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Abstract

Women living with HIV (WLHIV) are at significantly higher risk of persistent high-risk
human papillomavirus (hrHPV), and consequently, cervical cancer. However, large
scale data on the epidemiology of hrHPV genotypes among WLHIV are limited in
Nigeria. The study aimed to determine the prevalence and distribution of hrHPV
among WLHIV in Nigeria. We conducted a cross-sectional study among 1327 WLHIV
aged 25-60 years receiving HIV care from six selected Nigeria Implementation
Science Alliance—Model Innovation and Research Centers (NISA-MIRCs) across
Nigeria. Cervical swabs were obtained, and HPV DNA genotype was determined
using the Hybribio Genoarray assay that detects 37 HPV genotypes including 14
high-risk HPVs. Sociodemographic and clinical data were collected using interviewer-
administered structured questionnaire. Factors independently associated with hrHPV
infection were identified using multivariable logistic regression. Statistical analysis
was performed using R statistical software (version 4.4.1) with significance set at

p <0.05. Among the 1105 participants with analyzable samples, the overall HPV and
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hrHPV prevalence were 30.9% and 22.1%, respectively, with regional differences.
Non-HPV 16 and 18 accounted for nearly two-thirds (67.6%) of hrHPV infections. The
top five most often detected hrHPVs were HPV-58 (14.2%), HPV-16 (12.7%), HPV-
52 (12.4%), HPV-31 (10.6%), and HPV-18 (10.3%). In a multivariate analysis, ART
usage for one year or less was associated with hrHPV infection (aOR = 8.2, 95% CI
4.3-16.0). This multi-site study showed a significant and genotype-diverse burden of
hrHPV among HIV-positive women in Nigeria, with most infections caused by non-
HPV16/18 variants. These findings emphasize the need for increased integration

of cervical cancer screening within HIV care and support the call for HPV vaccines
with broader genotype coverage beyond HPV 16 and 18 to address the prevailing
genotype distribution in this population.

Introduction

Cervical cancer (CxCa), caused primarily by persistent high-risk human papilloma-
virus (hrHPV) infection, is a major cause of cancer-related mortality among women
in sub-Saharan Africa (SSA) [1]. Women living with HIV (WLHIV) face a higher

risk for acquiring and sustaining persistent hrHPV infection, making them six times
more likely to have CxCa and twice the mortality risk compared to their HIV nega-
tive counterparts [2,3]. Nigeria bears one of the largest HIV burden globally with an
estimated 2 million people living with HIV and women disproportionately affected [4].
Also, CxCa is the second leading cause of cancer-related deaths among women in
the country [5]. Consequently, the implementation of effective CxCa prevention and
control strategies, particularly those tailored to the unique needs of WLHIV, is crucial
for Nigeria and SSA.

Human Papillomaviruses (HPV) are non-enveloped, double-stranded DNA viruses
that infect both keratinized and non-keratinized epithelial surfaces [6]. Based on the
potential to cause cancer, HPVs are broadly classified into two main groups: low-risk
(Ir) and high-risk (hr) HPV. Among the many identified HPV types, the International
Agency for Research on Cancer (IARC) classified twelve (HPV 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59) as Group 1 carcinogens, HPV 68 as Group 2A (Probable
high-risk), HPV 66, 53, 26, 82 group 2B (Probable high-risk) and many others includ-
ing HPV 6 and 11 as class 3 (not classifiable as carcinogenic) [5,7]. Globally, HPV
types 16 and 18 account for about 76% of CxCa [8]. While infection with hrHPV is
necessary, it is not sufficient on its own to cause CxCa. Other risk factors such as
coinfection with HIV and other STls, smoking, prolonged use of oral contraceptives,
socio-economic status, etc, play critical roles [2].

Approaches to CxCa control include vaccination, screening, and treatment of
precancerous lesions [9]. Consequently, type-specific HPV vaccines, including
bivalent, tetravalent, and nonavalent, have been introduced and are recommended
for adolescents and young women aged 9—26 years in many countries [10-12]. In
Nigeria, the tetravalent HPV vaccine has recently been rolled out for the vaccination
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of eligible adolescent girls across all the six-geopolitical zones [13]. However, the prevalence and genotype distribution
of hrHPV vary among regions and populations [14—19]. Also, currently existing HPV vaccines do not protect against all
identified hrHPV types. Consequently, generating reliable and population-specific data on hrHPV distribution in WLHIV is
crucial to evaluate, improve, and inform effective CxCa control strategies for this population in Nigeria.

In Nigeria, comprehensive data on hrHPV distribution among WLHIV is limited. A systematic review and meta-
analysis of studies in Nigeria by Ezechi et al [18] reported 70% hrHPV prevalence in the WLHIV subgroup from
southwestern and Northcentral Nigeria, with no representation from the other four regions. Similarly, a recent study
[20] covering four states in Nigeria reported an overall prevalence of 15.1%, reflecting wide variation in existing
data. With the renewed interest in CxCa control in Nigeria, the need for data on hrHPV in WLHIV cannot be
overemphasized. Thus, this large-scale multi-center study aimed to map the distribution of hrHPV among WLHIV
across Nigeria to provide robust multi-centre data to inform and/or optimize CxCa control strategies and interventions
in Nigeria.

