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South Africa (SA) suffers a double epidemic of cervical cancer and 
HIV infection, two diseases competing for health resources and 
aggravating each other. Around 12 000 new cervical cancer cases 
are diagnosed in SA per year, with an estimated age-standardised 
incidence rate of 35.3 per 100 000 women.[1] It has been estimated 
that 23.9% of women between the ages of 15 and 49 years were HIV 
positive in 2021[2] and that more than half of patients with cervical 
cancer in southern Africa are women living with HIV (WLWH).[3]

Infection with HIV and poor immunity influence acquisition and 
the clinical course of human papillomavirus (HPV)-related disease.[4] 
Several studies have demonstrated a significantly higher prevalence 
of cervical cancer, precancerous lesions and cervical HPV infection 
in HIV-infected women compared with HIV-uninfected women, and 
this effect may be increased by late initiation of antiretroviral therapy 

(ART).[5] In SA the average CD4 count at initiation of ART has been 
reported as 350 cells/μL, and in 2012 only 34.4% of those eligible for 
ART were receiving it.[6] Compared with HIV-uninfected women, 
HIV-infected women more often have multiple types[7] and have an 
altered HPV genotype distribution,[8,9] persistence or reactivation 
of infections are more likely,[7,10] and the average age at diagnosis is 
younger. Recently, however, an analysis from the SA National Cancer 
Registry showed an incidence rate as high as 242 cases per 100 000 
person years for HIV-positive women aged ≥60 years.[11]

The Vaccine And Cervical Cancer Screen (VACCS) consortium 
is a multidisciplinary group of SA researchers focusing on clinical 
research aimed at implementable strategies that can improve cervical 
cancer control in our unique context.[12,13] This diagnostic trial, 
named VACCS4 or DIAgnosis in Vaccine And Cervical Cancer 
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Background. Human papillomavirus (HPV)-based primary screening guidelines are based on screening test performance and prevalence 
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pre-invasive disease using different tests and strategies in the SA HIV-positive and HIV-negative population.
Methods. A total of 1  104 women aged 25 - 65 years and eligible for screening were included, 465 HIV positive and 639 HIV 
negative. Visual inspection and molecular and cytological screening tests were done on self-sampled and healthcare worker-collected 
specimens. All participants who screened positive and 49.1% of those who screened negative were invited for colposcopy and biopsy, 
and those qualifying for treatment were recalled for large loop excision of the transformation zone as part of the trial. The worst 
histology result for each participant was used, and for untested women, multiple imputation was used to estimate verification bias-
adjusted histology values.
Results. Visual inspection was positive in 50.4% of HIV-positive v. 20.9% of HIV-negative women, cytology (atypical squamous cells of 
undetermined significance) in 39.9% v. 17.0%, and high-risk HPV DNA in 41.2% v. 19.6%. Overall, high-grade squamous intraepithelial 
lesion-positive cytology peaked in the age group 30 - 39 years at 16.7%. After adjustment for verification bias, histological diagnosis of 
cervical intraepithelial neoplasia (CIN)2+ was suspected in 44.7% v. 23.5% and CIN3+ in 23.3% v. 10.2% of HIV-positive and negative 
women, respectively. Invasive cancer was diagnosed in 15 women (1.95% of histological studies performed), and verification bias 
adjustment suggested 20 cases (1.8% of the study population).
Conclusion. The baseline findings from the DiaVACCS trial confirm a high prevalence of HPV-related cervical pathology in the SA 
HIV-negative screening population, showing a clear need to reach these women with a screening programme. Among HIV-positive 
women, prevalence values were almost doubled. The prevalence of existing invasive cervical cancer was 1 - 2% of all women. Further 
analysis of the performance of single and multiple screening tests between the two subgroups will contribute to the choice of the most 
effective strategies to identify women at risk of developing invasive cancer.
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Screen (DiaVACCS), is a screening trial among HIV-positive and HIV-
negative women in Gauteng and Western Cape provinces, the country’s 
two economic epicentres. Phase I, of which the baseline data are 
reported here, is a cross-sectional screening study with the objectives 
of determining the positivity rates of different screening tests and the 
prevalence of pre-invasive disease, and measuring the performance of 
several screening and triage strategies against histological end-points.

