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Abstract

Background: High-risk human papillomavirus (HPV) is a leading cause of cervical cancer,
particularly in settings with high-risk sexual behaviours and limited preventive care. HPV
prevalence peaks in adolescence and early adulthood due to early sexual initiation, multiple
partners, inconsistent condom use, anal intercourse, and oral–genital contact. To assess the
prevalence and associated risk factors for high-risk HPV infections among female students
in Benin City, Nigeria. A faith-based college in Benin City, Nigeria. Methods: A cross-
sectional study was conducted among 133 female nursing students. Self-collected genital
swabs were analysed using real-time fluorescence quantitative PCR to detect 14 high-
risk HPV types. Participants completed a structured questionnaire on sexual behaviour,
contraceptive use, and HPV knowledge. Results: The overall high-risk HPV prevalence
was 45/133 (33.8%), with 39 (29.3%) presenting multiple infections. HPV66, 58, and
56 were the most common types detected. Significant associations were observed with oral
contraceptive use (OR = 3.2, 95% CI = 1.01–9.97) and abnormal vaginal discharge (p = 0.028).
Conclusions: The predominance of HPV66, HPV58, and HPV56 highlights the increasing
importance of non-vaccine HPV genotypes and shows the need for targeted screening
and vaccination. Associations with abnormal vaginal discharge and oral contraceptive
use emphasize the importance of sexual health education and routine gynaecological
care among young women. This study underscores the need for targeted HPV screening,
vaccination, and sexual health education to reduce cervical cancer risk among young
women in Nigeria.

Keywords: HPV; self-sampling; female; students; Edo state; high-risk; risk factors; Nigeria

1. Introduction
HPV is the most common sexually transmitted infection (STI) worldwide, affecting

both men and women [1]. While most infections are transient and cleared by the immune
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system, persistent infections with high-risk HPV types are strongly associated with cervical
cancer and other anogenital malignancies.

HPV 16 and 18 have been known to account for approximately 70% of cervical cancer
globally; however, emerging evidence suggests increasing regional variability in genotype
distribution, particularly in sub-Saharan Africa [2]. This variability may help explain
observed differences in disease burden across regions. Sub-Saharan Africa bears a dis-
proportionately high burden, accounting for over 20% of global cervical cancer cases. In
Nigeria, HPV prevalence among women of reproductive age ranges between 10% and 25%,
contributing significantly to the country’s cervical cancer morbidity and mortality [3,4]. Al-
though HPV DNA testing has been recommended by the WHO as the preferred method for
cervical cancer screening, Nigeria’s Cervical Cancer control program primarily advocates
for the more accessible “screen-and-treat” approach using visual inspection with acetic
acid (VIA) to suit local resource constraints.

In sub-Saharan Africa, the burden of HPV-related diseases is exacerbated by limited
healthcare infrastructure, high HIV prevalence, and socio-cultural factors that influence
sexual health behaviours [5]. Benin City, a commercial hub in southern Nigeria, has
been identified as a hotspot for HPV assessment, and inconsistent access to healthcare
services [6]. These factors contribute to the heightened risk of HPV infection among
young women, particularly those in higher education institutions, where awareness and
vaccination coverage may be suboptimal.

Nigeria’s national HPV vaccination program remains underdeveloped, with low
uptake rates due to financial constraints, vaccine hesitancy, and lack of awareness [7]. In Oc-
tober 2023, Nigeria launched the largest single-round HPV vaccination campaign in Africa,
integrating the single-dose vaccine into its routine immunization program and targeting
7.7 million girls aged 9 to 14; by mid-2024, over 12 million girls had been vaccinated [8].

In Edo State, the campaign began on 27 May 2024, with strong advocacy led by the First
Lady and support from health partners, focusing on community education and stakeholder
engagement to promote vaccine uptake and dispel myths [8]. The vaccination campaign
was focused on younger adolescents, whereas this study was focused on young adult
females aged 18–25 years. Previous studies from Benin City reveal low HPV awareness and
vaccine uptake across multiple groups: only 5.7% seroprevalence was found among females,
with multiple sexual partners as a major risk factor. Similarly, about 97% of secondary
school girls and a majority of parents lacked adequate knowledge on HPV vaccination, and
even among medical students with positive attitudes, actual vaccination rates remained
below 4% [9–11].

Young adult female nursing students are an ideal population for an HPV study due to
their potential role as future healthcare providers and educators, yet they often exhibit gaps in
knowledge and low vaccine uptake despite their increased exposure to health information.

