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Abstract

In 2015, Botswana introduced the quadrivalent human papillomavirus (HPV) vaccine as a
two-dose schedule in girls aged 9-13 years. We sought to establish a baseline HPV prevalence
in unvaccinated young adults in Botswana. HIV-uninfected men and women aged 18-22
years were recruited from the University of Botswana in Gaborone during October 2019-
February 2021. Demographic and behavioural characteristics were self-reported during struc-
tured interviews. Self-collected vaginal and penile swabs were tested for 28 HPV types using
Seegene Anyplex II HPV28. We compared any HPV type, quadrivalent vaccine (HPV 6, 11,
16, 18)-type and non-quadrivalent vaccine-type prevalence in men and women and evaluated
the risk factors for prevalence of any HPV type. A total of 493 men and 500 women were
included in the analysis. Compared to men, women had higher prevalence of any HPV
type (63.0% versus 31.4%, P <0.001), vaccine-type HPV (21% versus 9.7%, P <0.001) and
non-vaccine-type HPV (60.4% versus 28.4%, P <0.001). Higher prevalence of any HPV
type in men and women was associated with having >2 sex partners in the past 12 months;
always using condoms in the past 3 months was associated with a lower HPV prevalence.
These data provide baseline information for future evaluation of the population impact of
the HPV vaccination programme, including potential herd effects in men.
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Introduction

Human papillomavirus (HPV) infection causes cervical cancer as well as other anogenital can-
cers (anal, vulvar, vaginal and penile) and oropharyngeal cancers [1]. HPV types 16 and 18 are
associated with about 70% of cervical cancer cases worldwide [2]. Worldwide, there is a
substantial burden of cervical cancer with approximately 600 000 cervical cancer cases, and
300000 deaths per year [3]. Cervical cancer is the most common cancer in women in
Botswana and elsewhere in sub-Saharan Africa [3].

Highly effective prophylactic HPV vaccines have been developed and were introduced in
many high-income countries starting in 2006 [4]. All three available HPV vaccines, the
bivalent vaccine, the quadrivalent vaccine and the 9-valent vaccine, target HPV 16 and 18.
The quadrivalent and 9-valent vaccines also target HPV 6 and 11, which cause most anogeni-
tal warts; the 9-valent vaccine also targets 5 additional high-risk (HR), i.e. cancer-causing HPV
types [5, 6]. While all HPV vaccines were originally studied and licensed as a 3-dose schedule,
in 2014 the World Health Organization (WHO) recommended a 2-dose schedule for persons
starting the series before age 15 years [7]. A 3-dose schedule is recommended for those starting
vaccination on or after the 15 birthday, and for persons with immunocompromising condi-
tions, including human immunodeficiency virus (HIV) infection.

Botswana’s first comprehensive national cervical cancer control strategy focused on second-
ary prevention through cervical cancer screening. In 2015, after conducting an HPV vaccine
demonstration project, Botswana introduced HPV vaccine into their national immunisation
programme [8, 9]. National vaccine introduction in Botswana started in early 2015, using
the quadrivalent HPV vaccine as a 2-dose schedule. The vaccine was delivered through school-
based programmes in a 0, 6-12-month schedule. During the first year of implementation, girls
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*Baseline study data collection occurred October 2019—-February 2021.

Fig. 1. Description of calendar years and age groups for evaluation of a baseline HPV prevalence and future HPV vaccine impact in Botswana.

aged 9-13 years were vaccinated, followed by 9-year-old girls in
subsequent years. Over 90% 2-dose coverage has been achieved
in the target age groups. Botswana was the second country in
Africa to introduce HPV vaccination into their national pro-
gramme and the first country in Africa to introduce a 2-dose
vaccination schedule [10].