Methods
Study design and setting

This was a cross-sectional study conducted in six healthcare facilities across Nigeria’s six geopolitical zones. The six
study sites were selected from the Nigeria Implementation Science Alliance—Model Innovation and Research Centers
(NISA-MIRCs). The NISA-MIRCs comprise 21 high-volume clinical sites that collectively provide care for more than
60,000 WLHIV nationwide [21] and have been designated for clinical and implementation research.

Six out of the twelve NISA-MIRCs participating in the Accelerating Cervical Cancer Elimination through the Integration
of Screen-and-treat Services (ACCESS) study, an implementation trial evaluating the implementation strategies to inte-
grate CC screening into the HIV program [22], were purposefully selected for this study (Fig 1).

Sample size determination and study population

Based on a high-risk HPV (hrHPV) prevalence of 19.6% among WLHIV in Lagos, Nigeria [17], a 90% confidence
level, and a 5% margin of error, a sample size of 1,320 women (220 per site) across the six study sites was
estimated. The sample size was calculated using Epi Info™ version 7. Between January 2025-June 2025

by convenient sampling the study recruited 1327 consenting WLHIV, aged 25-60 years, who were receiving
antiretroviral care across the six study sites with relatively even distribution: Northcentral (Nasarawa; n=225,16.9%),
Northeast (Gombe; n=220, 16.6%), Northwest (Kaduna; n=221,16.7%), Southeast (Enugu; n=220, 16.6%),
South-south (Cross River; n=222,16.7%) and Southwest (Lagos; n=219, 16.5%). Women who were: (i) clinically
unstable, (ii) pregnant, (iii) had a prior history of hysterectomy, or (iv) without any self-documented history of sexual
intercourse were excluded from the study.

Survey instrument and data collection

Data was collected using a pilot-tested, interviewer-administered questionnaire. The 18-item instrument was divided into
two sections to collect data relating to sociodemographic characteristics and cervical cancer-associated risk factors. Data
were entered into REDCap™ electronic data capture tools, with submission-lock features to prevent post-submission
edits. The instrument was piloted at a non-participating NISA-MIRC site for clarity and feasibility. Trained research coordi-
nators administered the final questionnaire across the study sites.

After questionnaire administration, a trained health nurse performed gynecological examinations and collected cer-
vical specimens for HPV DNA using cervical brush which was placed into a well labelled 3 ml MicroTest M4RT (Fisher
Scientific, USA) Transport Medium for viruses and chlamydia. At the end of recruitment MicroTest M4RT tubes containing
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Fig 1. Map of Nigeria indicating the six selected study sites.

https://doi.org/10.1371/journal.pone.0360438.9001

the cytological brush were stored at —20 degrees Celsius at the collection sites until shipment to the Molecular Biology
Research Laboratory, Lagos University Teaching Hospital, where HPV DNA testing was done.

HPV genotyping

Automated HPV DNA extraction and Genotyping were done using the HybriBio (HybriBio, Hong Kong) HPV GenoArray
assay, which employed an L1 consensus primer-based PCR followed by reverse line dot blot hybridization. The
GenoArray detects 37 HPV genotypes (including fourteen high-risk types (types 16, 18, 31, 33,35, 39, 45, 51, 52, 56,
58, 59, 66, 68) and twenty-three others. All procedures were performed according to the manufacturer’s instructions.
Briefly, PCR was performed in a Perkin-ElImer GeneAmp PCR system 9700 apparatus (Applied Biosystems) using a final
reaction volume of 25 pl containing 5 pl of DNA template, 19.25 pl of master mix, and 0.75 pl of DNA Taq polymerase. The
amplification protocol consisted of initial denaturation at 95°C for 9 minutes and 40 cycles of 20 seconds of denaturation
at 95°C, 30 seconds of annealing at 55°C, and 30 seconds of elongation at 72°C, followed by a final extension for 5
minutes at 72°C.

For detection and result interpretation, the resulting PCR products were denatured at 95°C for 5 minutes and subjected
to genotype-specific reverse dot blot hybridization using the GenoArray membrane-based platform. The assay utilized a
flow-through hybridization technique by actively directing the targeting molecules toward the immobilized probes within the
membrane fibers, with the complementary molecules being retained by the formation of duplexes. After a stringent wash,
the hybrids were detected by the addition of the streptavidin-horseradish peroxidase conjugate, which binds to the bioti-
nylated PCR products, and a substrate (nitroblue tetrazolium-5-bromo-4-chloro-3-indolylphosphate) to generate a purple
precipitate at the probe dot. The results were interpreted by direct visualization.
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Quality control

The positive control provided with the kit and the two negative controls (HPV-negative C33-A cells and PCR water) were
included in each set of PCRs to assess the performance of the test. After hybridization, the presence of a positive result
for both the “internal control” and the “biotin” dots within the membrane indicated that the isolated DNA was of good qual-
ity, the enzyme conjugate was valid, and the hybridization process was proper.

Statistical analysis

Data was analyzed using R statistical software (version 4.4.1). Descriptive statistics were used to summarize participants’
sociodemographic, clinical, sexual, and reproductive characteristics. Continuous variables were summarized using medi-
ans and interquartile ranges due to non-normal distributions, while categorical variables were summarized using frequen-
cies and percentages.

Overall, HPV and hrHPV prevalence were calculated as the proportion of participants with valid HPV test results who
tested positive. Prevalence estimates were further stratified by study region and participant characteristics. Differences in
HPV prevalence across categorical variables were assessed using Pearson’s chi-squared test, while Fisher’s exact test
was applied where expected cell counts were small. The distribution of hrHPV genotypes and the number of concurrent
hrHPV infections per individual (single versus multiple hrHPV infections) were summarized descriptively by region and
presented as figures and charts.