This study aims to identify the risk factors associated with HPV infection among
young female students in Benin, Nigeria, and propose targeted health promotion strategies
to mitigate the burden of HPV-associated diseases.

2. Methodology
2.1. Study Design

This cross-sectional study was conducted among 133 female nursing students in
Benin City, Edo State. Self-collected vaginal swab samples were used for HPV detec-
tion, enhancing methodological transparency and comparability with other studies. The
self-collected genital swabs were screened for 14 high-risk HPV types using real-time
fluorescence quantitative PCR, while participants completed structured questionnaires as-
sessing sexual behavior, contraceptive use, and HPV knowledge; data were analyzed using
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descriptive statistics, chi-square tests, and logistic regression to identify factors associated
with HPV infection.

2.2. Setting

The study was conducted between November and December 2024 at a faith-based
school, which has a total female (only) student population of over 390. For this study, only
female nursing students were included as the study population, consistent with the focus
on high-risk HPV infections among females.

2.3. Study Population

The study included 133 female students aged 18 to 24 years, who provided informed
consent, were willing to self-collect genital samples for HPV testing, and participated
voluntarily, ensuring ethical compliance. Participants were not restricted to only sexually
active individuals; sexual exposure status was determined through self-reported history
of penetrative intercourse using a structured questionnaire. Direct eligibility questions
were initially asked, while the structured questionnaire was administered after enrolment
for detailed characterization of sexual behaviors, but not for eligibility determination.
Those reporting no sexual activity were included in descriptive analyses but excluded from
behavioural risk modelling where relevant.

2.4. Sample Size and Selection Criteria
2.4.1. Sample Size Determination and Sampling Method:

The sample size was determined using the single population proportion formula:

N = Z 2P Q/d2,

where N is the required sample size, Z is the standard normal deviate at 95% confidence
level (1.96), p is the estimated prevalence of high-risk HPV (25% based on previous studies
in similar populations) [12], and d is the margin of error set at 5% (0.05). This yielded a
minimum required sample of approximately 113 participants. Given the relatively small
study population (~390 students), a finite population correction (FPC) was applied. After
adjusting for a 15% non-response rate, the final minimum sample size was 130. A total
of 133 participants were recruited. This sample size was considered sufficient to estimate
HPV prevalence with acceptable precision and to detect moderate associations, while the
multivariate analysis was conservatively specified to avoid overfitting.

A purposive sampling method was used, targeting sexually active female nursing
students aged 18 to 24 years who were present and willing to participate during the
study period.

2.4.2. Sample Collection and Storage

Participants received training on proper self-collection of genital swabs using sterile
collection kits. After collection, the samples were temporarily stored in a −80 ◦C freezer at
the University of Benin Teaching Hospital (UBTH). They were then transported under a
maintained cold chain to the Clinical Virology Laboratory, College of Medicine, University
of Ibadan, for analysis.

2.5. HPV Genotyping

DNA was extracted using the Qiagen Spin Column DNA Extraction Kit, (QIAGEN,
Hilden, Germany) following the manufacturer’s instructions. The extracted nucleic acid
was stored at −80 ◦C until further analysis. HPV DNA was detected using a real-time
fluorescence qPCR detection kit ((Guangzhou Viuick Biotechnology Co., Ltd., Guangzhou,
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China) on a Bio-Rad CFX96 Real-Time System. The assay targets 14 high-risk HPV types
(HPV-16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66 and -68) and two lrHPV
(HPV-6 and 11), detected simultaneously using four different probe master mixes across
four detection channels. The kits contain seven components: HPV Positive Control, HPV
Negative Control, Re-dissolved Diluent, and HPV Ready Master Mix 1 to 4. Briefly, after
homogenizing the master mix, 20 µL of it was added to each PCR tube along with 5 µL of
the positive control or DNA extract for samples. The amplification was initiated by adding
5 µL of the extracted eluent to the PCR reaction tubes, excluding the positive and negative
control tubes. The Bio-Rad CFX96 Real-Time System (Bio-Rad Laboratories, Hercules, CA,
USA) was used for amplification and detection, following the kit’s recommended DNA
amplification program.

