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Abstract

Objective: Evaluate one-year outcomes of cervical cancer screening and treatment using primary 

high-risk human papillomavirus (HPV) testing in women living with human immunodeficiency 

virus (HIV).

Design: Prospective cohort study

Setting: HIV treatment center in Botswana

Population: Women living with HIV

Methods: Participants underwent cervical cancer screening with high-risk HPV testing and triage 

evaluation at baseline and one-year follow-up. Excisional treatment was offered as indicated. 

Histopathology was the gold standard.

Main outcome measures: Persistence, clearance and incidence of high-risk HPV infection; 

and persistence, progression, regression, cure and incidence of cervical dysplasia.

Results: Among 300 women screened at baseline, 237 attended follow-up (79%). High-risk HPV 

positivity significantly reduced from 28% at baseline to 20% at one year (p=0.02). High-risk 

HPV persistence was 46% and clearance 54%; incidence was high at 9%. Prevalence of cervical 

intraepithelial neoplasia grade (CIN) 2 or higher was most common in participants with incident 

high-risk HPV (53%). CIN2 or higher was also common in those with persistent high-risk HPV 

(32%) and even in those who cleared high-risk HPV (30%). 40% of high-risk HPV positive 

participants at baseline with <CIN2 progressed to CIN2 or higher at follow-up.

Conclusion: The high incidence of high-risk HPV and high-grade cervical dysplasia in women 

living with HIV after one round of high-risk HPV-based screening and treatment raises concern 

about the rate of progression of high-risk HPV infection to dysplasia. Persistent disease is 

common. Caution in spacing cervical cancer screening intervals using high-risk HPV testing in 

women living with HIV is warranted.

Tweetable Abstract:

High incidence and persistence of HPV and CIN2+ in women living with HIV one year after 

screening and treatment.
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Introduction:

Cervical cancer is the leading cause of cancer death in women in sub-Saharan Africa.1 

High-risk human papilloma virus (HPV) testing provides an opportunity for increased access 

to more sensitive screening for cervical cancer, and has particularly high impact potential in 

low- and middle-income countries which are disproportionately affected by cervical cancer.2 

While cervical cancer screening guidelines in high-income countries have increasingly 

incorporated primary high-risk HPV testing, HPV testing has been beyond reach for most 

low- and middle-income countries.3,4,5,6,7

Incorporating high-risk HPV testing into cervical cancer screening guidelines in sub

Saharan Africa is complicated by the co-existing high burden of human immunodeficiency 

virus (HIV).8,9 Cervical cancer screening using primary high-risk HPV testing in women 

living with HIV is not standard in international professional society guidelines.10,11,12 

Women living with HIV have higher prevalence, co-infection, persistence, and reactivation 

of high-risk HPV.13,14,15,16 The biology of high-risk HPV clearance, incidence, and 

associated progression and regression of cervical dysplasia in the setting of HIV remains 

unclear.17 Screening intervals for women living with HIV and appropriate triage of positive 

high-risk HPV results remain areas of uncertainty.18,19

Botswana has one of the world’s highest population prevalences of HIV.20 The national HIV 

programme has been a leader in Africa in achieving “90-90-90” targets, with antiretroviral 

therapy coverage of nearly 90% of the known HIV-infected population and viral suppression 

in 88% of those on treatment.21 Cervical cancer screening has been available in the public 

sector for three decades, including introduction of see-and-treat services in 2012 and small

scale HPV testing in 2019.22,23,24 Despite steadily improving access, however, only 52% 

of women aged 30 to 49 report ever having undergone cervical cancer screening and 

cervical cancer death rates have remained stagnant.25,26 HPV vaccination was introduced 

in 2015 and initially achieved high coverage in 9 to 13 year-old girls; the program has 

since met access and financing challenges. Increased access to effective screening remains 

a national and regional priority. Understanding the role of highly effective high-risk HPV

based screening strategies in women living with HIV is essential for progress on cervical 

cancer elimination.27

We evaluated one-year outcomes of cervical cancer screening and treatment using primary 

high-risk HPV testing in women living with HIV. We hypothesised that one round of 

primary high-risk HPV screening followed by triage evaluation and targeted treatment would 

reduce the prevalence of high-risk HPV and high-grade cervical dysplasia.