To identify independent predictors of hrHPV infection, multivariable logistic regression was performed, with hrHPV
status (positive vs. negative) modeled as the binary outcome. Variables considered for inclusion in the multivariable model
were selected based on biological plausibility, prior literature, and bivariate analyses. The final model included duration of
ART usage, age, age at first sexual intercourse, number of pregnancies, number of lifetime sexual partners, educational
attainment, history of other sexually transmitted infections, history of cervical cancer screening and study site. Variables
with very low cell counts (including contraceptive use category, occupation, and history of chronic disease) were excluded
to ensure model stability.

Data completeness varied across the variables included in the multivariable model, ranging from under 1% to about
14% (educational attainment). The main analysis included only participants with complete data on all model variables
(n=783 of 1105). To check whether this affected our results, we repeated the analysis using multiple imputations. Both
approaches gave consistent results in direction and statistical significance, supporting the reliability of our findings
(S1 Table).

Also, population attributable fractions (PAFs) were estimated for selected exposures identified in the multivariable
analysis to quantify the proportion of hrHPV infections attributable to these risk factors at the population level. PAFs and
corresponding 95% confidence intervals were derived using bootstrap resampling (1,000 iterations). All statistical tests
were two-sided, and p-values <0.05 were considered statistically significant.

Ethics

Ethical approval was obtained from the National Health Research Ethics Board with approval number
NHREC/01/01/2007-25/05/2024, and electronically signed informed consent was obtained from each participant before
recruitment. All hrHPV positive participants were triaged and referred to the team’s gynecologist for follow-up and
management.

Results
Demographic and clinical characteristics of the study population

HPV test results for a significant number of samples from South-South region were invalid, possibly due to poor sample
storage and handling issues. During quality control review it was also observed that available results from this site showed
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high degree of similarity in genotype profiles across samples raising concern about their reliability. Consequently, down-
stream data analysis and result presentation included only 1105 (83.3%) participants (median age 41 years (IQR 36—47)
from the other five sites (Fig 2).

Most participants (65.9%) attained at least secondary education, while 20.2% had primary education and 13.9% had
no formal education. Regarding marital status, 58.6% reported being married, while 11.3% were never married. The
remaining others were either widowed (20.3%) or divorced/separated (9.8%). The majority (80.6%) of the women were
in unskilled/vocational labour, while 14.3% and 5.1% were either in skilled employment or unemployed, respectively
(Table 1). The median age at sexual debut was 20 years (IQR 18-21) with nearly two-thirds (67.7%) of the women report-
ing first sexual intercourse between 18 and 24 years, while 21.3% initiated sexual intercourse before 18years. Only 104
(10.5%) reported early age (<18 years) at first pregnancy. Overall, 824 (74.6%) of the participants reported no previous
use of contraceptives. Additionally, 53.7% had experienced four or more pregnancies. The median for the number of
reported lifetime sexual partners was 2 (IQR 1,3) (Table 1). Most (927; 84.0%) of the women had been on ART for five
years or more, while only 72 (6.5%) had been on ART for a year or less. Among those with reported histories of comorbidi-
ties and other sexually transmitted infections (STIs), 1010 (91.4%) and 891 (80.6%) reported no history of chronic disease
or prior other STls, respectively. Prior cervical cancer screening coverage was moderate, with 656 (59.4%) participants
reporting having been screened in the past (Table 1).

Overall HPV prevalence

Of the 1,105 participants, 341 WLHIV tested positive for any of the 37 HPV types detectable by the assay, resulting in an
overall HPV prevalence of 30.9% (Table 2). HPV prevalence varied significantly (p=0.005) across study sites, with the
lowest prevalence (23.1%) in NC (NAS) and the highest (36.5%) in SW (LAG).

HPV prevalence did not differ significantly by age group, formal educational attainment, marital status, occupation, age
at sexual debut, age at first pregnancy, previous contraceptive use, cervical cancer screening history, history of other STI
and chronic disease.(all p>0.05) Participants who had been on ART for <1 year had the highest HPV prevalence (63.9%),

Total number of participant recruited with cervical swab collected across
the six geopolitical zones in Nigeria
n=1327

. E— — —

Northcentral Northeast Northwest Southeast Southwest South-south
(NC) (NE) (NW) (SE) (SW) (SS)
(n=225 (n=220) (n=221) (n=220) (n=219) (n=222)
HPV DNA Testing
\ ______________________ - S8 excluded due to invalid test results
(n=222)

Data Analysis and Result Presentation Presentation
(n=1105, 83.3%)

Fig 2. Flowchart of recruited participants, HPV DNA Testing and inclusion in the final analysis. 1327 cervical swabs were collected from all par-
ticipants and tested for HPV DNA using Hybribio HPV GeneArray Assay. HPV DNA test result for participants from South-south Nigeria were invalid and
were excluded from the final analysis and result presentation.

https://doi.org/10.1371/journal.pone.0360438.9002
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Table 1. Sociodemographic and clinical characteristics of the study population.