2.6. Data Collection

Each participant completed a structured questionnaire assessing demographic char-
acteristics, sexual behavior, and awareness of HPV. Questions included age at first sexual
intercourse, number of sexual partners, history of sexually transmitted infections, and
knowledge of HPV vaccination. Age categories were defined to reflect differences in sexual
behaviour, biological susceptibility, and HPV acquisition dynamics between late adoles-
cence (18–20 years) and early adulthood (21–24 years), consistent with WHO classifications
and epidemiological evidence indicating variation in HPV exposure and persistence across
these age groups. Side occupation, which is a secondary-income-generating activity aside
from formal education, was included as a proxy indicator of socioeconomic exposure, as
students engaged in part-time work may experience increased financial independence,
broader social networks, and altered time-use patterns, all of which have been associated
with a higher likelihood of sexual activity and potential STI exposure.

2.7. Statistical Analysis

Data were analyzed using descriptive statistics, followed by bivariate and multivariate
analyses. Chi-square tests were used when expected cell counts were ≥5, while Fisher’s
exact test was applied when expected counts were <5. Variables with p < 0.20 in bivariate
analysis were included in the multivariate logistic regression model. The regression model
was re-run with a reduced number of predictors, and sparse categories were merged or
excluded to improve model stability and reduce excessively large odds ratios and wide
confidence intervals, resulting in more stable estimates. Firth’s logistic regression was
applied to reduce bias. Significance was set at p < 0.05.

2.8. Definition of Multiple Infection

Multiple HPV infection was defined as the detection of two or more distinct high-risk
HPV genotypes in a single-participant sample during PCR analysis. Only high-risk HPV
types included in the assay panel were considered in this classification.

2.9. Ethical Consideration

Ethical approval for the study was sought and obtained from the Edo State Ministry of
Health Ethics Committee (Approval No: HA/737/24/C/04003215), ensuring compliance
with ethical research standards. Additionally, written permission was granted by the
Provost of the institution to facilitate the study. Informed consent was obtained from all
participants before enrollment, ensuring their voluntary participation and adherence to
ethical guidelines for human subject research. Participant data confidentiality was ensured
through anonymized data collection, secure storage, and restricted access, in compliance
with ethical guidelines.
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3. Results
3.1. Participant Characteristics

All participants were female students (n = 133), with the majority aged 18–20 years
(41.4%). Most were unmarried (86.5%), had no side occupation (78.2%), and were from
monogamous family settings (85.7%). A large proportion resided within Edo State (82.7%).
Detailed sociodemographic characteristics are presented in Table 1.

Table 1. Sociodemographic characteristics of participants and HPV infection.

Characteristics
HPV Infection

Total p-Value
Positive Negative

Sex

Female 45 (33.8) 88 (66.2) 133 (100) -

Age group
(years)

18–20 15 (27.3) 40 (72.7) 55 (41.4)

21–23 18 (42.9) 24 (57.1) 42 (31.6) 0.274

>24 12 (33.3) 24 (66.7) 36 (27.1)

Religion

Christianity 32 (33.7) 63 (66.3) 95 (71.4)

Islam 11 (31.4) 24 (68.6) 35 (26.3) 0.513

African
Tradition 2 (66.7) 1 (33.3) 3 (2.3)

Education

First year 2 (33.3) 4 (66.7) 6 (4.5)

Second year 19 (31.1) 42 (68.9) 61 (45.9)

Third year 19 (38.0) 31 (62.0) 50 (37.6) 0.909

Fourth 5 (31.3) 11 (68.8) 16 (12.0)

Occupation

No side
occupation 34 (32.7) 70 (67.3) 104 (78.2)

Artisan 1 (9.1) 10 (90.9) 11 (8.3) 0.032 *

Trading 10 (55.6) 8 (44.4) 18 (13.5)

Marital Status

Single 43 (37.4) 72 (62.6) 115 (86.5)

Married 2 (13.3) 13 (86.7) 15 (11.3) 0.099

Divorced 0 3 (100.0) 3 (2.3)

Family type

Monogamous 34 (29.8) 80 (70.2) 114 (85.7) 0.017 *

Polygamous 11 (57.9) 8 (42.1) 19 (14.3)

Residence

Outside Edo
state 11 (47.8) 12 (52.2) 23 (17.3) 0.119

Inside Edo State 34 (30.9) 76 (69.1) 110 (82.7)
Fisher’s exact test applied when expected counts < 5; * p < 0.05 (statistically significant).
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3.2. Prevalence and Genotype Distribution of HPV

The overall prevalence of high-risk HPV infection was 33.8% (45/133). Among partic-
ipants, 29.3% (39/133) had multiple high-risk HPV infections, while 4.5% (6/133) had a
single high-risk infection. Low-risk HPV types were detected in 5.3% (7/133) of participants.
The most frequently detected high-risk genotypes were HPV66 (17.6%), HPV58 (13.1%),
HPV56 (10.5%), and HPV52 (9.8%), while HPV31 and HPV68 were the least prevalent. The
distribution of HPV genotypes is illustrated in Figure 1.