Methods:

We enrolled a prospective cohort of 300 women living with HIV and receiving care at 

the infectious disease care clinic at Princess Marina Hospital, the regional tertiary referral 

hospital in Gaborone, Botswana.
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Baseline screening

At enrollment, study participants were screened for eligibility. Women living with HIV over 

the age of 24 were eligible for the study if they were not pregnant, had an intact uterus, 

and had no prior diagnosis of cervical cancer. After obtaining informed consent, participants 

answered a questionnaire with information on demographics, HIV treatment and cervical 

cancer screening history. We searched the electronic medical record for past cervical cancer 

screening results.

All participants underwent a speculum examination by a trained study staff, at which 

time two samples were collected from the cervix, one for HPV testing and the other for 

cervical cytology using Cervex-brushes®. After collection, the HPV sample was placed in 

PreservCyt® transport medium and cytology was prepared on-site by spreading cervical 

cells from from a Cervex-brush® onto a glass slide and applying spray fixative. HPV testing 

was performed using the Xpert® HPV Assay (Cepheid, Sunnyvale, CA) at the Botswana 

Harvard AIDS Institute Partnership. This assay tests for 14 high-risk HPV types, including 

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68 and has demonstrated excellent 

performance.28 Xpert® results were reported as HPV 16, HPV 18/45 and other high-risk 

HPV. Cytology slides were sent to the National Health Laboratory, and read by pathologists, 

who were blinded to the result of HPV testing, using the revised Bethesda classification.29

We referred all participants who tested positive for any high-risk HPV type to visual 

assessment, colposcopy and biopsy by providers who were blinded to the HPV result. 

Additionally, because there were no clinical guidelines for management of positive HPV 

results in Botswana at the time of study implementation, evaluation of cervical cytology 

was performed in all participants to ensure that the study setting also provided standard-of

care service according to the national cervical cancer screening guidelines. Accordingly, 

participants with negative HPV results who had a study cytology result of high-grade 

intraepithelial lesion (HSIL) or persistent atypical squamous cells of undetermined 

significance (ASC-US) or worse were referred to study colposcopy in accordance with the 

national screening algorithm.

At the time of the visual assessment and colposcopy visit, participants underwent a 

speculum examination of the cervix by a nurse trained in visual inspection with acetic 

acid. 5% acetic acid was applied to the cervix using a cotton swab and visual inspection 

was performed. The findings of the assessment were recorded by the nurse but no 

intervention was performed. A gynecologist then performed colposcopy, and all participants 

had tissue samples collected. If there was a visible lesion, a loop electrosurgical excision 

procedure (LEEP) was performed according to the see-and-treat national policy. If no lesion 

was visible, an endocervical curettage or a small endocervical excision was performed. 

Endocervical excision has developed as an alternative to endocervical curettage due to 

limited availability of quality endocervical currettes in this clinical setting. Any participant 

with cervical intraepithelial lesion (CIN) 2 or higher on endocervical curettage was recalled 

for an excision procedure. Women with histopathology of CIN3 with microinvasion or 

invasive cervical cancer were referred for further treatment. Outcomes of the baseline 

screening have been reported.30
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Follow-up screening:

We offered follow-up to all participants in the cohort who had complete baseline screening 

results and had consented to future contact between 12 and 18 months, unless they were 

diagnosed with cervical cancer at baseline or had withdrawn from the study. Participants 

were screened for ongoing eligibility according to the criteria described for baseline 

screening. After obtaining informed consent, we administered a modified questionnaire to 

update demographic and HIV treatment information.