Measuring the impact of HPV vaccination after introduction into
national programmes has focused on early and intermediate outcomes
of HPV infection, as HPV-associated cancers take years to decades to
develop. Reduction in the prevalence of HPV vaccine-targeted types
has been observed soon after introduction (within 2-5 years); data
through 10 years after the start of programmes are available from
some high-income countries [11, 12]. Further, herd protection has
been observed in unvaccinated young women and men in countries
with female-only vaccination [11, 12]. HPV vaccine impact studies
have not yet been conducted in Botswana. Although the HPV vaccin-
ation programme began in 2015, a baseline HPV prevalence could still
be established in women aged 18-22 years because girls vaccinated in
the first year of the programme were aged 13-17 years in 2019 (Fig. 1).
Although there is no vaccination programme for boys in Botswana, a
baseline HPV prevalence in young adult men will allow for an evalu-
ation of herd protection. Thus, the aims of this study were to (1) evalu-
ate HPV prevalence in young adults aged 18-22 years in Botswana, in
females as a baseline for future vaccine impact monitoring, and in
males as a baseline for future evaluation of herd protection from
the female-only vaccination programme and (2) determine risk fac-
tors for HPV prevalence in females and males.

Materials and methods
Study design and procedures

We recruited a convenience sample of male and female students
aged 18-22 vyears from the University of Botswana, in
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Gaborone, Botswana from October 2019 to February 2021.
A comparison of HPV prevalence among women living with
HIV and women without HIV from this study was published pre-
viously [13]. Participants were recruited directly from three main
student congregation centres, and indirectly through fliers and
notice board announcements. Study visits were initiated by stu-
dents visiting the study site; although refusals after learning
more about the study were not documented systematically, refusal
occurred infrequently (i.e., <5%). All participants were required to
either provide sufficient documentation of a negative HIV test
within 12 months as recommended by Botswana HIV Care
Clinical guidelines or participate in HIV counselling and testing
at the study site by trained research assistants. Females who
reported being pregnant were excluded from the study.
Informed consent was obtained from all the participants prior
to completing a short questionnaire of demographic and behav-
ioural questions administered by research assistants. After the sur-
vey, research assistants provided illustrated instructions and
explained how to self-collect specimens (vaginal or penile swab
including glans, all sides of shaft and underneath the foreskin
in uncircumcised participants). The study used a flocked swab
(Copan Diagnostics, Murrieta, California, USA) which the par-
ticipant placed in Specimen Transport Medium (STM) (Digene
STM, Qiagen LLC, Germantown, Maryland, USA) after collec-
tion. Research assistants informed participants of any HR-HPV
detection. The study was approved by the institutional review
boards of the Centers for Disease Control and Prevention, the
University of Botswana, and the Botswana Ministry of Health
and Wellness.

HPV testing

DNA was isolated from specimens with proteinase K lysis fol-
lowed by automated extraction. STM swab specimens were
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agitated on an orbital shaker for 45 min at ambient room tem-
perature. For specimen lysis, 400 ul of penile swab STM or 200
ul of vaginal swab STM was incubated with 20 ul proteinase K
(catalog number CMG-1077, Perkin Elmer, Shelton, CT, USA)
and enough NucliSENS easyMAG Lysis Buffer (catalog #
280134, bioMérieux SA, Marcy-I'Etoile, France) to bring the
total processing volume to 800 pl. After incubation at 65 °C for
lh, extraction was completed on NucliSENS EasyMAG
(bioMérieux). DNA was eluted in 100 ul of buffer 3 at a pH
>8.0 and a temperature of 70°C. Sterile water aliquots were
processed in parallel with specimens as negative controls for
DNA contamination assessment.

Extracts were tested according to manufacturer 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). HPV typing results were considered invalid if both internal
controls were negative and no HPV was detected.

Statistical analysis

This analysis was limited to participants without evidence of HIV
infection, who had valid HPV typing results. All analyses were
performed using SAS 9.4 (Statistical Analysis Software, Cary,
NC, USA). Demographic variables included age, sex and marital
status (single, married, living together). Sexual and behavioural
characteristics included being sexually experienced (defined as
reporting any oral, anal, or vaginal sex), lifetime number of sex
partners (0, 1-2, 3-4, 5-10, >10), number of sex partners in the
past 12 months (1, 2, >3), age at first sex (<18, >18 years), age
of first sex partner (<20, >20 years), age of current sex partner
(<22, >22 years), sexual orientation (heterosexual/straight, homo-
sexual/gay or lesbian, bisexual), condom use in past 3 months
(always, sometimes/never, no sex in past 3 months), tobacco use
(never, daily, weekly); in females, ever pregnant (yes/no) and in
males, circumcised (yes/no) and age of circumcision (0-10, 11-
15, 16-22 years).