Figure 1. Distribution of HPV genotypes among participants.

3.3. Bivariate Analysis of Factors Associated with HPV Infection

Bivariate analysis identified several factors significantly associated with HPV infection.
Sociodemographic variables such as family type (p = 0.017) and side occupation (p = 0.032)
were significantly associated with HPV positivity. Among medical history variables, ab-
normal vaginal discharge (p = 0.028) and oral contraceptive use (p < 0.001) also showed
significant associations with HPV infection (Table 2).

Table 2. Medical History of Participants and HPV Infection.

Characteristics
HPV Status

Total p-Value
Positive Negative

HPV
vaccination

Yes 4 (30.8) 9 (69.2) 13 (9.8) 1.00

No 41 (34.2) 79 (65.8) 120 (90.2)

Prior screening
for HPV

Yes 5 (50.0) 5 (50.0) 10 (7.5) 0.305

No 40 (32.5) 83 (67.5) 123 (92.5)

Previous STI

Yes 6 (54.5) 5 (45.5) 11 (8.3) 0.182

No 39 (32.0) 83 (68.0) 122 (91.7)

Previous
genital warts
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Table 2. Cont.

Characteristics
HPV Status

Total p-Value
Positive Negative

Yes 4 (50.0) 4 (50.0) 8 (6.0) 0.442

No 41 (32.8) 84 (67.2) 125 (94.0)

Experienced
bleeding PV

Yes 4 (20.0) 16 (80.0) 20 (15.0) 0.156

No 41 (36.3) 72 (63.7) 113 (85.0)

Abnormal
vaginal

discharge

Yes 22 (45.8) 26 (54.2) 48 (36.1) 0.028 *

No 23 (27.1) 62 (72.9) 85 (63.9)

Oral
Contraceptive

use

Yes 24 (57.1) 18 (42.9) 42 (31.6) <0.001 *

No 21 (23.1) 70 (76.9) 91 (68.4)
Fisher’s exact test applied when expected counts < 5; * p < 0.05 (statistically significant). STI = sexually transmitted
infections; PV = Per Vagina.

For sexual and behavioural factors, the analysis was restricted to participants with
a history of sexual exposure (n = 69), excluding those with no sexual experience (n = 64).
Within this restricted population, none of the sexual behaviour variables demonstrated a
statistically significant association with HPV infection (all p > 0.05) (Table 3).

Table 3. Sexual and behavioural characteristics associated with HPV infection among sexually
exposed participants (n = 69).

Characteristics
HPV Infection

Total p-Value
Positive n (%) Negative n (%)

Sexual History

Skin-to-skin
sex

Yes 29 (49.2) 30 (50.8) 59 (85.51) <0.301

No 3 (30.0) 7 (70.0) 10 (14.49)

Sexually active
for a long time

Yes 21 (48.8) 22 (51.2) 43 (62.32) 0.598

No 11 (42.3) 15 (57.7) 26 (37.68)

Regular
condom use

Yes 16 (45.7) 19 (54.3) 35 (50.72) 0.904

No 16 (47.1) 18 (52.9) 34 (49.28)

Partner
condom use
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Table 3. Cont.

Characteristics
HPV Infection

Total p-Value
Positive n (%) Negative n (%)

Yes 17 (50.0) 17 (50.0) 34 (49.28) 0.536

No 15 (42.9) 20 (57.1) 35 (50.72)

Mutually
monogamous

Yes 20 (50.0) 20 (50.0) 40 (57.97) 0.472

No 12 (41.4) 17 (58.6) 29 (42.03)

Sex with same
sex

Yes 6 (50) 6 (50) 12 (17.39) 1.000

No 26 (45.6) 31 (54.4) 57 (82.61)

Exposure to
genital fluids

Yes 15 (45.5) 18 (54.5) 33 (47.83) 0.981

No 16 (45.7) 19 (54.3) 35 (50.72)

Age at first
vaginal sex

(years)

<18 0 (0) 3 (100.0) 3 (4.35)

18–20 15 (62.5) 9 (37.5) 24 (34.78) 0.118

21–23 7 (43.8) 9 (56.2) 16 (23.19)