Characteristic Category Total (%) NC (NAS) (%) | NE(GMB) (%) |NW (KAD) (%) |SE (ENU) (%) |SW(LAG) (%)
No Recruited* 1,105 225 (20.4) 220 (19.9) 221(20.0) 220 (19.9) 219 (19.8)
Age at last birthday 25-40 525 (47.5) 123 (11.1) 133 (12.0) 76 (6.9) 97 (8.8) 96 (8.7)
(years)
> 40 580 (52.5) 102 (9.2) 87 (7.9) 145 (13.1) 123 (11.1) 123 (11.1)
Median (Q1, Q3) | 41 (37, 47) 40 (35, 47) 40 (35, 46) 43 (39, 48) 42 (37, 47) 42 (36, 49)
Highest formal education | Post-secondary | 267 (24.2) 60 (5.4) 32 (2.9) 45 (4.1) 82 (7.4) 48 (4.3)
attained
Secondary 461 (41.7) 55 (5.0) 68 (6.2) 113 (10.2) 108 (9.8) 117 (10.6)
Primary 223 (20.2) 43 (3.9) 51 (4.6) 48 (4.3) 30 (2.7) 51 (4.6)
None 154 (13.9) 67 (6.1) 69 (6.2) 15 (1.4) 0(0.0) 3(0.3)
Marital status Married 648 (58.6) 128 (11.6) 145 (13.1) 104 (9.4) 145 (13.1) 126 (11.4)
Never Married 125 (11.3) 18 (1.6) 13(1.2) 32 (2.9) 36 (3.3) 26 (2.4)
Separated/ 108 (9.8) 19 (1.7) 25 (2.3) 26 (2.4) 7 (0.6) 31(2.8)
Divorced
Widowed 224 (20.3) 60 (5.4) 37 (3.3) 59 (5.3) 32 (2.9) 36 (3.3)
Occupation Skilled 158 (14.3) 47 (4.3) 15(1.4) 15(1.4) 47 (4.3) 34 (3.1)
Unskilled 891 (80.6) 163 (14.8) 181 (16.4) 203 (18.4) 162 (14.7) 182 (16.5)
Unemployed 56 (5.1) 15 (1.4) 24 (2.2) 3(0.3) 11 (1.0) 3(0.3)
Age at coitarche (years) | <18 235 (21.3) 59 (5.3) 104 (9.4) 9(0.8) 19 (1.7) 44 (4.0)
18-24 748 (67.7) 147 (13.3) 98 (8.9) 209 (18.9) 148 (13.4) 146 (13.2)
>=25 122 (11.0) 19 (1.7) 18 (1.6) 3(0.3) 53 (4.8) 29 (2.6)
Median (Q1, Q3) | 20.0 (18.0, 21.0) | 19.0 (17.0, 21.0) | 18.0 (16.0, 20.0) | 20.0 (19.0, 21.0) | 20.0 (19.0, 24.0) | 19.0 (18.0,
22.0)
Age at first pregnancy <18 104 (10.5) 28 (2.8) 56 (5.6) 4(0.4) 9(0.9) 7(0.7)
(years)
18-30 839 (84.6) 173 (17.4) 144 (14.5) 194 (19.6) 141 (14.2) 187 (18.9)
>=30 49 (4.9) 4(0.4) 5(0.5) 2(0.2) 21 (2.1) 17 (1.7)
Median (Q1, Q3) | 22.0 (19.0, 25.0) | 21.0 (19.0, 23.0) | 19.0 (17.0, 22.0) | 23.0 (22.0, 24.0) | 24.0 (20.0, 28.0) | 23.0 (20.0,
26.0)
Contraceptives use Yes 281 (25.4) 66 (6.0) 34 (3.1) 82 (7.4) 23 (2.1) 76 (6.9)
No 824 (74.6) 159 (14.4) 186 (16.8) 139 (12.6) 197 (17.8) 143 (12.9)
Number of pregnancies | 0 113 (10.2) 20 (1.8) 15(1.4) 21 (1.9) 49 (4.4) 8(0.7)
1-3 450 (45.4) 71(7.2) 75 (7.6) 102 (10.3) 98 (9.9) 104 (10.5)
>=4 542 (54.6) 134 (13.5) 130 (13.1) 98 (9.9) 73 (7.4) 107 (10.8)
Median (Q1, Q3) | 4.00 (2.00, 5.00) | 5.00 (3.00, 6.00) | 4.00 (3.00, 6.00) | 3.00 (2.00, 5.00) | 3.00 (2.00, 5.00) | 4.00 (2.00,
5.00)
Number of lifetime sexual | 1 284 (25.7) 43 (3.9) 97 (8.8) 102 (9.2) 17 (1.5) 25 (2.3)
relationships
2-4 669 (60.5) 149 (13.5) 107 (9.7) 119 (10.8) 175 (15.8) 119 (10.8)
>=5 152 (13.8) 33 (3.0) 16 (1.4) 0(0.0) 28 (2.5) 75 (6.8)
Median (Q1, Q3) | 2.00 (1.00, 3.00) | 2.00 (2.00, 3.00) | 2.00 (1.00, 3.00) | 2.00 (1.00, 2.00) | 3.00 (2.00, 3.00) | 3.00 (2.00,
5.00)
ART duration (years) <=1 72 (6.5) 1(0.1) 8(0.7) 6 (0.5) 25 (2.3) 32 (2.9)
2-4 105 (9.5) 7 (0.6) 12 (1.1) 18 (1.6) 35(3.2) 33 (3.0)
>=5 927 (84.0) 217 (19.7) 200 (18.1) 197 (17.8) 159 (14.4) 154 (13.9)
Median (Q1, Q3) | 10.0 (6.0, 15.0) | 13.0(10.0, 16.0) | 11.0 (8.0, 15.0) | 11.0 (8.0, 15.0) | 10.0 (4.0, 15.0) |7.0 (3.0, 10.0)
History of other sexually | Yes 214 (19.4) 124 (11.2) 18 (1.6) 0(0.0) 24 (2.2) 48 (4.3)
Transmitted Infections
(Continued)
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Table 1. (Continued)