This article describes the study design and methodology, 
demographics and HIV-related findings, and reports prevalences 
of abnormal cytology, high-risk HPV (hrHPV) and histologically 
confirmed cervical disease in the HIV subgroups. The performance 
of each primary screening test and of different triage strategies 
will be discussed in detail in further articles, and phase II will 
involve longitudinal follow-up of treated and untreated participants 
for ≥5  years. The protocol was approved by the faculty of health 
sciences research ethics committees of the University of Pretoria (ref. 
no. 196/2014) and Stellenbosch University (reciprocal approval 2015), 
registered as a clinical trial (ClinicalTrials.gov identification number 
NCT02956031), and conducted according to the principles of the 
Declaration of Helsinki.

Methods
Design and setting
From December 2016 to March 2020, 1  104 women were recruited 
to phase I at three study sites. Site A, at Tshwane District Hospital, 
recruited mostly WLWH (n=423) who receive ART from this public 
hospital; site B, at Kalafong Provincial Tertiary Hospital, included 
a mixed population (n=260); and site T, at Tygerberg Academic 
Hospital, recruited a mixed group of 421 participants. All sites were 
equipped to screen, test and treat participants and had cold-storage 
facilities. Clinical research staff received training in naked-eye visual 
inspection methods, colposcopy and the treatment of pre-invasive 
lesions. Specialist cover was available at all times, visual inspection test 
results were randomly reviewed, and staff were retrained when needed.

Study population
The baseline design, recruitment and test algorithm for phase I with 
eligibility and exclusion criteria is shown in Fig. 1. The study aim was 
to enlist 1 000 women of a typical screening population, 500 women 
each with and without HIV infection, to allow for subgroup analysis. 
Sample size calculation was based on previously reported high 
prevalences of HPV infection and related disease.[14] By the end 
of recruitment, 456 women known to be or newly tested as HIV 
positive were enrolled. Investigators invited women from the public, 
outpatient clinics and ART clinics, who were eligible for screening 
according to national guidelines, to participate.{15] We obtained 
written informed consent for screening and appropriate further tests, 
and consent for treatment if needed. Participants did not receive any 
remuneration or reimbursement, but all tests and treatments were 
cost free.

HIV status did not influence enrolment, testing or treatment, but for 
subgroup analysis the status was assigned according to the participants’ 
known or disclosed status. A rapid test was available but optional, 
and women who declined were assigned to the HIV-negative group 
according to national screening policy. Information on duration of 
ART use and CD4 values were collected for HIV-positive women.

Sample collection and visual inspection
The investigators used a picture to demonstrate self-sampling with 
the digene HC2 DNA Collection Device (Qiagen, USA) or the Evalyn 
Brush (Rovers Medical Devices, Netherlands). After sampling, 

the brush tip was broken off or removed with disposable tweezers 
and placed in digene Specimen Transport Medium (STM) (Qiagen, 
USA). The healthcare worker (HCW) performed a vaginal speculum 
examination to locate and visualise the cervix and collected a specimen 
from the transformation zone for cytological and molecular analysis, 
which was placed in SurePath (BD, USA).

The cervix was drenched with 3 - 5% acetic acid, then inspected 
with the naked eye for visible lesions and staining (visual inspection 
with acetic acid (VIA)). Final sampling for molecular analysis using 
a cervical broom placed in SurePath, ThinPrep Pap Test PreservCyt 
Solution (Hologic, USA) and/or Qiagen digene STM followed. Lugol’s 
iodine was then applied to the visible cervix with a cotton swab and 
the area again inspected with a light source to evaluate the presence 
and pattern of abnormal iodine staining (visual inspection with 
Lugol’s iodine (VILI)). Participants were classified for both VIA and 
VILI as positive, negative or uncertain, with lesions affecting two 
quadrants or more with abnormal staining considered positive, no 
lesions as negative, and small lesions or other findings as uncertain. 
All non-negative findings were considered positive during baseline 
data analysis.