For individual HPV types, all detected types were reported.
HPV types were also categorised as any HPV, quadrivalent
vaccine-types (HPV 6, 11, 16, 18), HR vaccine types (HPV
16, 18), low-risk (LR) vaccine types (HPV 6, 11), non-vaccine
types (HPV 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54,
56, 58, 59, 61, 66, 68, 69, 70, 73, 82), non-vaccine HR types
(HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) and non-
vaccine LR types (HPV 26, 40, 42, 43, 44, 53, 54, 61, 69, 70, 73,
82). Type categories are not mutually exclusive, as a participant
could have both HR and LR types, and both vaccine types and
non-vaccine types, detected.

Demographic and behavioural characteristics were described
overall and by sex. HPV prevalence was also described by sex,
in all participants for both individual HPV types and HPV type
categories, and in sexually experienced participants for HPV
type categories. Any HPV, vaccine, and non-vaccine-type HPV
prevalence by sex was further described by selected demographic
and behavioural characteristics. Chi-square tests were used to
identify statistically significant differences in categorical variables
(P <0.05). Bivariate analyses were conducted to determine partici-
pant characteristics associated with any HPV prevalence. In sexu-
ally experienced females and males, unadjusted prevalence ratios
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(PR) and 95% confidence intervals (CI) were calculated using log-
binomial regression to evaluate associations between participant
characteristics and any HPV type. Multivariable models were
developed using backward selection (P <0.3 to enter, P<0.15 to
stay) to identify characteristics independently associated with hav-
ing a prevalent HPV infection in this population. Unadjusted and
adjusted prevalence ratios (aPR) and 95% CI are reported for all
variables included in the final model.

Results

Of 500 HIV seronegative female and 500 HIV seronegative male
participants, 500 (100%) females and 493 (98.6%) males had valid
HPYV results and were included in the analysis. Females and males
had a similar distribution of ages and nearly all participants were
single (99.8%) (Table 1). A similar proportion of females (74.4%)
and males (76.3%) reported being sexually experienced. Males,
however, were more likely than females to report >6 lifetime
sex partners (20.3% versus 7.2%, P <0.001). Males were more
likely than females to report first sex at age <18 years (42.6% ver-
sus 17.5%, P <0.001), younger ages at first sex and current sex
partners (P < 0.001), and always using condoms in past 3 months
(50.3% versus 44.9%, P=0.02). In females, 8.4% reported ever
being pregnant. In males, 60.9% reported being circumcised; of
these, 84.0% reported circumcision prior to age 16 years.

Overall, females had a higher HPV prevalence than males
(Table 2). In females, any HPV (i.e., detection of >1 HPV type)
prevalence was 63.0%, and in HPV-positive females, 73.3% had
multiple HPV types detected. Vaccine-type prevalence was
21.0% (HPV 16/18: 14.2%, HPV 6/11: 11.0%) and
non-vaccine-type prevalence was 60.4%. In males, any HPV
prevalence was 31.4%, and in HPV-positive males 40.7% had
multiple HPV types detected. Vaccine-type prevalence was 9.7%
(HPV 16/18: 5.3%, HPV 6/11: 5.5%) and non-vaccine-type preva-
lence was 28.4%. HPV prevalence was higher in sexually experi-
enced females and males, but compared to all participants, the
magnitude of differences between females and males was similar.

The most common HR-HPV and LR-HPV types detected were
similar in females and males (Fig. 2). The five most common
HR-HPV types in females were HPV 51 (12.6%), HPV 39
(10.4%), HPV 66 (10.2%), HPV 35 (10.0%), HPV 59 (9.4%),
and in males were HPV 66 (4.5%), HPV 51 (3.7%), HPV 35
(3.0%), HPV 59 (2.8%) and HPV 58 (2.6%). HPV 6 (4.5%) was
the most common LR-HPV type in males and the fourth most
common in females (9.6%).

