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Abstract

Background: In Botswana, where HIV prevalence remains high, cervical cancer is the leading 

cause of cancer deaths in women. Multiple organizations recommend high-risk human 

papillomavirus (hr-HPV) testing as a screening tool, however, high coverage may not be feasible 

with provider-collected samples. We conducted the first assessment of self- versus provider-

collected samples for hr-HPV testing in HIV-positive women in Botswana and report prevalence of 

hr-HPV and histological outcomes.

Methods: We recruited HIV-positive women ≥25 years attending an HIV clinic in Gaborone. 

Self- and provider-collected samples from participants were tested for hr-HPV using Cepheid 

GeneXpert. Women testing positive for any hr-HPV returned for colposcopy. We used unweighted 

κ statistics to determine hr-HPV agreement.

Results: Thirty-one (30%) of 103 women tested positive for any hr-HPV. The most common 

genotypes were HPV 31/33/35/52/58. Overall agreement between self- and provider-collected 

samples for any hr-HPV was 92% with a κ of 0.80. Ten of the 30 hr-HPV positive women 

attending colposcopy had CIN 2+ (33%).

Conclusions: In this HIV-positive population, hr-HPV prevalence was 30%, with excellent 

agreement between self and provider samples. Self-sampling may play an important role in 

screening programs in high HIV burden settings with limited resources like Botswana.

Introduction

Cervical cancer is the second most common cancer among women worldwide, and over 85% 

of the burden affects women in low- and middle-income countries (LMIC).[1,2] Globally, 
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Human papillomavirus (HPV) 16 and 18 are responsible for 71% of invasive cervical 

cancers, and a further 21% by types 31, 33, 35, 45, 52 and 58.[3] Although most 

immunocompetent women clear HPV infections, persistent infections are more common 

among women living with HIV (WLWH).[4] HIV-infection also increases risk of invasive 

cervical cancer [5] and poor cancer outcomes.[6] The HIV burden in Southern Africa 

underscores the importance of scaling up cervical cancer and HPV prevention programs.

In LMIC, cytological screening programs have not been as effective as in developed 

countries.[7,8] The reasons for this are multi-factorial, including a lack of laboratory 

infrastructure, trained personnel, and financial resources. Structural and socio-cultural 

barriers, such as poor access to healthcare and a reluctance to seek pelvic examinations may 

also contribute to limited screening program success.[9]

In Botswana, a middle-income country in Southern Africa, 27% of women aged 15 to 49 are 

HIV-positive.[10] Despite wide coverage of antiretroviral treatment (ART), cervical cancer 

is the leading cause of cancer death.[2] Although cervical cytology with Pap testing has been 

the primary screening method in Botswana, its impact has been limited.[11] In 2011, 

Botswana instituted a “see and treat” approach using visual inspection with acetic acid 

(VIA) as an additional screening modality in the opportunistic program; however, uptake 

remains low, capacity to perform VIA accurately can be limited, and poor follow-up 

challenges persist.[11,12]

Multiple professional societies and health organisations recommend testing for high risk 

HPV (hr-HPV) in place of or in addition to VIA and Pap test screening.[13,14] Hr-HPV 

testing is more sensitive than cytology and has a better negative predictive value, allowing 

for longer screening intervals.[15–17] An additional benefit of hr-HPV testing is that women 

can self-sample – eliminating the need for a pelvic exam, addressing barriers to screening 

and reducing provider screening workload. A recent meta-analysis found self-sampling was 

as sensitive but slightly less specific compared to provider-sampling for detection of cervical 

intra-epithelial neoplasia (CIN) 2+ when using a polymerase chain reaction (PCR) assay.

[18] Studies from other LMIC have demonstrated good agreement between collection 

modalities;[19–21] however, few have focused explicitly on HIV-positive populations and 

none had been conducted in a local context in Botswana.

Many lab platforms testing for hr-HPV require large batches and can take several hours; 

however, the GeneXpert HPV Assay (Cepheid, Sunnydale, California, USA) is a real-time 

PCR assay, which uses a single-use cartridge for the detection of 14 types of hr-HPV. Xpert 

HPV requires minimal training and results are available within 60 minutes.[22,23] Xpert 

machines are already used for Tuberculosis screening in clinics and laboratories across 

Botswana.