Colposcopy and biopsy
Women with any abnormality reported within 6 months of 
recruitment on visual inspection, an HPV test or cytology were 
invited for colposcopy and one targeted or two blind cervical biopsies 
at 6° and 12°. In addition, a sample of screen-negative women was 
selected for colposcopy and biopsy to comprise a negative control 
group. Colposcopy and biopsy were planned for a second visit if the 
visual inspection was not positive in the initial phase of the study. 
Following poor attendance for this second visit, the research protocol 
was amended to perform colposcopy and biopsy at the initial visit 
for all consenting participants. Standard colposcopy examination 
techniques were used, and characteristics of any lesion were recorded 
and used to draw a diagram, estimate a clinical impression and 
calculate the Reid’s Colposcopic Index score.[16]

LLETZ procedure
Large loop excision of the transformation zone (LLETZ) was offered 
as part of the trial to all women who required this treatment based 
on national guidelines. Information included aftercare, and written 
consent was obtained. The cervix was anaesthetised with 2% m/v 
lignocaine with adrenaline (1:80 000) using a dentistry syringe and 
needle. Using an appropriate electrocautery loop to enable total 
excision of any iodine-negative lesion in one or more fragments, and 
a cut-coagulation blend on the electrocautery machine, the lesion was 
resected from side to side or top to bottom and the specimen placed 
in formalin. Haemostasis was achieved with ball cautery, compound 
tincture of benzoin or silver nitrate.

Transport, storage and laboratory testing
All specimens were marked with a unique study number and 
identifier, and stored in a temperature-controlled fridge until cold-
transported in batches to the designated laboratory. The initial 
round of tests used to describe the baseline characteristics included 
cytology, a cobas HPV test (Roche Diagnostics, Switzerland) and 
histology. Unused specimens were stored according to individual 
manufacturers’ instructions until additional screening and triage tests 
could be performed, including advanced cytology, further HPV DNA 
and RNA tests, and methylation marker analysis. All molecular tests 
were performed by trained staff in accredited facilities, and reported 
according to the manufacturers’ instructions.

http://ClinicalTrials.gov
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We initially performed conventional cytology at sites A and B, but 
later in the study all sites migrated to liquid-based cervical cytology. 
Cytology results were reported according to the Bethesda system and 
classified as negative, uncertain or positive for epithelial abnormality 
using different cut-offs. The cobas HPV test was performed on 4 mL 
of the Thinprep sample. HPV DNA results were recorded as positive or 
negative for any of the hrHPV types in the test, HPV16 or HPV18, or 
invalid. All cervical biopsy samples were processed in total, and at least 
two sections of all LLETZ samples were examined microscopically by 
conventional routine. For each participant the ‘worst’ histological result 
between the biopsies or LLETZ was considered the final histological 
result. A single pathologist per case, blinded to other test results, 
performed the histological examination and reported the findings using 
the standard classification of cervical intraepithelial neoplasia (CIN).

Data collection and analyses
Excel 2016 (Microsoft Corp., USA) was the primary software for data 
recording, cleaning and analysis. Prevalence values were determined 
across different age groups for all screening and diagnostic tests in 
the total group and for the two HIV subgroups. Selective recall for 
colposcopy and histological verification of final diagnosis caused 
some verification bias, and multiple imputation (using the statistical 
programming language R; R Foundation for Statistical Computing, 
Austria) was employed to adjust for this bias.