Follow-up participants underwent a speculum examination of the cervix with collection of 

specimens for HPV testing and cytology as described above, with the exception that HPV 

specimens were collected using an Abbott Cervi-Collect® specimen kit. HPV testing was 

performed using the Abbott RealTime® high-risk HPV Assay (Abbott Laboratories, Abbott 

Park, Illinois) at the Botswana Harvard AIDS Institute Partnership Laboratory following 

manufacturer’s instructions. The Abbott RealTime® HPV assay tests for the same 14 high

risk HPV types as the Xpert® HPV Assay (Cepheid, Sunnyvale, CA) and has excellent 

performance.31 Abbott results were reported slightly differently than Xpert®: HPV 16, HPV 

18 and other high-risk HPV, where pooled high-risk HPV includes HPV 45.

The same criteria described for baseline screening were used for determination of need for 

visual assessment and colposcopy. In addition, we recalled participants who tested negative 

for high-risk HPV to colposcopy if they had a result of CIN 2 or 3 at baseline screening, 

abnormal pelvic examination or post-menopausal bleeding, in accordance with national 

guidelines. The same procedure was used for visual assessment and colposcopy as described 

for baseline screening.

The primary outcomes were persistence, clearance and incidence of high-risk HPV infection 

and persistence, progression, regression, cure and incidence of cervical dysplasia in women 

living with HIV at one-year follow-up. We evaluated persistence, clearance, and incidence 

for any high-risk HPV type, and specifically for HPV 16, HPV 18 and other high-risk HPV. 

For high-risk HPV, the following definitions applied by high-risk HPV type: persistence was 

a positive high-risk HPV result at baseline and follow-up (high-risk HPV positive/positive); 

clearance was a positive high-risk HPV result at baseline and a negative high-risk HPV 

result at follow-up (high-risk HPV positive/negative); and incidence was a negative high-risk 

HPV result at baseline and a positive high-risk HPV result at follow-up (high-risk HPV 

negative/positive). For cervical dysplasia, the following definitions applied: incidence was 

no or normal histopathologic diagnosis at baseline followed by an abnormal histopathologic 

diagnosis at follow-up; persistence was an abnormal histopathologic diagnosis at baseline 

and the same abnormal histopathologic diagnosis at follow-up; progression was an abnormal 

histopathologic diagnosis at baseline followed by a worse histopathologic diagnosis at 

follow-up; regression was an abnormal histopathologic diagnosis at baseline followed by a 

less severe or normal histopathologic diagnosis at follow-up without treatment with LEEP; 

cure was an abnormal histopathologic diagnosis at baseline followed by a less severe or 

normal histopathologic diagnosis at follow-up after treatment with LEEP at baseline. The 

impact of treatment with an excisional procedure at baseline on high-risk HPV clearance and 

persistence, and high-grade cervical dysplasia persistence and regression at follow-up was 

evaluated.
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Data were entered into a REDCap database32 by a designated research assistant, 

and accuracy of data entry was verified by a second study team member and the 

principal investigator. Descriptive statistics are presented as median [interquartile range] or 

proportion. We compared categorical variables with the chi-square or Fisher’s exact test for 

unpaired data and McNemar’s test for paired data; we compared continuous variables with 

the Wilcoxon rank-sum test. We considered two-sided p values <0.05 statistically significant 

and used SAS 9.4 (SAS Institute, Cary, North Carolina) for analyses. The sample size was 

powered for detecting an improvement in positive predictive value from 24% for high-risk 

HPV testing alone to 49% for the two-stage screening algorithms, based on the primary 

outcome for baseline screening.29

The institutional review boards of the Botswana Ministry of Health and Wellness, the 

University of Botswana, and Beth Israel Deaconess Medical Center approved this study. 

The ethics committee of Princess Marina Hospital also approved this study. No patient 

or public involvement took place in this study. Funding for this study was provided from 

the Harvard University Center for AIDS Research (NIH/NIAID 5P30AI060354-14 grant), 

the Shore Fellowship from the Department of Obstetrics and Gynecology at Beth Israel 

Deaconess Medical Center, and Harvard Catalyst | The Harvard Clinical and Translational 

Science Center (National Center for Advancing Translational Sciences, National Institutes 

of Health Award UL 1TR002541) and financial contributions from Harvard University and 

its affiliated academic healthcare centers. The funders required external peer review for 

scientific quality. The funders had no role in the conduct of the study, data analysis or 

manuscript preparation.