Botswana’s National Cervical Cancer Prevention Program aims to incorporate hr-HPV 

testing as the primary screening method, including options for women to self-sample.[11] To 

help inform this, we conducted the first assessment of self- versus provider-collected 

samples for hr-HPV testing using Xpert HPV in Botswana. We also report the prevalence of 
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hr-HPV in an HIV-positive population as well as colposcopy and histology results among 

women testing positive for hr-HPV.

Materials and Methods

Study setting and sample

This cross-sectional pilot study was conducted at the Infectious Disease Care Clinic (IDCC) 

at Princess Marina Hospital (PMH), the largest public referral hospital in Botswana. The 

IDCC is an outpatient clinic which provides care, including cervical cancer screening, for 

people living with HIV.

We enrolled WLWH aged 25 or over presenting for routine appointments at the IDCC 

between March and April 2017. Women were excluded if they were currently pregnant, 

menstruating, had persistent vaginal discharge, or had a history of cervical cancer or total 

abdominal hysterectomy.

Study procedures

Women were informed about the study as they registered for their appointment with leaflets 

in Setswana, the local language, and English. Study staff provided additional information to 

potential participants; after screening and providing consent, eligible women were enrolled.

A brief questionnaire collected data on socio-demographic characteristics, sexual health 

behaviours, self-sampling experiences, and contact information for follow-up. If available, 

previous cytology results from the hospital medical records were extracted. We used 

REDCap to collect and manage study data.[24]

Study staff instructed participants on how to collect a vaginal sample and distributed an 

instruction handout with explanatory diagrams. Participants were escorted to a private 

bathroom where they self-sampled using flocked swabs which were placed into transport 

medium. The study nurse then conducted a speculum exam to take a cervical sample using a 

cervical brush. Both patient and provider samples were labelled in PreservCyt transport 

media and stored in a cool temperature-controlled container prior to testing.

All samples were analysed using a Cepheid GeneXpert machine with a four-cartridge 

configuration. Samples were analysed at the National Health Laboratory (NHL) within 24 

hours of collection – either on the same or next day. GeneXpert gives results from 6 separate 

channels: P1 - HPV 16; P2 - HPV 18/45; P3 - HPV 31/35/33/52/58; P4 - HPV 51/59; P5 - 

HPV 39/68/56/66; and a sample adequacy control (SAC). If a sample fails on the SAC then 

the result is invalid, meaning that the presence or absence of HPV target DNA cannot be 

determined. A positive result for any of the channels P3, P4 and P5 is reported as “other” hr-

HPV. We used the standard Xpert HPV cycle threshold (Ct) cut-offs for the purposes of our 

study: the positivity cut-off for HPV 16 and HPV 18/45 is Ct <40, and Ct <38 for “other” hr-

HPV.

All participants were contacted by telephone within 24 hours of result availability. Women 

who were hr-HPV-negative were advised to return to routine screening as per national 
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Botswana guidelines (i.e., 3 years). Women who were hr-HPV-positive (i.e., for either the 

self- or provider- collected sample) were asked to return for colposcopy, which were all 

conducted by a gynaecologist (DR-M) at the women’s health clinic at PMH. For research 

purposes all women who presented for colposcopy had cervical histopathology regardless of 

the colposcopy result, either through Loop Electrosurgical Excision Procedure (LEEP) or 

biopsy depending on clinical findings (Figure 1). Histopathology samples were analysed at 

the PMH laboratory. Xpert hr-HPV results and clinical reports from colposcopy and 

histopathology were entered into the study database.

Statistical analysis

Outcomes of interest included hr-HPV positivity, any hr-HPV and type-specific HPV 

agreement between self and provider, and clinical outcomes among those testing positive for 

any hr-HPV. Any hr-HPV included a positive result from either the self- or provider-

collected sample. Agreement between self- and provider-collected samples for any hr-HPV 

and channel specific results were calculated using unweighted kappa statistics to determine 

percentage agreement beyond that expected by chance.[25] HPV positivity comparisons 

between socio-demographic and behavioural risk factors were conducted using the 

appropriate statistical tests (Pearson’s chi squared, Fisher’s exact, Student’s t-test, Wilcoxon 

rank sum tests). All statistical analyses were conducted in Stata 13 (College Station, Texas, 

USA). All tests were two-tailed and statistical significance was determined with p-value 

<0.05.

Ethical approval

The protocol was approved by the Botswana Health Research Development Committee 

(HRDC) at the Ministry of Health, the University of Botswana Research Ethics Committee 

and the Research and Ethics Committee of Princess Marina Hospital. We obtained written 

consent from all participants.