Characteristic Category Total (%) NC (NAS) (%) | NE (GMB) (%) |NW (KAD) (%) |SE (ENU) (%) |SW(LAG) (%)

No 891 (80.6) 101 (9.1) 202 (18.3) 221 (20.0) 196 (17.7) 171 (15.5)
History of chronic disease | Yes 95 (8.6) 35(3.2) 25 (2.3) 0(0.0) 5(0.5) 30 (2.7)

No 1,010 (91.4) 190 (17.2) 195 (17.6) 221 (20.0) 215 (19.5) 189 (17.1)
Ever screened for cervical| Yes 656 (59.4) 170 (15.4) 120 (10.9) 140 (12.7) 118 (10.7) 108 (9.8)
cancer

No 449 (40.6) 55 (5.0) 100 (9.0) 81 (7.3) 102 (9.2) 111 (10.0)

NC =North-Central, NE =North-East, NW =North-West, SE = South-East, SW =South-West, NAS =Nasarawa, GMB = Gombe, KAD =Kaduna, ENU=Enu-
gu, LAG=Lagos, ART =Anti-retroviral therapy, No Recruited*=Participants with analyzable sample

https://doi.org/10.1371/journal.pone.0360438.t001

compared with those who had been on ART for 2—4 years (33.3%) and 25 years (28.0%) (p<0.001). Additionally, HPV
prevalence increased with the number of lifetime sexual relationships with women reporting five or more partners having
the highest prevalence (40.1%) (p<0.01) (Table 2).

High-risk HPV prevalence

Altogether, 244 study participants tested positive for at least one high-risk HPV (hrHPV) type, yielding an overall hrHPV
prevalence of 22.1%. Varied hrHPV prevalence was noted across study sites, with the lowest prevalence (15.4%) in NW
(KAD) and the highest (27.3%) in NE (GMB). High-risk HPVs were responsible for 71.6% of all HPV infections and were
consistently high across all sites, ranging from 59.6% in NW (KAD) to 78.9% in NE (GMB). This suggests that most HPV
infections in this population involve high-risk types (Table 3). HrHPV prevalence did not vary significantly with study pop-
ulation demographic characteristics. Also, women who initiated sexual activity at <18 years demonstrated higher hrHPV
prevalence (26.0%) compared with a range between 20.7% — 23.0% in those reporting later sexual debut. HrHPV preva-
lence tended to be numerically higher in those reporting multiple lifetime sexual partners, particularly 25 partners (26.3%),
compared to those who reported one lifetime sexual partner (16.9%). Markedly higher hrHPV prevalence (55.6%) was
noted in participants with shorter ART duration (<1 year), while those who had been on ART for 25 years had lower prev-
alence (19.3%) (p=0.043). No significant difference in hrHPV prevalence was seen among WLHIV with a history of other
sexually transmitted infections and other chronic disease and those who reported no such history. Overall, these findings
highlight substantial regional heterogeneity and underscore the importance of sexual and HIV-related factors in hrHPV
distribution among women living with HIV.

In multivariable logistic regression analysis, ART duration of <1 year was independently associated with higher odds
of hrHPV infection (aOR = 8.2, 95% CI 4.3-16.0, p<0.001), compared with those who had been on ART for five or more
years. Age, educational attainment, Age at first sexual intercourse, number of pregnancies, number of lifetime sexual part-
ners, other STI history, cervical cancer screening history, and individual study site were not independently associated with
hrHPV infection after adjustment (Table 4).

Population attributable fractions (PAFs) were estimated to quantify the proportion of hrHPV infections attributable to
selected exposures identified in the multivariable model. The PAF for short duration of ART use (<1 year) (vs. 25 years)
was 14.8% (95% CI: 9.9%-19.8%), indicating that approximately one in seven hrHPV infections in the population were
statistically associated with shorter duration of ART use, under the assumptions of the model (Table 5).

High-risk HPV distribution in the study population

Overall, the five most common hrHPV genotypes were HPV-58 (14.2%), HPV-16 (12.7%), HPV-52 (12.4%), HPV-31
(10.6%), and HPV-18 (10.3%). This distribution pattern was nearly consistent across the study sites (Fig 3a-f).
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Table 2. HPV Prevalence in the study population.

Variable Category Tested Positive HPV prevalence (%) p-value
HPV Prevalence Overall 1,105 341 30.9
Region NC (NAS) 225 52 231

NE (GMB) 220 76 34.5

NW (KAD) 221 57 25.8

SE (ENU) 220 76 34.5

SW(LAG) 219 80 36.5 0.005
Age at last birthday (years) > 40 580 177 30.5

25-40 525 164 31.2 0.8
Highest formal education attained None 154 47 30.5

Post-secondary 267 88 33.0

Primary 223 71 31.8

Secondary 461 135 29.3 0.8
Marital status Married 648 196 30.2

Never Married 125 49 39.2

Separated/Divorced 108 32 29.6

Widowed 224 64 28.6 0.2
Occupation Skilled 158 42 26.6

Unskilled 891 279 31.3

Unemployed 56 20 35.7 0.4
Age at first sexual intercourse (years) <18 235 86 36.6