Results:

There were 300 women in the baseline cohort, of whom 88 tested high-risk HPV positive 

and 212 tested high-risk HPV negative. A total of 237 (79%) participants from the cohort 

participated in follow-up, including 67 (76%) of the high-risk HPV positive and 170 (80%) 

of the high-risk HPV negative participants at baseline. Of the 63 participants who did 

not participate in follow-up, nine were ineligible for follow-up screening, four did not 

have complete baseline screening data, and 50 were contacted but declined participation. 

Participant follow-up visits were conducted from May 2019 to November 2019 and the 

median time to follow-up was 13 months [12 – 15 months] (Figure 1).

Demographic characteristics of follow-up participants

The 237 follow-up participants were classified into four groups based on their high-risk 

HPV test result at baseline and follow-up (e.g., positive/positive, positive/negative, negative/
positive, negative/negative). Demographic characteristics were similar across the four groups 

(Table 1). The median age at follow-up was 45 years [41 – 51 years]. The majority of 

participants were single, had 1 to 3 children, and 1 to 5 lifetime sexual partners. The cohort 

had longstanding HIV infection (14 years) and all participants were on antiretroviral therapy 

both at baseline and follow-up. At baseline 4 (2%) participants had a CD4 count of < 200 

cells/microliter, and 11 (5%) participants had a detectable viral load (≥400 copies/milliliter). 

At one year follow-up, 2 (1%) participants had a CD4 count of < 200 cells/microliter, and 3 
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(1%) participants had a detectable viral load (≥400 copies/milliliter). Baseline characteristics 

for the 63 women who did not participate in follow-up were similar to those who attended 

follow-up (data not shown).

High-risk HPV prevalence, persistence, clearance, and incidence

Of the 237 women living with HIV who returned for follow-up screening, 67 (28%) had 

a positive high-risk HPV result at baseline, of which 13 (5%) were HPV16, 14 (6%) 

were HPV18, and 49 (21%) were other high-risk HPV. Of these 67 participants, 45 (67%) 

underwent treatment with loop electrosurgical excision procedure (LEEP) at baseline.

At follow-up, 47 of 237 participants (20%) were high-risk HPV positive, which was 

significantly lower than the baseline positivity rate of 28% (p=0.006). Type specific 

positivity was also lower at follow-up for each of type 16, 18 and other high-risk HPV (3%, 

1%, and 17%, respectively). Persistent high-risk HPV infection was found in 31 participants 

(46%) and clearance in 36 participants (54%). Thirty of the 45 (67%) participants who had 

LEEP cleared high-risk HPV while only 6 of the 22 (27%) participants not treated with 

LEEP cleared high-risk HPV (Table 2). Of note, two participants who were positive for one 

HPV type at baseline acquired an additional type of HPV at follow-up, eight participants 

who had coinfection at baseline only had one HPV type at follow-up, and one participant 

had HPV type switch.

Incident high-risk HPV infection during the year between screenings was high. Sixteen of 

the 170 (9%) participants who were high-risk HPV negative at baseline tested positive for 

high-risk HPV at follow-up. Incidence by type was 2%, 1%, and 8% for HPV16, HPV18, 

and other high-risk HPV types, respectively, with one incident co-infection.

Cervical dysplasia prevalence, persistence, regression, cure and incidence

As shown in Figure 1, colposcopy and biopsy were performed in 58 participants at follow

up, including 46 of the 47 participants who were high-risk HPV-positive at follow-up (one 

participant was ineligible for colposcopy due to pregnancy). Twelve participants who were 

high-risk HPV negative at follow-up underwent colposcopy per the study protocol detailed 

in Methods, including eight with CIN2 or higher at baseline, two with persistent low-grade 

cytology, one with a cervical abnormality on examination, and one with post-menopausal 

bleeding.

The baseline prevalence of CIN2 or higher in the cohort who attended follow-up was 8% (20 

of 237 participants), while the follow-up prevalence of CIN2 or higher was 9% (22 of 237 

participants). We compared sequential high-risk HPV results with one-year histopathologic 

diagnosis (Table 3). While the absolute numbers were small, we saw high rates of CIN2 or 

higher in all four groups: 8 of 15 negative/positive participants, 10 of 31 positive/positive 
participants, 3 of 10 positive/negative participants, and 1 of 2 negative/negative participants. 