Missing histology values were simulated based on age, HIV 
status, ARV use and screening results and replaced with multiple 
possible values rather than with a single value. The program ran 
several iterations of the imputation process from which the ultimate 
imputed values were gathered. The process of verification bias 

HIV negative, 
n=639 

HIV unknown/undisclosed, 
n=9

Eligibility criteria:
Age ≥25 and ≤65 years

Requesting a cervical cancer screening test
Able to receive test result by text message or clinical visit

Able to provide informed consent

Exclusion criteria:
Previous hysterectomy

Current pregnancy
Aware of a cervical screening test in preceding 5 years

Hesitant/unable to undergo screening, and treatment if indicated
Current or previous treatment for gynaecological cancer

HIV positive, 
n=456

Tested by HPV self-sample, 
n=909

HPV HCW-collected sample, 
n=1 104

Cytology, VIA, VILI, 
n=1 104

All screening results negative, 
n=499

Any screening result positive, 
n=605

Valid histological results,
n=213

Valid histological results, 
n=555
LLETZ, 
n=313

Biopsy, 
n=242

Invited for colposcopy, 
n=245

Invited for colposcopy, 
n=605

Valid colposcopy, 
n=199

Valid colposcopy, 
n=548

Fig. 1. DiaVACCS phase I: Trial profile. (DiaVaccs = DIAgnosis in Vaccine And Cervical Cancer Screen; HPV = human papillomavirus; HCW = healthcare 
worker; VIA = visual inspection with acetic acid; VILI = visual inspection with Lugol’s iodine; LLETZ = large loop excision of the transformation zone.)
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adjustment (VBA) retains the randomness 
one could expect from a sample balanced 
by maintaining relative consistency with the 
existing data structure. By accounting for 
uncertainty, the method allows calculation 
of standard errors and 95% confidence 
intervals.[17] The crude data as well as the 
adjusted histology results are shown, but the 

VBA values will be used as the best estimate 
of true disease prevalence and to calculate 
the performance of screening strategies.

Results
Population demographics
The age range was 25  - 65 years (mean 
41.26, median 40) and was similar for the 

two HIV groups. The age distribution for 
the two groups differed (Fig.  2). Between 
ages 35 and 45 years, the study population 
comprised more WLWH than HIV-negative 
women, while all other groups had more 
HIV-negative women.

The study included 456 women known 
to be HIV positive (41.3%), and the latest 
CD4 count was available for 407 (89.3%) of 
these, with 51.1% having CD4 counts below 
the normal value of 500 cells/µL (Table  1). 
The median (interquartile range) CD4 count 
was 500 (367.5) cells/µL and the average 
(range) 519.6 (11  - 1 401) cells/µL; there 
was a trend to lower CD4 values in younger 
women. Data on ART use were available 
for all WLWH; 23 were not using ART, and 
59 reported using it for <1 year and 374 for 
≥1 year.

Screening test results
The overall test positivity for the total group 
and for the two HIV groups is shown for 
visual inspection at a cut-off of uncertainty, 
for cytology using two different cut-offs, 
and for HPV screening using the Roche 
cobas HPV DNA test performed on HCW-
collected specimens (Table  2). Overall, 
visual inspection tests were positive most 
often, followed by high-risk HPV without 
genotyping (‘Any hrHPV’) and then cytology 
using a cut-off value of atypical squamous 
cells of undetermined significance (ASCUS). 
Visual inspection, cytology and hrHPV 
DNA were positive in 50.4%, 39.9% and 
41.2%, respectively, of WLWH v. 20.9%, 
17.0% and 19.6% of HIV-negative women.

Visual inspection without magnification 
identified 339 women (30.7%) for further 
investigation in the total screening 
population when acetic acid was used, and 
365 (33.1%) when Lugol’s iodine was used. 
WLWH had significantly more positive 
visual inspection tests than HIV-negative 
women, and in this cohort of WLWH, >50% 
tested positive (p<0.0001). With regard to 
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Fig. 2. Age distribution of the different HIV groups.