≥24 2 (28.6) 5 (71.4) 7 (10.15)

Age at first
oral sex (years)

<18 0 (0) 1 (100.0) 1 (1.45) 0.247

18–20 9 (60.0) 6 (40.0) 15 (21.74)

21–23 2 (28.6) 5 (71.4) 7 (10.15)

≥24 3 (50.0) 3 (50.0) 6 (8.70)

Number of oral
sex partners

1 15 (45.5) 18 (54.5) 33 (47.83) 0.421

2–4 3 (60.0) 2 (40.0) 5 (7.25)

5–10 0 (0.0) 1 (100.0) 1 (1.45)

Number of
vaginal sex

partners

1 26 (46.4) 30 (53.6) 56 (81.16)

2–4 3 (50.0) 3 (50.0) 6 (8.70) 0.873

>5 2 (50.0) 2 (50.0) 4 (5.80)
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Table 3. Cont.

Characteristics
HPV Infection

Total p-Value
Positive n (%) Negative n (%)

Number of
current sex

partners

None 2 (25.0) 6 (75.0) 8 (11.59) 0.312

1 26 (48.1) 28 (51.9) 54 (78.26)

>1 3 (50.0) 3 (50.0) 6 (8.70)

Number of
lifetime sex

partners

1 20 (43.5) 26 (56.5) 46 (66.67) 0.478

>1 9 (52.9) 8 (47.1) 17 (24.64)
Fisher’s exact test was applied where expected cell counts were <5. Analysis restricted to participants with a
history of sexual exposure (n = 69). Participants reporting no sexual experience (n = 64) were excluded.

3.4. Multivariate Logistic Regression Analysis

Variables with p < 0.20 in bivariate analysis were included in the multivariate logistic
regression model to identify independent predictors of HPV infection. To improve model
stability, sparse categories were merged or excluded, and Firth’s penalized likelihood
method was applied. The results of multivariate logistic regression analysis are presented
in Table 4.

Table 4. Multivariate Logistic Regression of Risk Factors for HPV Infection.

Characteristics Adjusted Odds Ratio 95% CI

Occupation *

Artisan 1

None 17.99 1.210–267.6

Trading 59.80 3.097–1154.40

Family type

Monogamous 1

Polygamous 3.702 0.970–14.122

Abnormal changes in
vagina

No 1

Yes 1.951 0.730–5.214

Contraception drug use *

No 1

Yes 3.173 1.01–9.969

Sexual exposure

Vaginal sex 0.373 0.043–3.222

Oral sex 0.165 0.003–10.063
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Table 4. Cont.

Characteristics Adjusted Odds Ratio 95% CI

Both oral and vaginal sex 0.612 0.043–8.730

Skin to skin sex

No 1

Yes 1.327 0.252–6.987

Sexually active with long
relation

No 1

Yes 1.475 0.396–5.494

Age at first vaginal sex

18–20 1

21–23 0.876 0.105–7.324

24 0.315 0.024–4.208

Number of current sex
partners

None 1.056 0.218–5.111

One 6.825 0.205–227.422

More than one 4.483 0.089–224.88

Number of life sex partner

0 1

1 0.558 0.016–19.885

>1 1.282 0.031–52.209
CI = Confidence Interval; Reference category = 1.00. * Statistically significant predictor in the multivariate logistic
regression model (p < 0.05). Analysis restricted to sexually active participants.

In the adjusted model, having a side occupation remained significantly associated
with HPV infection. Participants with no side occupation had higher odds of HPV infection
compared to artisans (AOR = 17.99; 95% CI: 1.21–267.6), while those engaged in trading
had substantially higher odds (AOR = 59.80; 95% CI: 3.10–1154.40).

Oral contraceptive use was also independently associated with HPV infection, with users
having over three times higher odds compared to non-users (AOR = 3.17; 95% CI: 1.01–9.97).

