McClung et al. BMC Infectious Diseases (2022) 22:176 BMC |nfeCtiOUS Diseases
https://doi.org/10.1186/512879-022-07130-x

RESEARCH Open Access

®
HPV prevalence among young adult women @

living with and without HIV in Botswana
for future HPV vaccine impact monitoring

Nancy McClung"”, Anikie Mathoma?, Julia W. Gargano', Naledi Gape Nyepetsi?, Troy D. Querec?,
Juanita Onyekwuluje®, Madisa Mine*, Chelsea Morroni®, Rebecca Luckett®, Lauri E. Markowitz' and
Doreen Ramogola-Masire’

Abstract

Introduction: In 2015, Botswana introduced quadrivalent human papillomavirus (HPV) vaccine for girls aged

9-13 years. To establish a baseline HPV prevalence for future HPV vaccine impact monitoring, we evaluated HPV
prevalences among the youngest unvaccinated women in Botswana and compared HPV prevalences among women
living with HIV (WLHIV) and without HIV.

Methods: Women aged 18-22 years were recruited from the University of Botswana and HIV clinics in Gaborone
from October 2019-January 2021. Demographic and behavioral characteristics were self-reported during structured
interviews; HIV clinical characteristics were abstracted from medical charts. Self-collected vaginal swabs were tested
for 28 HPV types using Seegene Anyplex Il HPV28. We compared prevalence of any HPV, high risk (HR)-HPV, and
quadrivalent HPV vaccine types (HPV6/11/16/18) among WLHIV and women without HIV and evaluated risk factors
for prevalence of HR-HPV.

Results: A total of 306 WLHIV and 500 women without HIV were recruited. Compared to women without HIV, WLHIV
were more likely to be sexually experienced (86.6% versus 74.4%) and have > 3 lifetime sex partners (55.3% versus
27.8%). All HPV type prevalences were significantly higher among WLHIV compared to women without HIV, including
prevalence of any HPV (82.7% versus 63.0%), HR-HPV (72.9% versus 53.8%), and quadrivalent vaccine HPV types (34.3%
versus 21.0%). Among WLHIV, there were no differences between those perinatally and non-perinatally infected for
HPV prevalences, number of HPV types detected, CD4 count, or viral load.

Conclusions: Over one-third of WLHIV and nearly a quarter of those without HIV had vaccine-type HPV detected.
This study supports need for the national HPV vaccination program in Botswana and provides important baseline
data for future evaluation of impact of the program.
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Background

Cervical cancer is the most common cancer among
women in Botswana and elsewhere in Sub-Saharan Africa
[1]. Human papillomavirus (HPV) infection causes cervi-
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(WLHIV) have almost five times the risk of cervical can-
cer compared to women without HIV [4]. Botswana has
a high prevalence of HIV [5], with approximately 28% of
women aged 15-49 years living with HIV [6].

In 2015, Botswana introduced HPV vaccine into their
national immunization program for the prevention of
cervical and other HPV-associated cancers [1, 7]. Quad-
rivalent HPV vaccine (which targets HPV types 6, 11,
16, and 18) is delivered through school-based programs
in a 2-dose schedule for girls without HIV and a 3-dose
schedule for girls living with HIV, in accordance with
World Health Organization (WHO) recommendations
[8]. In the first year of the immunization program, girls
aged 9-13 years were vaccinated, followed by girls aged
9 years in subsequent years. Over 90% 2-dose coverage
of girls in the targeted age range was achieved in the first
year of the program (personal communication, Botswana
Ministry of Health and Wellness). Botswana was the sec-
ond country in Africa to introduce HPV vaccination into
their national program and the first country in Africa to
introduce a 2-dose vaccination schedule [9].

Impact of HPV vaccination programs in many high-
income countries has been observed through the reduc-
tion in prevalence of HPV vaccine targeted types and
other HPV attributable outcomes [10]. Little informa-
tion, however, is available on the impact of HPV vacci-
nation programs in low- and middle-income countries.
Further, among WLHIV, there are few data on efficacy
or effectiveness of HPV vaccine, although immuno-
genicity studies show that most persons living with HIV
develop antibodies after vaccination [11, 12]. The aims
of this study were to: (1) establish baseline HPV vaccine
and non-vaccine-type prevalences among WLHIV aged
18-22 years in Botswana for future evaluation of HPV
vaccine impact, (2) compare HPV prevalences between
WLHIV and women living without HIV, and (3) to deter-
mine risk factors for high-risk (HR)-HPV infection.