In bivariate analyses, the prevalence of any HPV was signifi-
cantly higher in females who were older, sexually experienced,
had an older age of current sex partner, higher number of sex
partners in the past 12 months or lifetime, sometimes or never
used condoms in the past 3 months, and were daily smokers
(Table 3). In males, the prevalence of any HPV was significantly
higher in those who were sexually experienced, had first sex at age
<18 years, had a higher number of sex partners in the past 12
months or lifetime, and sometimes or never used condoms in
the past 3 months.

In multivariable analyses limited to sexually experienced parti-
cipants, the number of sex partners in the past 12 months and
condom use remained significantly associated with any HPV
prevalence in females and males (Table 4). Compared to those
reporting 0-1 sex partner in the past 12 months, the prevalence
of any HPV in those reporting 2 or more sex partners was 21%
higher in females (aPR 1.21, 95% CI 1.10-1.34) and 33.0% higher
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Table 1. Demographic and behavioural characteristics of study participants by
sex

Females Males
N=500 N =493
n (%) n (%) P-valuet
Age (years)
18 83 (16.6) 60 (12.2) 0.09
19 182 (36.4) 165 (33.5)
20 97 (19.4) 120 (24.3)
21 91 (18.2) 105 (21.3)
22 47 (9.4) 43 (8.7)
Marital status
Married 0 (0) 0 (0) -
Single 499 (99.8) 492 (99.8)
Living together 1(0.2) 1(0.2)
Sexually experienced
Yes 372 (74.4) 376 (76.3) 0.49
No 128 (25.6) 117 (23.7)
No. sex partners, past 12 months*
0-1 231 (62.1) 156 (41.5) <0.001
>2 141 (37.9) 220 (58.5)
Lifetime no. sex partners*
0 128 (25.6) 117 (23.7) <0.001
1 128 (25.6) 63 (12.8)
2 105 (21.0) 64 (13.0)
3-5 103 (20.6) 149 (30.2)
>6 36 (7.2) 100 (20.3)
Age at first sex (years)*
>18 307 (82.5) 216 (57.5) <0.001
<18 65 (17.5) 160 (42.6)
Age of first sex partner (years)*
>20 235 (63.3) 63 (16.8) <0.001
<20 136 (36.7) 313 (83.2)
Age of current sex partner (years)*
>22 205 (55.3) 27 (7.2) <0.001
<22 166 (44.7) 348 (92.8)
Sex identity
Heterosexual/straight 482 (96.4) 483 (98.0) 0.004
Homosexual/gay or lesbian 1(0.2) 6 (1.2)
Bisexual 16 (3.2) 4 (0.8)
Other 1(0.2) 0 (0)
Condom use past 3 months*
Always 167 (44.9) 189 (50.3) 0.02
Sometimes/never 180 (48.4) 148 (39.4)
No sex past 3 months 25 (6.7) 39 (10.4)
Tobacco use
(Continued)
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Table 1. (Continued.)

Females Males
N =500 N =493
n (%) n (%) P-valuet
Daily 4 (0.8) 39 (7.9) <0.001
Weekly 16 (3.2) 46 (9.3)
Never 480 (96.0) 408 (82.8)
Ever pregnant
Yes 42 (8.4) -
No 458 (91.6) =
Circumcised
Yes - 300 (60.9)
No = 193 (39.2)
Age at circumcision (years)
0-10 = 30 (10.0)
11-15 - 222 (74.0)
16-22 = 48 (16.0)

*Restricted to sexually experienced participants. One male and one female had missing data
for ages of first and current sex partners.
tChi-square or fisher’s exact P-value.

in males (aPR 1.33, 95% CI 1.01-1.76). Compared to participants
who reported only occasionally or never using condoms in the
past 3 months, those reporting always using condoms had a
20.0% lower prevalence of any HPV in females (aPR 0.80, 95%
CI 0.71-0.90) and a 36.0% lower prevalence in males (aPR 0.64,
95% CI 0.49-0.83). Prevalence of any HPV was 29.3% in males
who were circumcised compared to 34.7% in males who were
not circumcised (aPR 0.82, 95% CI 0.64-1.05).