18-24 748 220 29.4

>=25 122 35 28.7 0.1
Age at first pregnancy (years) <18 104 34 32.7

18-30 839 249 29.7

>=30 49 14 28.6 0.8
Previous contraceptive use No 824 255 30.9

Yes 281 86 30.6 >0.9
Number of pregnancies >=4 542 163 30.1

1-3 450 134 29.8 >0.9

0 113 44 38.9
Number of lifetime sexual relationships 1 284 74 26.1

2-4 669 206 30.8

>=5 152 61 40.1 0.01
ART duration (years) <=1 72 46 63.9

2-4 105 35 33.3

>=5 927 260 28.0 <0.001
History of Other Sexually Transmitted Infections No 891 281 315

Yes 214 60 28.0 0.3
History of chronic disease No 1,010 307 304

Yes 95 34 35.8 0.3
Ever screened for cervical cancer No 449 152 33.9

Yes 656 189 28.8 0.075

NC =North-Central, NE =North-East, NW =North-West,
gu, LAG =Lagos. ART =Anti-retroviral therapy.

SE =South-East, SW=South-West, NAS =Nasarawa, GMB = Gombe, KAD =Kaduna, ENU =Enu-

https://doi.org/10.1371/journal.pone.0360438.t002
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Table 3. Prevalence of high-risk HPV by participants characteristics and region.

Variable Category Tested Positive Hr-HPV p-value
prevalence (%)

Region NC (NAS) 225 38 16.9

NE (GMB) 220 60 27.3

NW (KAD) 221 34 15.4

SE (ENU) 220 55 25.0

SW(LAG) 219 57 26.0

Total 1105 244 221 0.20
Proportion of hrHPV in HPV positive across the regions NC (NAS) 52 38 73.1

NE (GMB) 76 60 78.9

NW (KAD) 57 34 59.6

SE (ENU) 76 55 72.3

SW(LAG) 80 57 71.3

Total 341 244 71.6 >0.9
Age at last birthday (years) 25-40 525 119 22.7

> 40 580 125 21.6 0.7
Highest formal education attained None 154 32 20.8

Primary 223 51 229

Secondary 461 97 21.0

Post-secondary 267 64 24.0 >0.9
Marital status Never Married 125 37 29.6

Married 648 146 22.5

Separated/Divorced 108 20 18.5

Widowed 224 41 18.3 0.2
Occupation Skilled 158 28 17.7

Unskilled 891 203 22.8

Unemployed 56 13 23.2 0.6
Age at first sexual intercourse (years) <18 235 61 26.0

18-24 748 155 20.7

>=25 122 28 23.0 0.5
Age at first pregnancy (years) <18 104 25 24.0

18-30 839 178 21.2

>=30 49 10 20.4 >0.9
Contraceptives use Yes 281 61 21.7

No 824 183 22.2 0.9
Number of pregnancies 0 113 31 274

1-3 450 97 21.6

>=4 542 116 21.4 0.8
Number of lifetime sexual partners 1 284 48 16.9

2-4 669 156 23.3

>=5 152 40 26.3 0.1
ART duration (years) <=1 72 40 55.6

2-4 105 25 23.8

>=5 927 179 19.3 0.043
History of other Sexually Transmitted Infections Yes 214 44 20.6

No 891 200 22.4 0.7
History of chronic disease Yes 95 25 26.3

(Continued)
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Table 3. (Continued)

Variable Category Tested Positive Hr-HPV p-value
prevalence (%)
No 1010 219 21.7 0.8
Ever screened for cervical cancer Yes 656 135 20.6
No 449 109 24.3 >0.9

NC =North-Central, NE = North-East, NW =North-West, SE = South-East, SW =South-West, NAS = Nasarawa, GMB = Gombe, KAD =Kaduna, ENU =Enu-
gu, LAG =Lagos. ART =Anti-retroviral therapy.

https://doi.org/10.1371/journal.pone.0360438.t003

Regarding the distribution of hrHPV covered by bivalent and tetravalent HPV vaccines, 79 (32.4%) were infected with
HPV types 16 and/or 18, while 165 (67.6%) harbored non-16/18 hrHPV types (Fig 4a). Thus, hrHPV genotypes not cov-
ered by the currently deployed vaccine in Nigeria accounted for nearly two-thirds of hrHPV infections in this study. Partici-
pants were mostly infected with one hrHPV type, as single infection constituted about 174 (71.3%) of the hrHPV infection,
while 52 (21.3%) and 18 (7.4%) had dual hrHPV infections, and more than two hrHPV types, respectively (Fig 4b). The
extent of multiple hrHPV infections varied by study sites, with SE, SW, and NE demonstrating relatively higher proportions
of participants infected with two or more hrHPV types. In contrast, NC and NW were dominated by single hrHPV infections
(Fig 4c).

Regarding the proportion of individual hrHPV genotypes that occurred as single or multiple infections, about 55% of
HPV 16 occurred as a single infection, while 43% of HPV 18 occurred as a single infection (Fig 5).