Of note, a majority of the participants with negative baseline HPV results did not have 

histopathology results per study protocol.

Overall, the incidence of new high-grade histopathologic disease in participants with no, 

benign, or low-grade baseline histopathology at one-year follow-up was strikingly high. 
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Nine of 170 (5%) participants who were high-risk HPV negative at baseline had incident 

CIN2 or higher at one-year follow-up. Eight of the 20 (40%) participants who were high-risk 

HPV positive with benign histopathology or CIN1 at baseline progressed to CIN2 or higher 

at one-year follow-up (Table 4a).

Of the 20 participants with baseline CIN2 or higher, 2 did not have follow-up pathology 

results and therefore 18 were included in the analysis. Fifteen underwent LEEP at baseline 

and at follow-up only 2 had persistent CIN3, and 1 had CIN2 following CIN3 at baseline. 

Among the 3 participants who did not undergo LEEP at baseline, 2 had regression of CIN2 

and 1 had regression from CIN3 to CIN2 (Table 4b, Figure 2). None of the 18 participants 

with CIN2 or CIN3 at baseline had progression of their cervical dysplasia.

Discussion

Main findings

Monitoring the impact of cervical cancer screening using primary high-risk HPV in women 

living with HIV is essential for establishing an evidence-based screening strategy. The high 

incidence of CIN2 or higher in women living with HIV one year after high-risk HPV-based 

screening and treatment is concerning. More than half of women living with HIV with 

incident high-risk HPV infection had high-grade dysplasia. Over a third of women living 

with HIV with persistent high-risk HPV had new incident high-grade dysplasia. Just over 

5% of women living with HIV who had incident high-risk HPV at one year had co-existent 

high-grade dysplasia. All of these findings raise concern about the rate of progression of 

high-risk HPV infection to dysplasia in women living with HIV. Frequent screening at 

shorter intervals is critical, as widely spaced screening may result in missed opportunities for 

treatment and prevention of progression to cervical cancer.

Overall prevalence of high-risk HPV among women living with HIV was modestly but 

significantly reduced at one year, and treatment seemed to correlate with clearance of 

high-risk HPV. High rates of persistent and incident high-risk HPV infection in women 

living with HIV have been demonstrated even among those treated with LEEP.33,34,35 Low 

rates of clearance (<25%) of high-risk HPV in women living with HIV has similarly been 

reported.36 In these studies, various markers of immunocompetence and duration of HIV 

were associated with clearance, though antiretroviral therapy seemed to have a less clear 

effect.

Interpretation

Our incidence of CIN2 or higher in women living with HIV of 9% at follow-up is 

higher than seen in other settings. Incident CIN2 or higher in women living with HIV 

in sub-Saharan Africa and India who were high-risk HPV negative a year prior was only 

2.1–2.3%; persistent high-risk HPV infection conferred greater risk of incident high-grade 

dysplasia.37,38,39 It is unclear if the high incidence of high-grade dysplasia detected in 

our study at a relatively short-term follow-up portends a higher risk of progression to 

invasive cervical cancer, particularly given our higher rates of cure and regression of 

high-grade dysplasia in our study than previously reported in the literature on treatment 
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failure (25–40%) in women living with HIV.40,41 It is possible that these incident high

grade dysplasia lesions may be transient, productive lesions as opposed to transforming 

lesions. Furthermore, Botswana’s longstanding successful national antiretroviral therapy 

programme and test-and-treat policy for HIV may in part explain our higher rates of cure 

and regression.42

Eight cases of CIN2 or higher in participants with incident high-risk HPV at one-year 

follow-up is concerning. First, newly detected high-risk HPV could represent reactivation 

of dormant infection rather than incident infection, and may behave differently than truly 

incident high-risk HPV.43 We did not assess participants’ or their partners’ sexual risk 

behaviors; concurrent sexual partnerships are common in Botswana (31%), which may affect 

risk.21,44 Second, the biology of high-risk HPV in HIV infection may necessitate frequent 

high-risk HPV screening—as often as annually—to detect incident high-grade dysplasia 

early. Third, the baseline high-risk HPV test results in these participants may have been false 

negatives, suggesting sub-optimal test performance in our setting.