Results

Sample characteristics

We recruited 104 women into this pilot study. We excluded one participant found to be 

pregnant at the time of colposcopy, leaving 103 in the analytic sample. Median age was 44 

years (interquartile range [IQR] 40-51), and all participants were on ART. Nearly all women 

(94%) reported a history of cervical screening, however we were unable to confirm 

screening from electronic records for 32 (31%) women. Of those screened, there were 11 

women with previous abnormal results (Table 1) either self-reported or extracted from the 

hospital records system.

hr-HPV positivity

Overall, 31 (30%) of 103 women tested positive for any hr-HPV by either self- or provider-

sampling. Excluding the 11 women with a known previous abnormal smear result, 27 (29%) 

tested positive for hr-HPV. The most common genotypes were HPV 31/35/33/52/58. Ten 

women tested positive for more than one genotype. Hr-HPV prevalence was highest amongst 

those aged 30-39 (39%).
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In bivariate analyses, we found that women with concurrent sexual partners were more likely 

to test positive for any hr-HPV (p=0.04). Those reporting higher lifetime number of sexual 

partners (p=0.07) and shorter duration of ART use (p=0.08) were also more likely to test 

positive for any hr-HPV.

Performance of self-sampling

Of the 103 women included in the analysis, overall agreement for testing positive for any hr-

HPV between self- and provider-collected samples was 92%, with 71 (69%) of women 

testing negative and 23 (22%) testing positive by both self-and provider-collected samples. 

The agreement beyond chance (Cohen’s κ) was 0.80 (95% CI: 0.67-0.93), indicating 

excellent agreement. Agreement for testing positive by hr-HPV subtype (only HPV 16, only 

18/45, only “other”, combination, or negative) was 91% with a κ of 0.79 (95% CI: 

0.71-0.89). Excluding three women with invalid self-collected samples, agreement for the 

remaining 100 women between self and provider for detection of any hr-HPV was 94% with 

a κ of 0.84 (95% CI: 0.73-0.96). Individual type-specific agreement for these 100 women is 

reported in Figure 2. Of note, HPV prevalence was higher with self-collected versus 

provider-collected samples across all subtypes.

There were 15 discrepancies between self- and provider- collected results by HPV subtype 

amongst 11 women, including two invalid results (Table 2). Self-sampling alone would have 

missed one woman with hr-HPV, plus an additional two with invalid self -samples, and 

provider-sampling alone would have missed five women with hr-HPV. Excluding the two 

invalid results, among the remaining 13 discrepant results, ten (77%) tested positive on the 

self-sample and negative on the provider-collected sample. Discrepant results were mostly 

positive at higher cycle thresholds (data not shown), which is consistent with lower HPV 

DNA levels.

Colposcopy and histopathology findings

Of the 31 women testing positive on either self- or provider-collected samples for any hr-

HPV, one was unreached after multiple attempts to deliver results, and therefore was lost to 

follow-up colposcopy. Among the remaining 30 women who attended colposcopy, 14 (47%) 

had a lesion, 13 (43%) had no visible lesion, and three (10%) were indeterminate (Table 3). 

Two of the indeterminate colposcopies were noted to have atrophic cervices, and one had a 

previous cone biopsy. All 30 women had histology samples taken at colposcopy: 23 had a 

LEEP and seven had a biopsy.

We did not diagnose any cervical cancer cases. Ten (33% of any hr-HPV-positive, 10% of 

full sample) were diagnosed with CIN2+, three (10%) with CIN1 and 12 (40%) chronic 

cervicitis (Table 3). Four of the 30 who tested positive for any hr-HPV had previously had an 

abnormal smear; three of these were diagnosed with cervicitis in our study (one was 

indeterminate at colposcopy because of atrophy, and one who had previous cone biopsy); 

one was diagnosed with CIN3. All four of the women with large lesions found on 

colposcopy were diagnosed with CIN2+. Half of those diagnosed with CIN2+ tested positive 

for multiple hr-HPV subtypes. The majority of cervicitis diagnoses had only other hr-HPV 

(11 of 12) and no lesion (8 of 12).
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Looking at the discrepant results, among the five women who tested positive with the self-

sample and negative with the provider-sample, two were diagnosed with CIN3. Of the two 

women who had invalid self-samples but tested positive with the provider-sample, one had 

CIN2.

Discussion

In this self-sampling pilot study among WLWH in Botswana, we found that hr-HPV 

detection using Xpert HPV was comparable between self- and provider-collected samples. 