Discussion

This large-scale multi-site study presents comprehensive data on hrHPV prevalence and distribution in WLHIV across
Nigeria. We observed a substantial prevalence of hrHPV, which constituted about 71.6% of all HPV infections and an
overall prevalence of 22.1% with some regional variations (Table 3). Interestingly, HPV 16/18 mainly targeted by the
current vaccination program in Nigeria, accounted for only about one-third of all hrHPV infections, while types such as
HPV-58, 52, and 31 were also frequently detected (Figs 3a and 4a). Though HPV16/18 are responsible for nearly 76%
of all cervical cancers [8], evidence from many studies suggests that other hrHPV types beyond HPV 16/18 contribute
significantly to cervical neoplasia and cancers [23—-25]. Furthermore, shorter duration of ART use was found to be
associated with HrHPV infection, with women who had been on ART for a year or less showing higher odds (aOR = 8.2,
95% CI 4.3-16.0) of hrHPV infection compared to those who had taken ART for 5 years or longer (Table 4). Importantly
up to 40.6% of the study population have never had cervical cancer screening. Taken together, these findings highlight
the urgent need for early cervical cancer screening following HIV diagnosis, sustained integration of HPV prevention
into HIV care program and consideration for broader genotype coverage in screening and vaccination policies tailored to
WLHIV.

The observed overall prevalence of 30.9% for HPV infection, with a significant regional variation (p=0.005) indicates
substantial HPV burden in the study population (Table 2). The rate of 30.9% for any HPV types obtained is comparable
to previously reported rates ranging from 28%— 35% in similar cohorts from different countries in Africa, including Nigeria
[26—29]. Conversely, a recent systematic review and meta-analysis [30] of studies conducted between 2019-2024
among WLHIV in SSA involving a total of 9954 participants reported a pooled prevalence of 49.9% (95% C. |=42.43—
56.38%), though with high heterogeneity reflecting significant differences between studies. The differences between
the observed HPV prevalence noted in this study and the above-mentioned studies may be due to regional, population,
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Table 4. Multivariate analysis: Predictors of high-risk HPV infection in the study participants.

Characteristic Adjusted OR 95% CI p-value
Region SE (ENU) Reference

SW (LAG) 1.0 0.6,1.8 0.900

NC (NAS) 0.9 0.5,1.7 0.715

NE (GMB) 1.6 0.9,2.9 0.124

NW (KAD) 0.8 04,15 0.472
Age at last birthday (years) > 40 Reference

25-40 1.0 0.7,1.4 0.952
Highest formal education attained None Reference

Post-secondary 1.3 0.7,2.3 0.454

Primary 1.0 0.6, 1.8 0.947

Secondary 0.9 0.5,1.5 0.575
Age at first sexual intercourse (years) <18 Reference

18-24 0.8 0.5,1.2 0.292

>=25 0.8 0.4,1.6 0.540
Number of pregnancies >=4 Reference

1-3 1.0 0.7,1.4 >0.905
Number of lifetime sexual partners >=5 Reference

2-4 0.9 0.5,1.5 0.634

1 0.6 0.3, 1.1 0.110
ART duration (years) >=5 Reference

2-4 1.0 0.5,1.8 0.978

<=1 8.2 4.3,16.0 <0.001
History of other Sexually Transmitted Infections Yes Reference

No 1.2 0.8, 2.1 0.362
Ever screened for cervical cancer Yes Reference

No 0.8 0.6,1.2 0.298

No evidence of multicollinearity was observed: All GVIFA(1/(2*Df)) values = 1.03—1.06. AIC=903.8. Adjusted for all variables listed in the table. Removed
in model: Variables having low counts (Contraceptive use category, History of chronic disease, occupation). Analysis included only participants with com-
plete data; a sensitivity check using multiple imputation gave consistent results. GVIF =Generalized Variance Inflation Factor, Df = Degrees of freedom,
AIC =Akaike Information Criterion.

https://doi.org/10.1371/journal.pone.0360438.t004

Table 5. Population attributable fraction for high-risk HPV infection.

Exposure PAF (%)* 95% ClI lower limit) 95% CI upper limit)
Short duration of ART (<1 year) 14.8 9.9 19.8

* Population attributable fractions (PAFs). Confidence interval (Cl) derived using 1000 bootstrap resamples. Note: covariates used in the PAF estimation
are the same variables retained in the multivariable logistic regression model.

https://doi.org/10.1371/journal.pone.0360438.t005

and HPV genotyping methods variations across studies. Variation in HPV prevalence among regions and populations is
documented [15]. Also, different HPV DNA detection platforms vary in sensitivity and specificity [31].

About 71.6% of all HPV infections comprised of hrHPV infection, indicating many of the HPV positive WLHIV were
infected by at least one hrHPV (Table 3). The preponderance of hrHPV agrees with the expectation that WLHIV are more
likely to be infected with hrHPV, which increases their risk for CxCa. Similar studies in other low- and middle-income coun-
tries have reported high proportions (51.0%— 67.2%) of hrHPV in WLHIV with HPV infection [32,33].
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Fig 3. a-f. Distribution Pattern of HrHPV Detected in the study. a=Distribution pattern across all the study sites; b-e =Pattern seen in different region
b=NorthCentral (NAS), c=Northeast (GMB), d = Southeast (ENU), e =Northwest (KAD), f=Southwest (LAG).

https://doi.org/10.1371/journal.pone.0360438.9003
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Fig 4. a. Proportion of study population with HPV 16/18 and Non-HPV 16/18 infection. b. Prevalence of single and multiple high risk HPV infection
in the study population. c. Prevalence of single and multiple high risk HPV infection in the study population.