4. Discussion
This study reveals a high prevalence of high-risk HPV infections among young female

students in Benin City, predominantly HPV66, HPV58, HPV56, and HPV52, in contrast to
the global focus on HPV16 and HPV18 [13]. The prevalence of these genotypes is epidemi-
ologically significant, as HPV58 and HPV56 have been linked to cervical intraepithelial
neoplasia and invasive cervical cancer in several populations, including sub-Saharan Africa.
Despite HPV66 being categorized as a probable high-risk genotype and excluded from
current nonavalent vaccines, its significant incidence in this study indicates potential
gaps in vaccine coverage. These findings show the importance of continuous molecular
surveillance and the need for region-specific prevention strategies aligned with local geno-
type distribution patterns. These findings are consistent with reports from Ghana, where
vaccine-preventable HPV genotypes were found to be widely distributed among women
presenting for cervical screening, underscoring the continued relevance of HPV vaccination
and genotype surveillance in West African populations [14].
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The high HPV prevalence observed in this study is comparable to findings from a
similar study in Ibadan, which also reported elevated infection rates among women
aged 15–29 years [15]. Reports from other settings show variability in HPV prevalence;
for instance, a large-scale study in South Africa documented an overall prevalence of
45.2% among sexually active women [16], while higher prevalence has been reported
among HIV-positive and sexually active cohorts reported a higher HPV prevalence in
Kenya [17]. These studies are presented for contextual reference, as differences in study
populations, methodologies, and underlying risk factors limit direct comparability.

In contrast, studies from high-income countries have reported lower HPV prevalence,
coinciding with the implementation of widespread vaccination programs and routine
cervical screening. For example, in the United States, HPV prevalence among young
women declined following vaccine introduction [18]. However, these observations are
context-specific and are cautiously interpreted due to differences in healthcare systems,
population characteristics, and prevention strategies.

Behavioral factors such as multiple sexual partners, early sexual debut, and lack
of HPV vaccination were significantly associated with HPV positivity, consistent with
global epidemiological trends [2]. These findings, coupled with low vaccine coverage
among participants, highlight the urgent need for improved access to HPV vaccination
programs in Nigeria.

Although several African nations, including Rwanda and South Africa, have suc-
cessfully implemented national HPV vaccination strategies [19] Nigeria has only recently
introduced the HPV vaccine into its national immunization schedule (2023) via the Na-
tional Primary Health Care Development Agency (NPHCDA) [8]. Vaccine rollout remains
limited, particularly outside the primary target age group of 9–14 years. These observations
reinforce the need for intensified public health education, expanded vaccination outreach,
and sustained political commitment to achieve widespread vaccine uptake and long-term
protection against high-risk HPV infections.

The high prevalence reported in Benin City further emphasizes the need for
targeted HPV vaccination programs, increased awareness, and enhanced cervical
cancer screening efforts. Evidence from a long time post-vaccination surveillance in the
United States (2019–2022) demonstrates that vaccination significantly reduces infection
rates among young women [20], supporting its potential effectiveness in Nigeria.

This study also demonstrates the feasibility of self-sampling and molecular testing,
providing timely, locally relevant data to inform vaccine composition, early vaccination
strategies, and more inclusive, context-specific HPV prevention programs.

Strengths of the study include its focus on a high-risk group during early HPV vac-
cine rollout and the use of molecular methods and self-sampling to enhance detection.
Limitations include its cross-sectional design, relatively small sample size, and purposive
sampling approach. The use of purposive sampling introduces a risk of selection bias, as
participants were recruited based on predefined criteria rather than random selection. As a
result, the study population may not fully reflect the diversity of the broader population of
young women, potentially influencing the observed prevalence of high-risk HPV infection
and associated risk factors. This limitation restricts the generalizability of the findings
beyond the study setting and highlights the need for future studies using probability-based
sampling techniques. Reliance on self-reported behavioural data introduces potential re-
porting bias. HIV status was not assessed due to ethical and logistical constraints, which
may influence HPV epidemiology. Some regression estimates showed wide confidence
intervals due to small cell sizes and sparse data, which may limit the precision and inter-
pretability of certain associations. Although this was addressed by refining the regression
model and applying Firth’s logistic regression, residual uncertainty may remain.
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5. Conclusions
This study reveals a high burden of high-risk HPV infection among young women

in Benin City, Nigeria, driven predominantly by HPV genotypes not currently included
in the nonavalent HPV vaccine, particularly HPV types 66 and 56, as well as HPV types
58 and 52. The findings highlight the need for expanded molecular surveillance and
locally tailored HPV prevention strategies, including targeted vaccination, screening, and
sexual health education. Behavioral factors such as multiple sexual partners, early sexual
debut, and lack of HPV vaccination were factors associated with HPV positivity, consistent
with global trends. The feasibility of self-sampling demonstrated in this study supports
broader HPV screening and surveillance, while the observed genotype distribution may
inform vaccine policy, early vaccination strategies, and context-specific HPV prevention
programme in Nigeria.
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