Discussion

This cross-sectional study is the first to characterise HPV preva-
lence in college-attending, vaccine-naive young adult females
and males aged 18-22 vyears in Gaborone, Botswana.
Importantly, we report the prevalence of HPV types targeted by
the quadrivalent vaccine, which can be used as a baseline for
monitoring future HPV vaccine impact in females and herd pro-
tection from the female vaccination programme in males.

The prevalence of any HPV type in females in this report
(63.0%) was similar or higher than in other studies of HPV preva-
lence in females of comparable age in Africa. In a meta-analysis of
HPYV types detected in African women aged 15-24 years who had
normal cytology, the prevalence of any HPV was 48.2% (95% CI
14.7-81.6) [14]. In more recent studies in HIV-negative females,
the prevalence of any HPV was very similar to this report,
61.0% in South Africa [15] and 63.6% in Mozambique [16].
However, the prevalence was lower in a report of university stu-
dents in Mozambique (28.6%) [17] and in females in Rwanda
(42.4%) [18]. The differences in the prevalence across studies
may be due to differences in sexual behaviour, specimen collec-
tion, inclusion criteria (e.g., excluding abnormal cytology), or dif-
ferences in HPV assays used, including assay sensitivity and the
number of types they detect. Of note, HPV assays in these studies
were the same as the one used in this report or were assays that
could detect a greater number of HPV types.
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Table 2. HPV prevalences and number of HPV types detected in males and females, overall and among sexually experienced participants

All Participants (N=993)

Sexually Experienced Participants (N =748)

Females Males Females Males
(N =500) (N=493) Chi-square (N=3T72) (N=376) Chi-square
HPV types detected® n (%) n (%) P-value n (%) n (%) P-value
Any HPV 315 (63.0) 155 (31.4) <0.001 280 (75.3) 140 (37.2) <0.001
Quadrivalent 105 (21.0) 48 (9.7) <0.001 99 (26.6) 43 (11.4) <0.001
LR-HPV6/11 55 (11.0) 27 (5.5) 0.002 52 (14.0) 23 (6.1) <0.001
HR-HPV16/18 71 (14.2) 26 (5.3) <0.001 67 (18.0) 25 (6.7) <0.001
Non-quadrivalent 302 (60.4) 140 (28.4) <0.001 270 (72.6) 128 (34.0) <0.001
Other HR-HPV 253 (50.6) 104 (21.1) <0.001 230 (61.8) 95 (25.3) <0.001
Other LR-HPV 217 (43.4) 72 (14.6) <0.001 196 (52.7) 68 (18.1) <0.001
Number of HPV types detected (among HPV +) <0.001 <0.001
1 84 (26.7) 92 (59.4) 62 (22.1) 81 (57.9)
2-4 150 (47.6) 55 (35.5) 141 (50.4) 51 (36.4)
>5 81 (25.7) 8 (5.2) 77 (27.5) 8 (5.7)

HPV, human papillomavirus; LR, low risk; HR, high-risk.

Quadrivalent: HPV 6, 11, 16, 18; Quadrivalent LR: HPV 6,11; Quadrivalent HR: HPV 16, 18; Non-quadrivalent: HPV 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 61, 66, 68, 69, 70,
73, 82; Non-quadrivalent other HR: HPV 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68; Non-quadrivalent other LR: HPV 26, 40, 42, 43, 44, 53, 54, 61, 69, 70, 73, 82.
?HPV type categories are not mutually exclusive or exhaustive; participants may be represented in more than one category due to multiple-type infections.