Methods

We analyzed data from female participants in the Base-
line HPV Prevalence for Vaccine Impact Monitoring in
Botswana Study, a cross-sectional study of HPV preva-
lence among young adults aged 18-22 years. Although
HPV vaccine was introduced in the national immuni-
zation program in Botswana in 2015, a baseline HPV
prevalence could still be established among young adult
women because girls vaccinated in the first year of the
national program were 13—17 years-old in 2019, when
the study recruitment began. Participants were consec-
utively recruited from the University of Botswana and
HIV clinics in Gaborone, Botswana, from October 2019—
January 2021, with the majority of participants recruited
by July 2020. The inclusion criteria were documented
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HIV status in the prior 12 months (Ministry of Health
HIV status card or rapid HIV test at enrollment) and
age 18-22 years. Exclusion criteria included unknown
HIV status, refusal of access to medical records to obtain
information on HIV treatment and care, or known cur-
rent pregnancy. Informed consent was provided by all
participants prior to any data collection. Participants
self-reported demographic and behavioral characteristics
during structured interviews and self-collected a vaginal
swab. Clinical data were abstracted from medical records
for WLHIV.

DNA was isolated from specimens with proteinase
K lysis followed by automated extraction in the NucliS-
ENS easyMAG (bioMérieux SA, Marcy-I'Etoile, France)
following manufacturer’s instructions. Swabs in the
specimen transport medium (STM) were agitated on
an orbital shaker for 45 min at ambient room tempera-
ture. For specimen lysis, 200 pL of vaginal swab STM
was incubated with 20 pL proteinase K (catalog number
CMG-1077, Perkin Elmer, Shelton, CT, USA) and enough
NucliSENS easyMAG Lysis Buffer (catalog # 280134, bio-
Mérieux) to bring the total processing volume to 800 pL.
After incubation at 65 °C for 1 h, extraction was com-
pleted on NucliSENS EasyMAG (bioMérieux). DNA was
eluted in 100 pL of buffer 3 at a pH > 8.0 and temperature
of 70 °C. Water aliquots were processed in parallel with
specimens as negative controls for DNA contamination.

Extracts were tested according to manufacturer’s End
Point-CMTA protocol with Anyplex II HPV28 assay
(catalog # HP7S00X; Seegene, Seoul, Korea). This assay
detects 28 HPV types (6, 11, 16, 18, 26, 31, 33, 35, 39,
40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 61, 66, 68,
69, 70, 73, and 82) and human internal control DNA.
The assay was conducted on CFX96 Dx System (catalog
#IBRD1855196, Bio-Rad, Hercules, California, USA).
Automated analysis by Seegene Viewer software inter-
preted results as HPV positive, HPV negative or invalid.

This analysis was restricted to participants with valid
HPV typing results. Demographic variables included age,
sex, marital status (single versus married/living together),
and education (vocational college or more, secondary,
part of secondary or less). Behavioral characteristics
included ever having sex (yes, no), number of sex part-
ners in past 12 months (0, 1, 2, > 3), lifetime number of
sex partners (0, 1, 2, 3-5, >6), age of first sex (vaginal,
oral, or anal sex, <18, > 18 years), age of first sex partner
(<20 versus > 20 years), age of current sex partner (<24,
>24 vyears), sexual orientation (heterosexual/straight,
homosexual/gay or lesbian, bisexual, other), condom use
in past 3 months (always, sometimes/never, no sex in past
3 months), tobacco use (daily, weekly, none), and ever
pregnant (yes, no). HIV status (positive, negative) was
based on documentation obtained at enrollment. Among
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WLHIV, the most recent CD4 count (<200, 200-349,
350-499, > 500 cells/mm?), most recent viral load (<400,
> 400 copies/mL), and age of antiretroviral therapy (ART)
initiation (0-10, 11-17, > 18 years) were abstracted from
medical charts. Perinatal infection was ascertained via
self-report (yes, no, unknown). A small number of par-
ticipants (n=18) reported perinatal infection status that
appeared implausible in light of other self-reported or
chart-verified information and were reclassified accord-
ingly: participants who started ART at age <15 years but
self-reported non-perinatal or unknown infection were
re-classified as perinatally infected (n=6). Participants
who started ART at age > 15 years and within 1 year of
first sex, and self-reported perinatal infection, were re-
classified as not perinatally infected (n=12). Although
study participants were not expected to have received
HPV vaccination based on age eligibility, self-reported
HPV vaccination status was obtained to identify any bias
in baseline HPV prevalence results. Only 4% of study
participants reported plausible HPV vaccination based
on age and geographic location; due to the small number,
these participants were included in the analysis.