Strengths and limitations

Our study has several limitations. We used different platforms with slightly different results 

reporting for baseline and follow-up testing. Use of different platforms was pragmatic, 

as national high-risk HPV screening in Botswana will leverage the infrastruction of the 

successful HIV viral load testing programme which utilizes decentralized high-throughput 

polymerase chain reaction platforms. The study was designed assuming a high negative 

predictive value of high-risk HPV, however, the conclusions regarding incident cervical 

dysplasia at follow-up was limited by a lack of baseline histopathology data for participants 

who were high-risk HPV negative at baseline.

Our findings may not be generalizable to other populations of women living with HIV 

as our cohort is a population engaged in care, a relatively high median age and high 

rates of prior cervical cancer screening. While we are unable to evaluate the degree of 

immunosuppression on outcomes in our cohort because of overall high CD4 counts, high 

rates of viral suppression, and universal coverage with ART, our study may provide insights 

into screening in other populations of women living with HIV in the modern test and treat 

era and provide a reference for “best case scenario” of one-year cervical cancer screening 

endpoints in well-controlled HIV. Longer-term follow-up is necessary to provide meaningful 

histopathologic outcomes to guide implementation of HPV-based screening programs for 

women living with HIV. Finally, our cohort is too small to allow significant conclusions, and 

to appreciate significant effects on cervical dysplasia at one year by high-risk HPV type and 

LEEP margin status at baseline.

Conclusions

Incident high-risk HPV infection and dysplasia, as well as persistent disease, are common in 

women living with HIV, necessitating frequent screening. Further study in the sub-Saharan 

African setting may demonstrate the utility of a high-intensity initial screening period 

followed by spaced screening as has been shown in other settings.45 The inclusion of rural 

populations in future studies both within Botswana and the region are essential, as is the 
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evaluation of the implementation of widescale self-swab HPV testing. On-going research in 

screening this at-risk population is essential to move us closer towards the elimination of 

cervical cancer.
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Figure 1. 
Baseline and follow-up study flowchart
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Figure 2. 
Pictorial image of high-risk HPV infection and high-grade dysplasia in 237 WLHIV who 

underwent screening and treatment and baseline and one-year follow-up
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Table 1:

Demographic characteristics of WLHIV who were screened at baseline and follow-up with high-risk human 

papillomavirus (HPV) testing*

Characteristic
All participants

n = 237

All participants
(by baseline high-risk HPV status)

High-risk HPV (+) High-risk HPV (−)

By follow-up high-risk HPV status

High-risk HPV 
(+)

High-risk HPV 
(−)

High-risk HPV 
(+)

High-risk HPV 
(−)

n = 31 n = 36 n = 16 n = 154

Age, years 45 [41–51] 44 [39–50] 42 [38–49] 48 [42–52] 46 [42–52]

Education

 ≤Primary 79 (33) 10 (32) 8 (22) 8 (50) 53 (34)

 ≥Secondary 158 (67) 21 (68) 28 (78) 8 (50) 101 (66)

Employed 155 (65) 24 (77) 26 (72) 9 (56) 96 (62)

Marital status

 Single 169 (71) 23 (74) 25 (69) 12 (75) 109 (71)

 Married 43 (18) 5 (16) 8 (22) 3 (19) 27 (18)

 Divorced/separated 10 (4) 1 (3) 1 (3) 1 (6) 7 (5)

 Widowed 15 (6) 2 (6) 2 (6) 0 (0) 11 (7)

Parity

 0 10 (4) 1 (3) 3 (8) 0 (0) 6 (4)

 1–3 163 (69) 21 (68) 27 (75) 10 (63) 105 (68)

 ≥4 52 (22) 8 (26) 6 (17) 5 (31) 33 (21)