Few prior studies have reported on HPV prevalence in young
adult males in sub-Saharan Africa [19], and even fewer have
reported on HPV prevalence in males and females from the
same population [15, 16]. In our report, the prevalence of any
HPV type in young adult males (37.2%) was lower than that
observed in young adult males in Kenya (50.0%) [20], South
Africa (77.0%) [15] and Uganda (42.8%) [21], and higher than
in Tanzania (20.5%) [22], and Mozambique (10.2%) [16].
The reasons for the differences in prevalence may be due to sam-
pling techniques (self versus provider), dry or wetted swab, sexual
risk behaviour, and anatomical site(s) sampled. For example,
lower HPV prevalence was observed in a Mozambique
study where specimens were taken from the urethra, which is
known to harbour less HPV than other penile sites [16, 19].
Higher HPV prevalence was observed in a Kenya study
where the participants had higher risk sexual behaviours [20].
The few studies comparing HPV prevalence in males and females
in Africa show mixed results [15, 16]. However, a study in the
United States found that HPV prevalence was higher in females
than males in 14-19 and 20-24-year-olds, and higher in
males than females in older age groups [23]. Although the
males were more sexually active in this study, their lower
HPV prevalence could be explained, in part, by sampling
error. Unlike sampling a moist surface such as the cervix, reli-
able sampling of the dry, keratinised surface of the penis to
obtain adequate numbers of cells for HPV testing is more diffi-
cult. The lower HPV prevalence in males may also be due to the
age of sex partners. We found that the men have much younger
first and current sex partners than the women. The age of the
sex partner influences the likelihood that the partner is infected;
having older sex partners is a risk factor for sexually acquired
infections [24].

Similar to most studies conducted in sub-Saharan Africa, the
majority of HPV-positive participants in this study had multiple
HPV types detected (73.3% in females and 41.9% in males).
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A study in South Africa reported a multiple-type prevalence of
31.7% in females and 48.6% in males aged 18-25 years [15],
and a study in Mozambique reported a multiple-type prevalence
of 58.7% in females and 27.8% in males aged 18-24 years [16].
Infection with multiple HPV types has been associated with
higher HPV persistence [25] and a greater likelihood of progres-
sion to pre-cancer and cancer [26].

Due to the recent initiation of most HPV vaccination pro-
grammes in Africa, Rwanda is the only country which has
reported HPV vaccine impact [27]. A few other studies, however,
have reported vaccine-type HPV prevalence [28]. A study in
16-24-year-old females in South Africa reported 20.0% quadriva-
lent vaccine-type prevalence, similar to our report. In another
study in persons aged 18-24 years in Mozambique, the prevalence
of quadrivalent vaccine types was 26.2% in females, but only 2.8%
in males [16]. A study in South Africa reported lower quadriva-
lent vaccine-type prevalence, 12.0% and 13.0%, in HIV-negative
females and males, respectively, than we report. However, that
study included persons aged 18-66 years and did not report age-
specific data [15].

Using multivariable modelling to understand associations
between participant characteristics and prevalence, we identified
the number of sex partners in the past 12 months and condom
use as the characteristics most strongly associated with the preva-
lence of any HPV in females and males. The number of sex part-
ners is a well-known risk factor for HPV infection and has also
been identified in other studies in university students in Africa
[17]. Consistent condom use also has been shown to reduce
HPV infections, as observed in this study [29, 30]. The protective
effect of circumcision did not reach statistical significance in our
study, possibly due to low statistical power. A meta-analysis of
data through 2015, including pooled data from 19 observational
studies and four randomised controlled trials, found that circum-
cised men have a reduced odds of genital HPV prevalence [31].
Variability in sampling methods, HPV DNA detection assays,
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(a) High-risk HPV prevalence, females
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Fig. 2. Prevalences of 14 high-risk and 14 low-risk HPV types in females and males (a) High-risk HPV prevalences, females; (b) low-risk HPV prevalences, females; (c)
high-risk HPV prevalences, males; (d) low-risk HPV prevalences, males. Note: categories of high-risk HPV and low-risk HPV, and individual HPV types, are not mutu-
ally exclusive. All HPV types detected in individuals are reported; therefore, prevalences across all types sum to >100%.

and specimen collection sites could contribute to the variation in
effects.