HPV types were categorized as any HPV, any HR-HPV
(HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68),
any low-risk (LR)-HPV (HPVG6, 11, 26, 40, 42, 43, 44, 53,
54, 61, 69, 70, 73, 82), quadrivalent vaccine types (HPV6,
11, 16, 18), HR-HPYV vaccine types (HPV16, 18), and LR-
HPV vaccine types (HPV6, 11). Among participants with
any HPV detected, number of HPV types detected were
categorized as 1, 2—4, and > 5.

Demographic and behavioral characteristics were
described by HIV status. HPV prevalences were also
described by HIV status for both individual HPV types
and HPV type categories, and among sexually expe-
rienced participants for HPV type categories. HPV
prevalences and HIV clinical characteristics were also
described by perinatal HIV infection status among sexu-
ally experienced WLHIV.

Because HR-HPV infections can result in more rapid
neoplastic changes in WLHIV, we were interested in
identifying characteristics associated with HR-HPV
prevalence by HIV status. Among sexually experienced
participants, unadjusted prevalence ratios (PR) and 95%
confidence intervals (CI) were calculated using log-bino-
mial regression to evaluate associations between selected
participant characteristics and HR-HPV. Multivariable
models were developed using backward selection (p<0.3
to enter, p<0.15 to stay) to identify characteristics asso-
ciated with having a prevalent HR-HPV infection in this
population. For the models, lifetime number of sex part-
ners were categorized as 1-2 versus >3, CD4 count as
<350 versus >350 cells/mm?, and age of ART initiation
as <15 versus > 15 years. A sensitivity analysis excluding
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perinatally-infected WLHIV was conducted, but no
meaningful differences in model findings were observed
(data not shown). All analyses were conducted using SAS
9.4 (Statistical Analysis Software, Cary, NC, USA).

Results

Among 806 female participants, 306 were HIV-infected
and 500 were HIV-uninfected; all participants had valid
HPV typing results. Compared to women without HIV,
WLHIV were more likely to be sexually experienced
(86.6% versus 74.4%), have >3 sex partners in the past
12 months (20.0% versus 9.7%) and in their lifetime
(55.3% versus 27.8%), and have a current sex partner
> 24 years-old (71.7% versus 33.2%) (Table 1). Among
WLHIV, 94.7% had a viral load <400 copies/mL, 82.3%
had a CD4 count > 350 cells/mm?, and 33.7% were per-
inatally infected; 99.7% of WLHIV were on ART at the
time of study enrollment.

HPV prevalences were significantly higher among
WLHIV compared to women living without HIV, includ-
ing prevalence of any HPV (82.7% versus 63.0%) and
quadrivalent vaccine-type HPV (34.3% versus 21.0%)
(Table 2). Among women with HPV detected, WLHIV
were also more likely to have multiple HPV types. HPV
prevalences were slightly higher, and remained signifi-
cantly different between groups, when limiting the analy-
sis to sexually experienced participants.

Among sexually experienced WLHIV, no differences in
CD4 count or viral load were observed between perina-
tally and non-perinatally infected women (Table 3). Most
WLHIV who were perinatally infected initiated ART
at ages 5-9 years, and only 10.6% initiated ART at ages
<5 years. No differences were observed in HPV preva-
lences (including quadrivalent vaccine types) between
these two groups, and thus they were combined for sub-
sequent analyses.