 Missing 12 (5) 1 (3) 0 (0) 1 (6) 10 (6)

Age of sexual debut

 <16 years 17 (7) 2 (6) 2 (6) 2 (13) 11 (7)

 ≥16 years 219 (92) 29 (94) 34 (94) 14 (88) 142 (92)

 Missing 1 (0) 0 (0) 0 (0) 0 (0) 1 (1)

Sexual partners

 1–5 145 (61) 16 (52) 23 (64) 13 (81) 93 (60)

 ≥6 84 (35) 15 (48) 10 (28) 3 (19) 56 (36)

 Missing 8 (3) 0 (0) 3 (8) 0 (0) 5 (3)

Post-menopausal 92 (39) 11 (35) 10 (28) 6 (38) 65 (42)

HIV duration 14 [12–15] 13 [10–16] 14 [11–15] 14 [11–14] 14 [13–15]

CD4 count at baseline (per 
microliter)

 < 200 4 (2) 1 (3) 1 (3) 0 (0) 2 (1)

  200–349 17 (7) 2 (6) 3 (8) 3 (19) 9 (6)

  350–500 43 (18) 6 (19) 8 (22) 3 (19) 26 (17)

  > 500 173 (73) 22 (71) 24 (67) 10 (63) 117 (76)
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Characteristic
All participants

n = 237

All participants
(by baseline high-risk HPV status)

High-risk HPV (+) High-risk HPV (−)

By follow-up high-risk HPV status

High-risk HPV 
(+)

High-risk HPV 
(−)

High-risk HPV 
(+)

High-risk HPV 
(−)

n = 31 n = 36 n = 16 n = 154

CD4 count at follow-up (per 
microliter)

 < 200 2 (1) 1 (3) 0 (0) 0 (0) 1 (1)

  200–349 9 (4) 1 (3) 1 (3) 0 (0) 7 (5)

  350–500 35 (15) 0 (0) 5 (14) 6 (38) 24 (16)

 > 500 181 (77) 29 (94) 28 (78) 10 (63) 114 (74)

Missing 10 (4) 0 (0) 2 (6) 0 (0) 8 (5)

Detectable viral load at 
baseline
(≥400 copies/milliliter)

11 (5) 2 (6) 4 (11) 1 (6) 4 (3)

Detectable viral load at follow
up
(≥400 copies/milliliter)

3 (1) 0 (0) 1 (3) 0 (0) 2 (1)

On antiretroviral therapy at 
baseline and follow-up 237 (100) 31 (100) 36 (100) 16 (100) 154 (100)

Years on antiretroviral therapy 
at baseline 13 [10–14] 13 [7–15] 12 [8–14] 12 [10–14] 13 [11–15]

*
All values are number of participants (%) or median [interquartile range] unless otherwise indicated
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Table 2:

Distribution of persistence and clearance of high-risk human papillomavirus (HPV) infections in 67 women 

living with HIV who were high-risk HPV positive at baseline attended one-year follow-up

Any high-risk 
HPV diagnosis at 

baseline
n=67

HPV 16 infection* 
at baseline

n=13

HPV 18 infection* at 
baseline

n=14

Other high-risk 
HPV type infection* 

at baseline
n=49

Persistence
†
 of high-risk HPV infection

 Treated with LEEP at baseline, n (%) 15 (22) 0 (0) 0 (0) 14 (29)

 Not treated with LEEP at baseline, n (%) 16 (24) 3
a
 (23) 2 (14) 12 (24)

Clearance
‡
 of high-risk HPV infection

 Treated with LEEP at baseline, n (%) 30 (45) 6 (46) 8
b
 (57) 20 (41)

 Not treated with LEEP at baseline, n (%) 6 (9) 4 (31) 4
c
 (29) 3 (6)

Abbreviations: LEEP: loop electrosurgical excision procedure

*
At baseline, 6 women were co-infected with HPV 16 and other hrHPV, 3 women were co-infected with HPV 18 and other hrHPV.

†
Persistence is defined as positivity of the same hrHPV type at baseline and at one-year follow-up.