Table 1. CD4 counts for HIV-positive women in different age groups
CD4 count (cells/µL), n (%)

Age group (years) 1 - 200 201 - 500 ≥501 Total
25 - 29 6 (23.1) 13 (50.0) 7 (26.9) 26
30 - 34 10 (16.9) 28 (47.5) 21 (35.6) 59
35 - 39 9 (8.3) 45 (41.7) 54 (50.0) 108
40 - 44 8 (9.3) 33 (38.4) 45 (52.3) 86
45 - 49 2 (3.6) 22 (39.3) 32 (57.1) 56
50 - 54 3 (7.0) 17 (39.5) 23 (53.5) 43
55 - 59 0 8 (47.1) 9 (52.9) 17
≥60 0 4 (33.3) 8 (66.7) 12
Total 38 (9.3) 170 (41.8) 199 (48.9) 407

Table 2. Comparison between screening test results in the total study population and the two HIV groups

Screening test

Total study population  
(N=1 104), %

HIV positive  
(n=456), %

HIV negative or uncertain  
(n=648), %

p-valuePositive screen 95% CI Positive screen 95% CI Positive screen 95% CI
VIA 30.7 28.0 - 33.5 47.8 43.2 - 52.4 18.7 15.7 - 21.7 <0.0001
VILI 33.1 30.3 - 35.9 50.4 45.8 - 55.0 20.9 17.7 - 24.0 <0.0001
Cytology: ASCUS+ 26.5 23.8 - 29.1 39.9 35.4 - 44.4 17.0 14.1 - 20.0 <0.0001
Cytology: >ASCUS 18.4 16.1 - 20.7 33.4 29.0 - 37.8 8.0 5.9 - 10.1 <0.0001
HPV16 8.3 6.7 - 10.0 11.6 8.7 - 14.6 6.0 4.2 - 7.9 <0.005
HPV18 4.4 3.1 - 5.6 7.9 5.4 - 10.4 1.9 0.8 - 3.0 <0.0001
HPV16/18 11.5 9.6 - 13.4 17.1 13.6 - 20.6 7.6 5.5 - 9.6 <0.0001
Any hrHPV 28.5 25.9 - 31.2 41.2 36.7 - 45.8 19.6 16.5 - 22.7 <0.0001

CI = confidence interval; VIA = visual inspection with acetic acid; VILI = visual inspection with Lugol’s iodine; ASCUS+ = threshold of atypical squamous cells of undetermined significance; 
>ASCUS = threshold of worse than atypical squamous cells of undetermined significance; HPV = human papillomavirus; hrHPV = high-risk HPV. 
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age distribution, women aged 35 - 39 years had the highest probability 
(>40% for both VIA and VILI) of a positive visual inspection test. 
Results for the different age and HIV groups are shown in Table 3.

Cytology results showed the highest prevalence of positive cytology 
among HIV-positive women (37.1% at cut-off ASCUS) (p<0.0001) 
and overall in the age group 35 - 39 years (31.7% at cut-off ASCUS). 
The severity of abnormal cytology findings was also much higher 
among HIV-positive women: high-grade squamous intraepithelial 
lesion-positive (HSIL+) cytology was the most common abnormality 
among HIV-positive women (20.6%), while ASCUS was the most 
common abnormal result among HIV-negative women (6.8%) 
(Table 4).

HPV DNA results for the two HIV subpopulations are shown in 
Table 5, with two levels of cut-off for positivity. HIV-positive women 
were more likely to have positive findings for all hrHPV types than 
HIV-negative women (p<0.0001), and the prevalence was highest and 
constant in the youngest three age groups.

Histological diagnosis
We recalled all screen-positive women (n=605) for colposcopy and 
biopsy or LLETZ, and another 245 of 499 women from the screen-
negative study population, but not everyone attended. Histology 
results were available for 768 women (69.6% of the study population): 
42.7% of screen-negative and 91.7% of screen-positive women, and 
77.2% of WLWH and 64.2% of HIV-negative women. The histology 
test results per age and HIV group are shown in Table  6. The 
unadjusted histological diagnosis is shown as a percentage of the total 
group in the table and text and also in the table as a percentage only 
of those with histology. In addition, the histology results as adjusted 
for the known verification bias (VBA) are shown per age and HIV 
group, representing the best estimate of the true disease prevalence 
on tissue diagnosis.