Thirty percent of WLWH tested positive for any hr-HPV, and 10 women were diagnosed 

with and treated for CIN2+. To our knowledge this was the first HPV self-sampling study 

conducted in Botswana, providing important self-sampling performance and hr-HPV 

prevalence data on among HIV-positive women in this setting.

With only three invalid self-samples, overall agreement for any hr-HPV was 92% with a κ of 

0.8. Our findings support HPV self-sampling with Xpert HPV as a feasible, accurate 

alternative to provider-sampling in Botswana, and are similar to other comparisons of self- 

versus provider-sampling for HPV in LMIC. For example, agreement was similarly high 

using Xpert among women in Papua New Guinea (93%, κ of 0.74). They also found that a 

majority of the discrepant results were self-positive and provider-negative.[19]

Hr-HPV prevalence in this HIV-positive sample was 30%, which is slightly lower than what 

has been reported in self-sampling studies from Uganda and Malawi (40% and 38%, 

respectively).[20,26] All participants in our study reported taking ART, the median CD4 

count was high, and nearly all self-reported previous cervical cancer screening. However, 

previous screening was unconfirmed in nearly a third of participants, which may be due to 

women confusing a pelvic exam with cervical screening or that VIA was performed at a 

different facility and not documented in electronic records. Overall, these indicators suggest 

our sample was well-managed and highly engaged in care which may have influenced the 

HPV prevalence in this study. Although ART coverage across Botswana is high[10] cervical 

cancer screening is much lower in the general population, therefore HPV prevalence may 

also be higher.

In our study, we found that other types of hr-HPV were detected more often than HPV 16 or 

HPV 18/45, which is consistent with other data from the region and in WLWH[27–29]. 

Previous data from Botswana has also demonstrated a higher proportion (41%) of non-16/18 

hr-HPV in cases of invasive cervical cancer.[30,31] The most common genotypes in our 

cohort were from channel P3: HPV 31/33/35/52/58, which were also the most common 

types in studies using GeneXpert among WLWH in Zambia [32] and both WLWH and HIV-

negative women in Malawi.[26]

Despite high ART use and the high screening history in our study, 10 (10%) women had 

CIN2+, confirming the high risk for pre-cancer in WLWH in Botswana. Just less than half 

(14 out of 30) of those testing hr-HPV positive had visible lesions on colposcopy 

evaluations. The majority of women without lesions tested positive for other hr-HPV, and 

none of the women without lesions had CIN2+. These findings would support the use of 
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HPV genotyping for triage in order to optimize resource utilisation, as has been adopted in 

other primary HPV screening algorithms.[33,34] For example, prioritizing HPV 16/18/45 

for colposcopy and LEEP while those with other hr-HPV subtypes receive visual assessment 

for treatment.

Our study is not without limitations. This was a clinic-based pilot study focused on WLWH, 

thus we made no comparisons with HIV-negative women nor were we able to test samples 

collected from women not engaged in health care. Despite informing women we would call 

with their results within 24 hours and making multiple attempts to contact women, 2 were 

still lost-to-follow-up, including one who tested positive for hr-HPV. Future studies targeting 

women with less access to or engagement with the health care system may face even greater 

loss-to-follow-up and should consider additional intervention designs or communication 

strategies to ensure women receive their results and appropriate follow-up care. We also 

faced implementation challenges: we shared the GeneXpert machine with other clinical 

programs, therefore we were restricted to a few hours of daily use which affected the 

number of samples we could run each day, and therefore the number of women we were able 

to screen. However, these are challenges that may be expected in this setting, and may make 

our study implementation more reflective of real-life programmatic situations.

Despite these limitations, this pilot study provides important locally-relevant data for future 

implementation given the realities of resource-limited settings, including health care worker 

shortages and sometimes poor laboratory infrastructure. Among WLWH, Xpert HPV self-

sampling performed well and is an accurate screening test. Given the Botswana Ministry of 

Health and Wellness’ plan to shift to hr-HPV testing, incorporating self-sampling options 

may help increase access to screening, while helping to prioritize women with true disease 

in need of treatment. Future research should test different self-sampling delivery models to 

expand screening coverage and improve linkage to care, including community- and home-

based screening as well as same-day test and treat approaches, which would take advantage 

of the rapid results and near point-of-care feature of the Xpert HPV test and minimize loss-

to-follow-up.
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Figure 1. 
Study management algorithm
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Figure 2. High-risk HPV genotype prevalence and agreement for paired samples
Notes: excludes three women with invalid results. Agreement for each high-risk HPV 

subtype calculated using kappa statistic.
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Table 1.