The most common HR-HPV and LR-HPV types
detected in WLHIV and women living without HIV are
shown in Fig. 1. The five most common HR-HPV types
detected among WLHIV included HPV35 (20.8%),
HPV58 (18.9%), HPV66 (15.9%), HPV56 (15.9%), and
HPV52 (15.5%). Among women living without HIV, the
most common HR-HPV types included HPV51 (15.9%),
HPV39 (13.2%), HPV66 (12.6%), HPV35 (12.6%), and
HPV56 (11.6%).

Characteristics significantly associated with prevalence
of any HR-HPV in unadjusted analyses included lifetime
number of sex partners, ever being pregnant, and CD4
count <350 cells/mm?® among WLHIV; and lifetime
number of sex partners and condom use in past three
months among women living without HIV (Table 4).
In adjusted analyses, characteristics that remained sig-
nificantly associated with HR-HPV prevalence among
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Table 1 Participant demographic, behavioral, and clinical characteristics by HIV status
HIV-positive HIV-negative p-value**
N=306 N=500
n (%) n (%)
Age (years) <0.001
18 22(7.2) 83 (16.6)
19 40 (13.1) 182 (36.4)
20 55(18.0) 97 (194)
21 93 (30.4) 91(18.2)
22 96 (314) 47 (94)
Marital status <0.001
Married/living together 20 (6.5) 1(0.2)
Single 286 (93.5) 499 (99.8)
Education <0.001
Part of secondary or less 100 (32.7) 0(0.0)
Secondary 120 (39.2) 0(0.0)
Vocational college or more 86 (28.1) 500 (100.0)
Ever had sex <0.001
Yes 265 (86.6) 372 (74.4)
No 41(134) 128 (25.6)
Number of sex partners, past 12 months® 0.001
0 0(0.0) 1(0.3)
1 149 (56.2) 230(61.8)
2 63(23.8) 105 (28.2)
>3 53(20.0) 36 (9.7)
Lifetime number of sex partners? <0.001
0 41(134) 128 (25.6)
1 44 (14.4) 128 (25.6)
2 52(17.0) 105 (21.0)
3-5 126 (41.2) 103 (20.6)
>6 43 (14.1) 36 (7.2)
Age of first sex (years)® 0.16
>18 207 (78.1) 307 (82.5)
<18 58(21.9) 65 (17.5)
Age of first sex partner (years)? 0.002
>20 199 (75.1) 235 (63.3)
<20 66 (24.9) 136 (36.7)
Age of current sex partner (years)? <0.001
>24 190 (71.7) 123(33.2)
<24 75(28.3) 248 (66.9)
Sexual orientation 0.15
Heterosexual/straight 300 (98.0) 482 (96.4)
Homosexual/gay or lesbian 2(0.7) 1(0.2)
Bisexual 4(1.3) 16 (3.2)
Other 0(0.0) 1(0.2)
Condom use in past 3 months® <0.001
Always 155 (58.5) 167 (44.9)
Sometimes/never 88(33.2) 180 (48.4)
No sex past 3 months 22(83) 25(6.7)
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Table 1 (continued)
HIV-positive HIV-negative p-value**
N=306 N =500
n (%) n (%)
Tobacco use 0.19
Daily 1(03) 4(0.8)
Weekly 4(1.3) 16 (3.2)
Never 301 (98.4) 480 (96.0)
Pregnant ever <0.001
Yes 22(39.9) 42 (84)
No (60.1) 458 (91.6)
CD4 count (cells/mm?)
<200 9(3.0)
200-349 45 (14.8)
350-499 64(21.0)
>500 187 (61.3)
Viral load (copies/mL)
<400 283 (94.7)
>400 16 (5.4)
Age of ART initiation (years)
0-4 2339
5-9 47 (15.4)
10-14 28(9.2)
>15 219(71.6)
Perinatally infected
Yes 103 (33.7)
No 203 (66.3)
ART antiretroviral therapy
@ Among sexually experienced participants
**Chi-square or Fisher’s exact tests
Table 2 HPV prevalences and number of types by HIV status, overall and among sexually experienced participants
HPV types All participants Sexually experienced participants
N=2806 N=637
HIV-positive HIV-negative Chi-square HIV-positive HIV-negative Chi-square
N=306 N=500 p-value N=265 N=372 p-value
n (%) n (%) n (%) n (%)
Any HPV 253 (82.7) 315 (63.0) <0.001 232 (87.6) 280 (75.3) <0.001
Any HR-HPV 223 (72.9) 269 (53.8) <0.001 207 (78.1) 244 (65.6) <0.001
Any LR-HPV 187 (61.1) 231 (46.2) <0.001 174 (65.7) 209 (56.2) 0.02
Quadrivalent vaccine 105 (34.3) 105 (21.0) <0.001 99 (37.4) 99 (26.6) 0.004
HR-HPV16/18 75 (24.5) 71(14.2) <0.001 69 (26.0) 67 (18.0) 0.01
LR-HPV6/11 47 (15.4) 55(11.0) 0.07 47 (17.7) 2(14.0) 0.20
Number of HPV types detected (among HPV+)
1(20.2) 84 (26.7) 0.02 42(18.1) 62 (22.1) 0.04
2-4 111 (43.9) 150 (47.6) 102 (44.0) 141 (50.4)
> 91 (36.0) 81(25.7) 88(37.9) 77 (27.5)

