifetime sexual partners while
two girls (10.5%) reported more than two sexual part-
ners. All the sexually experienced HPV negative girls had
one or two sexual partners while 66.7% (4/6) of the HPV
positive girls had one or two sexual partners and the rest
(33.3%) have had three or four sexual partners (p=0.09).
Of the girls who had positive sexual history, 11 (57.9%)
reported that the sex was forced and without their con-
sent but the prevalence of this not different comparing
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HPV positive and HPV negative girls (p=1.00). Among
those girls with positive sexual history who reported the
age of their sexual partners, most (6/8, 75.0%) were older
than 21 years of age, as were the sexual partners of all the
HPV positive girls compared to only 33.3% (1/3) of the
HPV negative girls (p=0.11).

We did not observe any significant differences or trends
in the last time the girls had sexual contact, their part-
ner’s marital status (where known), history of mastur-
bation, use of toys for masturbation, use of condoms,
douching, and pH of the vagina comparing HPV positive
and HPV negative girls. The girls in this study discussed
sex more with others than with their mothers or fathers.
Among the others they discussed sex with, the most
common were friends, aunts, and sisters. They had low
level of knowledge about HPV infection or HPV vaccina-
tion (Table 1).

Group specific prevalence of HPV

The prevalence of any HPV infection in this study was
13.2% (27/205), while that of hrHPV was 59.3% (16/27),
IrHPV was 55.6% (15/27), mixed high and low risk HPV
was 14.8% (4/27) and multiple hrHPV was 22.2% (6/27).
The age-specific and age group prevalence of any HPV
among study participants are shown in Fig. 1. The first
instance of any HPV infection among the girls in this
study was at 10 years of age and it was a low-risk HPV
infection. The first instance of high-risk HPV infection
was observed at 12 years of age. The peak age prevalence
of anyHPV, hrHPV, IrHPV and multiple hrHPV was
16 years of age. At this age, the prevalence of anyHPV
was 6.8%, while that of hrHPV was 4.9%, IrHPV was
2.6% and multiple hrHPV was 2.4%. The prevalence of
anyHPV, hrHPV, IrHPV and multiple hrHPV was highest
in the 13-16 age group. The prevalence of anyHPV infec-
tion was 4.9% among 9-12 years age group, 15.1% among
13-16 years and 9.3% among 17-20 years old while
that of hrHPV infection was 3.4% among 9-12 years
age group, 7.8% among 13-16 years and 5.4% among
17-20 years old. The prevalence of IrHPV was 2.0% in the
9-12 years age group, 8.8% in 13—16 years age group and
5.4% in the 17 — 20 years age group while the prevalence
of multiple HPV infections is 1.5% in the 9-12 years age
group, 3.4% in 13-16 years age group and 2.4% in the
17-20 years age group.

Type specific prevalence of HPV

The prevalence of unknown HPV types found in this
study population was 2.4%, suggesting substantial
prevalence of HPV types beyond those detected using
SPF,,LiPA,; in this study population. We detected nine
hrHPV types and the commonest hrHPV types were 52
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(3.9%), 18 (1.5%) and 51 (2.4%. The other hrHPV types
detected in this study were 58 (1.0%), 66 (1.0%), 45 (0.5%),
and 31 (0.5%). We did not detect any HPV type 16 in this
study sample. The most common IrHPV type we identi-
fied was type 6 (2.9%) followed by type 44 (1.0%). Other
IrtHPV types detected were types 68/73 (0.5%), and 74
(0.5). We did not detect IrHPV type 11 among this cohort
of adolescent girls. The distribution of these HPV types in
relation to the 27 positive participants is shown in Fig. 2.

The age at first detection of HPV types 18, 45, 66, 6,
and 74 was 16 years, while HPV types 51, 52, and 58 was
detected at 12 years. HPV types 31, 44 and 68/74 were
first detected at 19, 15 and 17 years respectively.

Multivariable analysis of risk factors for HPV infection

In multivariable logistic regression model that included
age, ever had sex and socio-economic status, only his-
tory of ever having sex (OR (95%CI): 3.11 (1.04-9.34),
p-value=0.04) was significantly associated with risk of
anyHPV. There was no statistically significant associa-
tions between low or high risk HPV and any other vari-
able in multivariable analyses (Table 2).

Discussion

Previous studies in Nigeria have reported the prevalence
of HPV infection in the general population of women
and also among HIV positive women [18, 19]. Up to
now, there has been few studies of the epidemiology of
HPV infection among adolescent girls, who are the tar-
get group for HPV vaccination. We present here one of
the first studies to focus specifically on the prevalence
and type distribution of HPV infection among adolescent
girls in Nigeria.