Characteristics of women attending HIV clinic by HPV result

Positive for any hr-HPV (%) Negative for any hr-HPV (%) Total (n, %)
p-value

31 (30.1) 72 (69.9) 103 (100)

Socio-demographic characteristics

Age 0.21

 <30 0 (0) 2 (100) 2 (1.9)

 30-39 9 (39.1) 14 (60.9) 23 (22.3)

 40-49 17 (34.7) 32 (65.3) 49 (47.6)

 50+ 5 (17.2) 24 (82.8) 29 (28.2)

Single, never married 24 (32.9) 49 (67.1) 73 (70.9) 0.29

Rural residence 17 (37.8) 28 (62.2) 45 (43.7) 0.13

Education level 0.41

 None/Primary 9 (25.0) 27 (75.0) 36 (35.0)

 Secondary/Tertiary 22 (32.8) 45 (67.2) 67 (65.0)

Occupation 0.50

 Professional/skilled/service/clerical 11 (32.4) 23 (67.6) 34 (33.0)

 Manual/unskilled/self-employed 8 (22.9) 27 (77.1) 35 (34.0)

 Not working/student 12 (35.3) 22 (64.7) 34 (33.0)

Clinical and behavioural risk factors

CD4 count, median (IQR) 659 (416-909) 638 (454-881) 651 (451-893) 0.72

Duration of ART use (yrs), median (IQR) 12 (7-13) 12 (11-14) 12 (9-14) 0.08

Age at sexual debut, median (IQR) 18 (17-20) 19 (17-20) 18 (17-20) 0.55

Lifetime sexual partners, median (IQR) 5 (4-10) 4.5 (3-8) 5 (3-8) 0.07

Concurrent sexual partners 4 (66.7) 2 (33.3) 6 (5.8) 0.04

Contraception 0.97

 None 12 (30.8) 27 (69.2) 39 (37.9)

 Hormonal methods 1 (25.0) 3 (75.0) 4 (3.9)

 Condoms only 18 (30.0) 42 (70.0) 60 (58.3)

Parity 0.41

 0-1 6 (22.2) 21 (77.8) 27 (26.2)

 2-4 22 (34.9) 41 (65.1) 63 (61.2)

 ≥5 3 (23.1) 10 (76.9) 13 (12.6)

Prior screening history 28 (28.9) 69 (71.1) 97 (94.2) 0.27

Previous abnormal screening result 4 (36.4) 7 (63.6) 11 (10.7) 0.63

Notes: hr-HPV, high-risk human papillomavirus; IQR, interquartile range; ART, antiretroviral therapy
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Table 2.

Type-specific comparison for women with discrepant self- and provider-collected HPV results

Self

16 only 16 + 
18/45 16 + other 18/45 

only
18/45 + 
other Other only Negative Invalid Total

Provider

16 only 0

16 + 18/45 0

16 + other 0

18/45 only ✓ ✓ 2

18/45 + other ✓ 1

Other only ✓ ✓ ✓* 3

Negative ✓* ✓ ✓✓* ✓ 5

Invalid 0

Total 0 0 2 1 2 3 1 2 11

Notes:

✓
represents one woman;

*
tested CIN2+ on histology
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Table 3:

Colposcopy and histology results among HIV positive women by HPV type (n=30)

HPV result

Colposcopy result Histology result

Total
No lesion Small 

lesion
Large 
lesion Indeterminate Normal Cervicitis CIN1 CIN2 CIN3

16 only 0 1 1 0 1 0 0 0 1 2

18/45 only 1 2 1 0 1 1 1 0 1 4

P3 only 5 2 1 2 1 7 0 1 1 10

P4 only 4 0 0 0 0 3 1 0 0 4

P5 only 1 0 0 1 0 1 0 1 0 2

Combination other 1 0 0 0 0 0 1 0 0 1

16/other 0 2 0 0 0 0 0 0 2 2

18/45/other 1 3 1 0 2 0 0 1 2 5

16/18/45 0 0 0 0 0 0 0 0 0 0

Total 13 10 4 3 5 12 3 3 7 30

No lesion 3 8 2 0 0 13

Small lesion 2 2 1 1 4 10

Large lesion 0 0 0 1 3 4

Indeterminate 0 2 0 1 0 3
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