HIV human immunodeficiency virus, HPV human papillomavirus, LR low risk (HPV vaccine types 6, 11 and HPV non-vaccine types 26, 40, 42, 43, 44, 53, 54, 61, 69, 70,
73, 82, HR high-risk (HPV vaccine types 16, 18 and HPV non-vaccine types 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68)
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Table 3 HIV clinical characteristic and HPV prevalences among perinatally and non-perinatally HIV-infected, sexually experienced

women
Non-perinatally infected Perinatally infected p-value*
N =200 N=65
n (%) n (%)
HIV clinical characteristics
CD4 count (cells/mm?) 0.71
<200 5(2.5) 0(0.0)
200-349 32(16.1) 9(13.9
350-499 37(186) 14 (21.5)
>500 125(62.8) 42 (64.6)
Viral load (copies/mL) 0.06
<400 186 (95.9) 57(89.1)
>400 8(4.1) 7(10.9)
Age of ART initiation (years) <0.001
0-4 0(0.0) 7(10.8)
5-9 0(0.0) 34(52.3)
10-14 0(0.0) 21(32.3)
>15 199 (100.0) 3(4.6)
HPV type category
Any HPV 177 (88.5) 55 (84.6) 041
Any HR-HPV 159 (79.5) 48 (73.9) 0.34
Any LR-HPV 132 (66.0) 42 (65.2) 0.84
Quadrivalent vaccine 72 (36.0) 27 (41.5) 042
HR-HPV16/18 50(25.0) 19(29.2) 0.50
LR-HPV6/11 33(16.5) 14 (21.5) 0.36
Number of HPV types detected (among HPV+)
1 30(17.0) 12 (21.8) 043
2-4 76 (42.9) 26 (47.3)
>5 71 (40.1) 17 (30.9)

*Chi-square or Fisher’s exact tests

HIV human immunodeficiency virus, HPY human papillomavirus, LR low risk (HPV vaccine types 6, 11 and HPV non-vaccine types 26, 40, 42, 43, 44, 53, 54, 61, 69, 70,
73, 82, HR high-risk (HPV vaccine types 16, 18 and HPV non-vaccine types 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68)

WLHIV were CD4 count <350 cells/mm?® (aPR: 0.89,
95% CI 0.80, 0.99) and ever being pregnant (aPR: 0.86,
95% CI 0.76, 0.98); having >3 compared to <2 lifetime
partners remained in the final model but was not statis-
tically significant (aPR: 1.14, 95% CI 0.99, 1.32). Among
women living without HIV, >3 compared to <2 lifetime
partners (aPR: 1.29, 95% CI 1.12, 1.48) and always com-
pared to sometimes or never using condoms (aPR: 0.83,
95% CI 0.71, 0.96) remained significantly associated with
HR-HPV in adjusted analyses.