The overall prevalence of HPV found in vaginal swab in
this population of adolescent females irrespective of the
sample type was 13.2%. Globally, the overall prevalence of
HPV infection varies according to geographical regions.
Our finding is lower than the 24.5% finding among ado-
lescent girls age 14—19 years in the USA before the
introduction of HPV vaccination [21], 66.7% among
girls aged 16—22 years in South Africa and 32.5% among
17-18 year old girls in Tanzania [22, 23]. These differ-
ences may be due to differences in the type of test used
for the HPV detection, the age ranges, prevalence of HIV
and sexual history of the participants. While other stud-
ies were among sexually active adolescent girls, our study
participants were enrolled without consideration of their
sexual history. Our result also differed from that obtained
in a study of virgin girls in Tanzania [24]. This difference
reflect differences in population prevalence of HPV. A
study of adolescent and young adult girls in India [25]
reported similar HPV prevalence as this study [22, 26].
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Table 1 Characteristics of the study population and baseline HPV prevalence

Characteristic All subjects(n =205) HPV Negative HPV Positive (n=27) p-values
No. (%) mean (SD) (n=178) No. (%) mean (+SD)
No. (%) mean (+SD)
Age (yrs) 14.9 (2.34) 14.7(2.26) 15.7 (2.66) 0.03
9-12 40 (19.5) 35(19.7) 5(18.5)
13-16 115 (56.1) 105 (59.0) 0(37.0)
17-20 50 (24.4) 38(21.4) 12 (44.4)
Type of school 0.59
Public 104 (50.7) 89 (50.0) 15 (44.4)
Private 101 (49.3) 89 (50.0) 12 (55.6)
Socio-economic status 049
Low 83 (40.5) 71(39.9) 12 (44.4)
Middle 81(39.5) 73 (41.0) 8(29.6)
High 41 (20.0) 34(19.1) 7(25.9)
Menarche 0.03
No 60 (29.3) 57 (32.0) 3(11.1)
Yes 145 (70.7) 121 (68.0) 24 (88.9)
Ever had sex 0.01
No 186 (90.7) 163 (92.7) 21(77.8)
Yes 19(9.3) 13(7.3) 6(22.2)
Age at first sex (yrs) 13.3(3.58) 12.0 (3.46) 16.2(1.72) 0.07
<10 3(15.8) 3(23.1) 0(0.0)
10-12 5(26.3) 5(385) 0(0.0)
13-15 3(15.8) 2(15.4) 1(16.7)
16-18 8(42.1) 3(23.1) 5(83.3)
Number of sexual partners
0 186 (90.7) 165(92.7) 21(77.8)
1-2 17 (83) 13(7.3) 4(14.8)
3-4 2(1.0) 0(0.00) 2(74)
Forced Sex 0.60
No 8(42.1) 6 (46.2) 2(333)
Yes 11(57.9) 7(53.8) 4 (66.7)
Age of sexual partner (yrs) 0.1
<21 2(10.5) 2(15.4) 0(0.0)
>21 6(31.6) 1(7.7) 5(83.3)
No response/don’t know 11(57.9) 10 (76.9) 1(9.1)
Last time of sexual contact 034
<1 year 13 (684) 8(61.5) 5(83.3)
> 1 year 6(31.6) 5(385) 1(16.7)
Partner marital status 0.68
Single 16 (84.2) 11 (84.6) 5(83.3)
Don't know 1(5.3) 1(7.7) 0(0.0)
No response 2(10.5) 1(7.7) 1(16.7)
Masturbation 0.22
No 198 (96.6) 173(97.2) 25(92.6)
Yes 7(34) 5(2.8) 2(74)
Use toys for masturbation 0.50
No 6 (85.7) 4(80.0) 2(100.0)
Yes 1(14.3) 1(20.0) 0(0.0)
Condom use 0.85

Always 2(10.5) 1(7.7) 1(16.7)
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Table 1 (continued)
Characteristic All subjects(n=205) HPV Negative HPV Positive (n=27) p-values
No. (%) mean (SD) (n=178) No. (%) mean (+SD)
No. (%) mean (+SD)
Most of the time 1(5.3) (7.7) 0(0.0)
Never 13 (68.4) 9(69.2) 4(66.7)
Sometimes 3(15.8) (15.4) 101
Douching 040
No 171 (834) 150 (84.3) 21(77.8)
Yes 34 (16.6) 28 (15.7) 6(22.2)
Vaginal pH 48(047) 48 (048) 48 (043) 0.88
<45 7 (3.5) 6(34) 1(3.8)
45 102 (50.8) 90 (51.4) 12 (46.2)
>45 92 (45.8) 79 (45.1) 13 (50.0)
Discussed sex with father 0.19
No 151 (86.3) 134 (87.6) 17 (77.3)
Yes 24 (13.7) 19(12.4) 5(22.7)
Discussed sex with mother 097
No 81 (42.0) 71(42.0) 10 (41.7)
Yes 112 (58.0) 98 (58.0) 14 (58.3)
Discussed sex with others 0.12
No 56 (27.3) 52(29.2) 4(14.8)
Yes 149 (72.7) 126 (70.8) 23(85.2)
Who discussed sex with 0.06
Aunt 38 (25.5) 33(26.2) 5(21.7)
Friend 55(36.9) 45 (35.7) 10 (43.5)
Grandma 7(4.7) 5(4.0) 2(8.7)
Health care practitioner 1(0.7) 0(0.0) 1(4.4)
Neighbour 2(1.3) 1(0.8) 1(44)
Sister 28 (18.8) 27 (21.4) 1(44)
Teacher 16 (10.7) 14(11.1) 2(8.7)
Guardian 1(0.7) 0(0.0) 1(44)
Classmate 1(0.7) 1(0.8) 0(0.0)
Knowledge about HPV 038
No 200 (97.6) 173(97.2) 27 (100.0)
Yes 5(24) 5(28) 0(0.0)
Knowledge about HPV vaccine 038
No 200 (97.6) 173(97.2) 27 (100.0)
Yes 5(24) 5(2.8) 0(0.0)