https://doi.org/10.137 1/journal.pone.0360438.9004

The overall hrHPV prevalence of 22.1%, with variations across study sites ranging between 15.4% in the Northwest
(KAD) to 27.3% in the Northeast (GMB), falls within the rates of 15.1% - 28.8% reported in Nigeria and other African
countries [20,34,35]. A recent large-scale study of WLHIV spanning four states in Nigeria also reported varying
prevalences ranging from 13.1% in Kebbi (NE) to 18.7% in Lagos (SW) [20]. In contrast, a pooled rate as high as
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71% (95% CI: 0.69, 0.73) was reported in a systematic and meta-analysis report of hrHPV in Nigerian WLHIV [18].
Similarly, in another review of studies on hrHPV infection among WLHIV in Africa [30] indicated a pooled prevalence

of 49% (95% C. 1=42.43-56.38%) with the highest and lowest rates from studies from Central and Northern Africa,
respectively. The lower rate of 22.1% in this study compared to the previously mentioned review may reflect differences
in assay methods employed.

Regarding hrHPV distribution, HPV 16/18 accounted for only 32.4% of hrHPV infections in this study, which align with
observations from another study in WLHIV from Nigeria, where non 16/18 accounted for the majority of hrHPV [20]. While
HPV 16 and 18 are known to be responsible for nearly 76% of cervical cancers worldwide, other hrHPV also play signif-
icant roles. HPV 58, HPV 16, HPV 52, HPV 31, and HPV 18 were the five most frequently detected types in this study.
This pattern is consistent with genotype distributions reported among WLHIV in SSA. For example, in studies from eastern
Africa, hrHPV types 52, 16, and 58 were found to be the predominant genotype in WLHIV [36,37]. Similarly, in Benin and
Mali, HPV58, HPV 16 and 52, and HPV 16, HPV 51 and HPV 52 were the most frequently observed, respectively [38].
This distribution pattern has implications for the HPV vaccination program in Nigeria, where the tetravalent HPV vaccine
(targeting only HPV 6/11/16/18) is being widely deployed, leaving gaps for other frequently detected hrHPV types. Con-
sistent with other reports [20,39] many of the women in our study had single hrHPV infections, suggesting that whereas
women may be exposed to several hrHPV types, most infections occur as isolated genotype events rather than concur-
rent multi-type infections.

In this study, women who reported five or more lifetime partners had the highest HPV prevalence (any HPV types
detectable by the assay employed) in our study, which may indicate higher cumulative exposure to HPV (Table 2). This
supports the documented evidence of the role of sexual behaviors in HPV transmission [1,40] and reinforces the need for
comprehensive sexual health education and promotion of safer sexual practices in WLHIV. Also, women who had been on
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ART for < | year had a significantly higher HPV prevalence (any HPV) when compared with women who had a more pro-
longed ART duration (Table 2). Long-term antiretroviral treatment may boost immunological reconstitution, thus enhanc-
ing control of HPV infection. However, being a cross-sectional study, recent initiation of therapy may, rather than having

a direct temporal effect on HPV infection, reflect ongoing high-risk sexual behavior. Similarly, in multivariable analysis,
women with ART duration under <1 year had more than eightfold higher odds of hrHPV infection compared to those who
had received treatment for 25 years (Table 4). Ermel et al [41] in a longitudinal study among WLHIV in Kenya showed that
longer duration of ART use was associated with lower risk of any HPV detection. Precisely in the study, each additional
year of ART use reduced the likelihood of HPV detection by 10-15%. Similarly, a cross-sectional study from an Ethiopian
cohort found that ART duration of < 2 years was associated with three times the odds of hrHPV infection [35]. This finding
could indicate immunological dysregulation and poor immune reconstitution during early HIV infection, which can limit
HPV clearance and encourage the persistence of hrHPV strains. When ART is initiated, it takes time for the immune sys-
tem to recover and regain the ability to effectively clear and control HPV infection [42,43]. Thus, the observed association
between short-term ART use and hrHPV infection may reflect incomplete immune reconstitution, including the restoration
of HPV-specific cell-mediated immunity. Incorporating early HPV screening into HIV care programs is important. According
to the population attributable fraction, roughly 14.8% of hrHPV infections were statistically associated with shorter ART
duration (Table 5), highlighting the need for enhanced surveillance in women with recent HIV diagnosis.

Limitations

The study has some limitations. First, because of its cross-sectional nature, we could not infer a causal relationship,
limiting our ability to determine whether short-term ART use directly increases hrHPV infection risk or reflects persistent
high-risk behaviors. Second convenient sampling approach used may have introduced selection bias thus finding may

not fully represent all WLHIV in Nigeria as clinical, behavioral and demographic characteristics which may influence HPV
prevalence and distribution may differ in WLHIV who are not retained in care Third, comprehensive immunologic and
treatment-related characteristics such as CD4 count, HIV viral load, and ART adherence were not included, which limits
the mechanistic interpretation of the observed relationships. Finally, the exclusion of one geopolitical zone may reduce the
entire national representation of our findings. Despite these limitations, the work provides valuable multi-site genotype-
specific data on WLHIV in Nigeria.

Conclusion

In summary, this large multi-site study provides genotype-specific evidence of a significant hrHPV burden among WLHIV
in Nigeria with regional heterogeneity, highlights the preponderance of high-risk HPV genotypes not covered by biva-
lent and tetravalent vaccines, and identifies short ART duration as a key determinant of hrHPV infection. These findings
provide critical insights for integrating cervical cancer prevention into HIV care and supports consideration for the use of
nonavalent HPV vaccine which covers most of the hrHPV types detected in this study.
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