Discussion

In this study, vaccine-type and non-vaccine-type HPV
prevalences among women aged 18-22 years living with
and without HIV in Botswana were characterized for the
first time and established as a baseline for future evalu-
ation of HPV vaccine impact in Botswana. HPV preva-
lences among WLHIV were significantly higher than

women without HIV, including prevalences of HR-HPV
(72.9% versus 53.8%) and quadrivalent vaccine-type HPV
(34.3% versus 21.0%). There were some differences in fac-
tors associated with HR-HPV by HIV infection status. No
difference in HR-HPV prevalence was observed between
perinatally and non-perinatally WLHIV.

HIV infection and HIV-associated immunosuppres-
sion increase both susceptibility to and persistence of
HPV infection [13]. The higher HPV prevalence among
WLHIV compared to women without HIV in this report
is similar to other reports among women of all ages in
sub-Saharan Africa [14]. In a study of women of compa-
rable ages in South Africa, prevalence of any HPV was
very similar to this report (86.4% HIV-positive, 61.0%
HIV-negative) [15], but other reports among young
women found lower prevalences of HR-HPV or any HPV
[16-18]. Only two other reports of quadrivalent vac-
cine-type HPV prevalence were identified among young
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Fig. 1 Prevalences of 28 high-risk and low-risk HPV types* among sexually experienced females by HIV status. a high-risk HPV prevalences,
HIV-positive; b high-risk HPV prevalences, HIV-negative; ¢ low-risk HPV prevalences, HIV-positive; d low-risk HPV prevalences, HIV-negative. HPV
human papillomavirus. *HPV types ordered by magnitude among women living with HIV
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Table 4 Association between high-risk HPV prevalence and selected characteristics among sexually experienced participants, by HIV

status

HIV-positive participants

HIV-negative participants

N=265 N=372
High-risk HPV Unadjusted Adjusted® High-risk HPV Unadjusted Adjusted®
prevalence PR (95% Cl) PR (95% Cl) prevalence PR (95% Cl) PR (95% Cl)
n (%) n (%)
Age of first sex (years)
>18 162 (78.3) Ref 198 (64.5) Ref
<18 45 (77.6) 1.01(0.86,1.18) 46 (70.8) 0.91(0.76, 1.09)
Age of first sex partner (years)
>20 157 (78.9) Ref 153 (65.1) Ref
<20 50 (75.8) 1.04 (0.89,1.22) 91 (66.9) 0.97 (0.84,1.13)
Age of current sex partner (years)
>24 148 (77.9) Ref 87 (70.7) Ref
<24 59(78.7) 0.99 (0.86, 1.14) 157 (63.3) 1.12(0.96, 1.30)
Lifetime no. sex partners
1-2 68 (70.8) Ref Ref 135(57.9) Ref Ref
>3 139 (82.3) 1.16 (1.00, 1.34) 1.14(0.99,1.32) 109 (784) 1.35(1.18,1.56) 1.29(1.12,1.48)
Condom use in past 3 months®
Sometimes/never 68 (77.3) Ref 134 (744) Ref Ref
Always 119 (76.8) 0.99 (0.86, 1.15) 99 (59.3) 0.79 (0.68,0.93) 0.83(0.71,0.96)
Ever pregnant
No 120 (83.9) Ref Ref 218 (65.9) Ref
Yes 87(713) 0.85(0.74, .97) 0.86 (.76, .98) 26 (634) 0.96 (0.75,1.23)
CD4 count (cells/mm?)
<350 41(89.1) Ref Ref
>350 165 (75.7) 0.85(0.75,0.96) 0.89 (0.80,0.99)
Viral load (copies/mL)
>400 15 (100.0) -
<400 187 (77.0) -
ART age of initiation (years)
<15 46 (74.2) Ref
>15 161 (79.3) 1.07 (0.91, 1.26)

2 Unadjusted prevalence ratios and 95% confidence intervals (Cl) were calculated using log-binomial regression to evaluate associations between participant
characteristics and any HPV. Multivariable models were developed using backward selection. (p < 0.3 to enter, p <0.15 to stay) to identify predictors of having a

prevalent HPV infection in this population
b Data not shown for participants reporting no sex in past 3 months

women in sub-Saharan Africa. One study also found a
higher prevalence among WLHIV (26% HIV-positive,
12% HIV-negative) [15]. However, both found lower
prevalences than this study [15, 19]. The higher preva-
lence in this study may be due to geographic variability,
differences in HPV specimen collection, or differences in
HPYV assay sensitivity.