‡
Clearance is defined as having a negative result for the same hrHPV type at one-year after a positive baseline hrHPV result.

a
One participant was positive for both HPV16 and other high-risk HPV at baseline had persistent HPV 16 only

b
Includes 1 participant with type switch from HPV18 at baseline to other high-risk HPV at follow-up

c
Includes 1 participant with type switch from HPV18 at baseline to other high-risk HPV at follow-up
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Table 3.

Histopathology result at one-year follow-up correlated with sequential high-risk HPV screening results among 

236 women living with HIV

Histopathology result at 
one-year follow-up

High-risk HPV + / 
high-risk HPV +

n = 31
a

High-risk HPV + / 
high-risk HPV −

n = 36
b

High-risk HPV − / 
high-risk HPV +

n = 15
c

High-risk HPV − / 
high-risk HPV −

n = 154
d

Benign 12 (39) 6 (17) 6 (40) 0 (0)

CIN1 9 (29) 1 (3) 1 (7) 1 (1)

CIN2 3 (10) 2 (6) 2 (13) 1 (1)

CIN3 7 (23) 1 (3) 6 (40) 0 (0)

Note: Excludes the 1 participant who was not eligible for colposcopy at one year due to pregnancy

a
Of the cases of CIN2 and CIN3 in this category, four had persistent HPV16 or 18, four had persistent other high-risk HPV, and two had cleared 

HPV16 but acquired other high-risk HPV at follow-up.

b
Only participants with indications underwent colposcopy according to the study protocol or clinical guidelines. These participants included: 8 who 

had CIN2 or higher at baseline, 1 with persistent low-grade cytology, and 1 with postmenopausal bleeding. The three cases of CIN2 or higher all 
had other high-risk HPV at baseline.

c
Of the cases of CIN2 and CIN3 in this category, seven were associated with other high-risk HPV and one with co-infection with HPV16 and 

HPV18.

d
Only women with indications underwent colposcopy. These participants included: one who had persistent low-grade cytology and one who had an 

abnormal cervical examination.
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Table 4a.

Incidence of histopathologic disease among the 40 women who had no, benign or low-grade histopathologic 

results at baseline, stratified by high-risk HPV type at baseline

No histopathologic 
diagnosis at baseline

Benign histopathologic diagnosis at baseline CIN1 histopathologic diagnosis at baseline

High-risk 
HPV 

negative
n=17

Any 
High-risk 

HPV 
type
n=3

Any 
high-risk 

HPV 
type
n=15

HPV 
16*
n=3

HPV 
18*
n=4

Other 
high-risk 

HPV 
type*
n=12

Any 
high-risk 

HPV 
type
n=5

HPV 
16*
n=1

HPV 
18*
n=1

Other 
high-risk 

HPV 
type*
n=4

Benign 6 1 6 2 3 5 3 0 0 3

CIN1 2 1 2 0 0 2 1 0 1 0

CIN2 3 0 3 0 1 2 0 0 0 0

CIN3 6 1 4 1 0 3 1 1 0 1

*
Infection with these types is not mutually exclusive
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Table 4b.

Persistence, progression, regression of histopathologic disease among women treated with loop electrosurgical 

excision procedure (LEEP) at baseline compared to women who were not treated with LEEP

Baseline results*

Treated with LEEP Not treated with LEEP

CIN2
n=7

CIN3
n=8

CIN2
n=2

CIN3
n=1

Persistence
†
 n (%) 0 (0) 2 (25) 0 (0) 0 (0)

Progression
‡
 n (%) 0 (0) -- 0 (0) --

Cure/Regression
§
 n (%) 7 (100) 6 (75) 2 (100) 1 (100)

*
2 of the 20 participants with CIN2 or higher at baseline did not have follow-up pathology results

†
Persistence: the same abnormal histopathologic diagnosis at baseline and follow-up

‡
Progression: abnormal histopathologic diagnosis at baseline and a worse histopathologic diagnosis at follow-up

§
Regression: abnormal histopathologic diagnosis at baseline and a less severe or normal histopathologic diagnosis at follow-up
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