We found significant associations between any HPV
infection, menarcheal status and history of ever having
sex. Association with age at first sex was marginally sig-
nificant with most HPV positive girls having first had sex
at more than 15 years of age compared with HPV nega-
tive girls, most of whom had their first sexual experience
at 15 years of age or less. Age is an important determi-
nant of HPV vaccination. The WHO recommends vac-
cine administration as early as age 9 years targeting
girls before the onset of sexual activity. In this study, the
earliest age at which anyHPV infections was detected

was 11 years. HPV Infection peaked at age 16 years and
declined with increasing age. This corroborates with pre-
vious findings that adolescent girls have higher exposure
to HPV infection [23] and could indicate exposures to
sexual activities [6, 27]. The WHO target group for the
primary prevention of HPV infection is age 9-14 years,
prior to sexual debut. Introduction of HPV vaccine in
the population of adolescent girls in SSA will be of great
benefit among 9-14 years old before infection peak,
which was 16 years in this study. Early intervention
through vaccine introduction and achievement of high
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vaccine coverage would reduce the risk of HPV infection
among girls [28]. Recent study of the national HPV vac-
cination programe in England showed substantial reduc-
tion in incidence of cervical cancer and CIN3 in young
women after the introduction of the HPV immunisation

programme in England with near elimination of cervical
cancer in women born since September 1, 1995 [28, 29].
The high HPV infection prevalence of 13.2% recorded
in this study is of public health concern and underscores
the importance of introduction of HPV vaccines among
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adolescents in Nigeria for the prevention of HPV infec-
tion and associated malignancies. Although more than
90% of all infection with any HPV resolve without treat-
ment within 2 years approximately 10% of infection fail
to resolve, resulting in persistent infection with the virus
[30]. Persistent infection with hrHPV type is the primary
risk factor for the development of HPV related cancer
[31]. The finding of high prevalence of HPV infection in
this study demonstrates the need for HPV persistence
studies among adolescent girls to identify those at high
risk of cervical cancer who require monitoring.

HPV vaccination is best administered to HPV naive indi-
viduals and before the onset of sexual activities [11]. The
earliest age for ever had sexual contact in this study was
6 years of age, And other studies have also shown that sex-
ual debut before age 15 years was common among young
people [32, 33]. Early age at sexual debut has implications
for hrHPV infection [34] and has also been associated
with other risky sexual behaviour [35], which contribute
to increase the likelihood of HPV infection persistence and
progression to cancer. Most of the first sexual experiences
reported by girls in this study was forced and most of the
participants have never discussed sex with either par-
ent. The commonest persons they discussed sex with was
their friend followed by aunts. This has implications for
sexual health, behavior, and education of adolescent girls
in Nigeria. Given the importance of sexual exposure and
its characteristics as described in this study, sexual educa-
tion at age 9—10 years, before the first sexual experience, is
recommended to reduce risk of risky sexual behavior and
associated disorders in this population.

The major limitation of the study is the small sample
size which reduced the power of the analyses, particularly
for exploration of associations between group and type-
specific HPV infections and their risk factors. Further-
more, this study was carried out among school attending
adolescent and early adult girls. The findings may not be
wholly generalizable to girls outside of school settings
where other factors are likely to play a role. An important
avenue for future research may be to consider including
girls who are out of school to give a more generalizable
outcome.

Conclusion

To the best of our knowledge, this is the first HPV study to
be conducted in Nigeria focused on young girls who are the
primary target group for HPV vaccine. Knowledge about
HPV infection prevalence among adolescent girls had pro-
vided an important gateway into HPV vaccine introduction
in and vaccine success evaluation. Our findings indicate that
HPV vaccination starting at 9 year of age would adequately
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cover the at-risk population in Nigeria. The study lays the
foundation for future monitoring of vaccine efficacy and
give insight into the determinants of persistent high-risk
HPYV infection (hrHPV) among the study population.
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