Because some WLHIV in this study were perinatally
infected, we had the ability to compare HPV prevalences
in perinatally and non-perinatally infected WLHIV.
Among sexually experienced WLHIV, no differences
were found in HPV prevalences in perinatally infected
compared to non-perinatally infected; both groups had

a high prevalence of any HPV (84.9% and 88.4%, respec-
tively). In two prior reports that directly compared
perinatally and non-perinatally infected WLHIV, there
were similarly no differences between the two groups in
prevalence of any HPV [20, 21]. All but one woman in
our study were on ART, which is associated with lower
HR-HPV prevalence compared to persons who are not
on ART [22, 23]. The lack of difference in viral suppres-
sion or CD4 count by perinatal infection status may also
explain the similar HR-HPV prevalences. CD4 count and
viral load are strongly associated with HPV infection, as
observed for CD4 count in this report and other reports
among WLHIV living in low- and middle-income
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countries [24]. Of note, only 10% of perinatally infected
WLHIV in this report initiated ART before the age of
5 years, with the majority starting between the ages of
5 and 9 years. These ages are older than those in other
parts of the world but consistent with reports of perina-
tally infected adolescents and young adults in sub-Saha-
ran Africa [25, 26]. Programs for prevention of vertical
HIV transmission and pediatric treatment in Botswana
have been strengthened over the past decade and likely
have resulted in earlier ART initiation among younger
perinatally infected WLHIV [27].

We found that there were some differences in factors
associated with HR-HPV by HIV infection status. Among
women living with and without HIV, having > 3 lifetime
sex partners was associated with HR-HPV detection and
this was statistically significant among those without
HIV. Increasing number of lifetime sex partners is a well-
documented risk factor for HPV infection, including in
other studies of university students in sub-Saharan Africa
[19]. Among women living without HIV, those who con-
sistently used condoms in the past three months were
significantly less likely to have HR-HPV detected com-
pared to those who used condoms inconsistently or not
at all. Although evidence about the protective effect of
condom use on HPV infection in cross sectional studies
is mixed, the finding in this report is consistent with find-
ings from longitudinal studies on condom use [28, 29].

This study had some limitations. A convenience sam-
ple of university students and women attending HIV
clinics in Gaborone, Botswana was obtained. Although
these were recruited sequentially, the findings may not
be fully generalizable to all females aged 18—22 years in
Botswana. However, using similar recruitment meth-
ods in a subsequent study should produce a comparable
population that can be used to assess vaccine impact.
Next, the survey was administered by trained study staff,
but social desirability bias could have impacted the reli-
ability of self-reported sexual behavior risk factors. Fur-
ther, because this study was not powered to evaluate risk
factors for HPV detection, adjusted analyses should be
interpreted with caution; we described some associations
based on a higher than conventional p<0.05 threshold
and variables not selected in these models could possibly
be associated with HR-HPV. Lastly, perinatal HIV infec-
tion status was self-reported and although status was
verified in medical records if available, some participants
may have been misclassified.

In conclusion, the findings from this study indicate a
high prevalence of HPV, including HPV types targeted
by the quadrivalent vaccine, in women living with and
without HIV in Botswana. The Botswana HPV vaccina-
tion program is expected to have a substantial impact on
reducing HPV infection and HPV-associated cancers.
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The data from this study will enable the first evaluation of
HPV vaccine impact in Botswana in 3—4 years, when vac-
cinated girls reach the ages of 18—22 years. Importantly,
the data will also allow future monitoring of HPV vac-
cine impact among WLHIV, including both perinatally
and non-perinatally infected women, for which there
is a critical gap of evidence. This report is a first step in
understanding HPV vaccine impact in Botswana, which
will inform and strengthen HPV vaccination programs in
low- and middle-income countries worldwide.
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