A major strength of this study is the concurrent sampling of
females and males and the HPV typing with the same assay in
the same laboratory. Importantly, although this study was con-
ducted after the start of the national HPV immunisation

https://doi.org/10.1017/50950268822000619 Published online by Cambridge University Press

programme, we enrolled females who were not eligible for vaccin-
ation and, therefore, were able to obtain an unvaccinated baseline.
Although it could not be assessed in this study, depending on ages
of sex partners, indirect effects from vaccinated younger females
could have impacted the baseline HPV prevalence in unvaccin-
ated females and males aged 18-22 years in this study, but we
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Table 3. HPV prevalences* in females and males by selected participant characteristics

Females N=500 Males N =493
Quadrivalent Non-quadrivalent Quadrivalent Non-quadrivalent
Any HPV HPV-type HPV-type Any HPV HPV-type HPV-type
n (%) n (%) n (%) n (%) n (%) n (%)
Age (years) t T t T
18-19 147 (55.5) 40 (15.1) 139 (52.5) 62 (27.6) 15 (6.7) 57 (25.3)
20-22 168 (71.5) 65 (27.7) 163 (69.4) 93 (34.7) 33 (12.3) 83 (31.0)
Sexually experienced T t T t t t
No 35 (27.4) 6 (4.7) 32 (25.0) 15 (12.8) 5 (4.3) 12 (10.3)
Yes 280 (75.3) 99 (26.6) 270 (72.6) 140 (37.2) 43 (11.4) 128 (34.0)
Age of first sex (years)* T 1
>18 229 (74.6) 81 (26.4) 220 (71.7) 71 (32.9) 24 (11.1) 64 (29.6)
<18 51 (78.5) 18 (27.7) 50 (76.9) 69 (43.1) 19 (11.9) 64 (40.0)
Age of first sex partner (years)*
>20 179 (76.2) 70 (29.8) 171 (72.8) 25 (39.7) 5 (7.9) 24 (38.1)
<20 101 (74.3) 29 (21.3) 99 (72.8) 115 (36.7) 38 (12.1) 104 (33.2)
Age of current sex partner (years)* T T
>22 163 (79.5) 64 (31.2) 157 (76.6) 12 (44.4) 3 (11.1) 12 (44.4)
<22 117 (70.5) 35 (21.1) 113 (68.1) 128 (36.8) 40 (11.5) 116 (33.3)
Number of sex partners past 12 months* T T T T 1
1 159 (69.1) 48 (20.9) 152 (66.1) 47 (30.3) 15 (9.7) 42 (27.1)
2 89 (84.8) 36 (34.3) 87 (82.9) 42 (36.8) 15 (13.2) 37 (33.5)
>3 32 (88.9) 15 (41.7) 31 (86.1) 51 (48.1) 13 (12.3) 49 (46.2)
Lifetime no. sex partners* T T T t t
0 35 (27.3) 6 (4.7) 32 (25.0) 5 (12.8) 5 (4.3) 2 (10.3)
1 82 (64.1) 22 (17.2) 76 (59.4) 5 (22.8) 7 (11.1) 2 (19.1)
2 79 (75.2) 30 (28.6) 77 (73.3) 0 (31.3) 6 (9.4) 7 (26.6)
3-5 89 (86.4) 35 (34.0) 87 (84.5) 8 (38.9) 16 (10.7) 4 (36.2)
>6 30 (83.3) 12 (33.3) 30 (83.3) 7 (47.0) 14 (14.0) 5 (45.0)
Condom use in the past 3 monthst T T T T T 1
Always 111 (66.5) 36 (21.6) 110 (65.9) 59 (31.2) 16 (8.5) 57 (30.2)
Sometimes/Never 154 (85.6) 59 (32.8) 146 (81.1) 74 (50.0) 24 (16.2) 65 (43.9)
No Sex Past 3 Months 15 (60.0) 4 (16.0) 14 (56.0) 7 (18.0) 3(7.7) 6 (15.4)
Tobacco use T t T T
Never 302 (62.9) 99 (20.6) 289 (60.2) 126 (30.9) 40 (9.8) 114 (27.9)
Daily 4 (100.0) 3 (75.0) 4 (100.0) 12 (30.8) 2 (5.1) 12 (30.8)
Weekly 9 (56.3) 3 (18.8) 9 (56.3) 17 (37.0) 6 (13.0) 14 (30.4)
Circumcised
Yes = = = 88 (29.3) 23 (7.7) 78 (26.0)
No = = = 67 (34.7) 25 (13.0) 62 (32.1)
Age at circumcision (years) T
0-10 - - - 11 (36.7) 3 (10.0) 10 (33.3)
11-15 = = = 60 (27.0) 12 (5.4) 55 (24.8)
16-22 = = = 17 (35.4) 8 (16.7) 13 (27.1)

HPV, human papillomavirus; Quadrivalent HPV: HPV 6, 11, 16 and 18; Non-quadrivalent HPV: HPV 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58, 59, 61, 66, 68, 69, 70, 73, 82.
*Quadrivalent and non-quadrivalent HPV-type categories are not mutually exclusive.

tChi-square or fisher’s exact test P-value <0.05.

tAmong sexually experienced participants only.
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Table 4. Unadjusted and adjusted prevalence ratios for the prevalence of any
HPV by participant characteristics in sexually experienced females and males

PR (95% ClI) aPR (95% CI)

Females

Number of sex partners past 12 months

0-1 Ref Ref

>2 1.25 (1.12-1.39) 1.21 (1.10-1.34)

Condom use in past 3 months

Sometimes/never Ref Ref

Always 0.78 (0.69-0.88) 0.80 (0.71-0.90)

No sex in past 3 months 0.70 (0.51-0.97) 0.71 (0.52-0.98)

Males

Number of sex partners past 12 months

0-1 Ref Ref

>2 1.40 (1.06-1.86) 1.33 (1.01-1.76)

Condom use in past 3 months

Sometimes/never Ref Ref

Always 0.62 (0.48-0.81) 0.64 (0.49-0.83)
No sex in past 3 months 0.36 (0.18-0.72) 0.39 (0.19-0.77)
Circumcised

No Ref Ref

Yes 0.82 (0.63-1.07) 0.82 (0.64-1.05)

Any HPV, any of the 28 HPV types detected by the Anyplex II HPV28 assay; PR, prevalence
ratio; aPR, adjusted prevalence ratio; Cl, confidence interval. Multivariable models were
developed using backward selection (P<0.3 to enter, P<0.15 to stay); variables considered
in models included age, age of first sexual experience, age of current and first sex partners,
number of sex partners past 12 months, condom use in past 3 months, tobacco use, and
among males, circumcision.

expect any such indirect effects to be small and to have minimal
impact on a future vaccine impact evaluation. In 2024, the first
vaccinated girls will reach the age group enrolled in this study
and another cross-sectional study will allow evaluation of the
impact of the vaccination programme. While a previous evalu-
ation in Rwanda reported impact in the first country in Africa
to introduce HPV vaccination, that country started their pro-
gramme with a 3-dose schedule [24]. The future evaluation in
Botswana will be able to evaluate the impact of a 2-dose HPV vac-
cination programme in Africa, as well as herd protection in males.

The study had some limitations. We used convenience sam-
pling at one university; therefore, the HPV prevalence estimates
may not be fully generalisable to the target population of males
and females aged 18-22 years but repeating the same recruitment
methods in 4-5 years for a follow-up study to assess vaccine
impact should yield a comparable population. Although the
study enrolled participants from one site, this study still included
a diverse population. Students come from across the country to
attend this one major university in Botswana.

In conclusion, the findings from this study indicate a high
prevalence of HPV, including HPV types targeted by the quadri-
valent vaccine, in both females and males in Botswana. The
national HPV vaccination programme in Botswana, which
achieved vaccination coverage as high as 90.0% (personal com-
munication from Botswana Ministry of Health), is thus expected
to have a substantial impact on reducing HPV infection and
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HPV-associated cancers. The data from this study provide a base-
line HPV prevalence in Botswana that will facilitate evaluation of
HPV vaccine impact in the future, including direct impact in
young women and potential herd protection in young men.
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