HIV-positive women had more abnormal biopsy results than 
HIV-negative women, especially in more severe disease categories. 
CIN3+ was diagnosed on histology in 92 WLWH (20.2%) and 51 
HIV-negative women (7.9%), while VBA data suggest a prevalence 
as high as 23.2% v. 10.2%, respectively. The 143 confirmed CIN3+ 
lesions also included 15 (1.4%) confirmed cases of invasive cancer 
(VBA results: 172 cases including 22 cancers).

The results use two cut-off points (CIN2 and CIN3) to allow 
comparison with published data. CIN2, CIN3 and invasive cancer 
were all most prevalent between 35 and 39 years. The youngest 
woman with an invasive neoplasm was 35 years old and the oldest 
was 63 years old.

Discussion
The age distribution of HIV-negative women represents that of the 
local cervical screening population, while the age distribution of 
WLWH in this study mimics that of adult women receiving ART. 
Because of differences between the two subgroups, bias is introduced 
that may complicate interpreting the age distribution of test results. 
This study comprised a larger percentage of WLWH than the adult 
female HIV prevalence (41.3% v. the estimated 23.9%),[2] which was 
by trial design and was aimed to create two subpopulations to inform 
possible different screening policies for HIV-positive and HIV-
negative women.[15,18]

Positivity rates for all screening and diagnostic tests were unusually 
high among both subgroups, reflecting the largely unscreened and 
untreated status of the population and the local HPV epidemiology. 
Positivity for all abnormalities was much higher than reported from 
population-based studies performed in the rest of the world. [19,20] In 
addition, WLWH had double or more the prevalence of positivity 

on all tests than HIV-negative women. This could be due to 
current and previous impaired immunity, low CD4 nadir, incomplete 
reconstitution of cellular immunity, possible direct virus interaction, 
epithelial disease, and other factors. These findings support the need 
for a local screening policy, differentiating between the HIV groups. 
This study was not powered to explore differences according to CD4 
count and ARV duration.

VILI positivity rates were ~10% higher than when using acetic 
acid only. Naked-eye screening was positive in almost half of HIV-
positive women, in agreement with recently published findings by 
Kelly et  al. [21] (41.5 - 46.2%) from WLWH in Johannesburg. The 
performance of VIA, VILI and colposcopy as screening and triage 
tests to predict cytology and histology endpoints will be explored 
further among HIV-positive and negative groups.

Cytology data show a poorly understood increase at all thresholds 
when compared with historical data from a similar screening 
study performed previously in a population unselected for HIV.[22] 
Abnormalities were then seen in 17.3% (now 24.6%), HSIL+ in 9.6% 
(now 12.6%) and suspicion of malignancy in 0.5% (now 9.1%).[22] 
Possible explanations include a lower HIV prevalence in the earlier 
study, time since HIV infection, time exposed to HPV, and a change 
in HPV epidemiology over time. This increase has occurred despite 
a doubling in ART initiation and access between 2008 and 2012.[6] 
Regarding recent local data, cytology results corresponded to those 
reported for WLWH from Johannesburg,[21] but were worse than 
among women recruited from Cape Town.[23]

More severe abnormalities dominated, and HSIL+ occurred 
three times more than low-grade squamous intraepithelial 
lesions in both  subgroups, while in WLWH, atypical squamous 
cells were replaced by more severe lesions. In this small trial, 
the total number of women participating purely in a screening 
trial who had HSIL cytology (n=126/1 104) was similar to or 
exceeded the numbers used to calculate screening test performance 
in several single large international screening studies such as the 
ATHENA (n=146/46  887),[24] ARTISTIC (n=105/6  124)[25] and 
Onclarity (n=104/33  634)[26] trials, confirming our sample size 
calculation. Many screening/diagnostic studies artificially enrich 
the sample by including clinical samples from patients referred for 
cervical precancer and cancer, including Horizon (n=106/5 068, 
of whom 4 793 were from the screening population)[27] and a large 
Chinese study by Li  et al.[28] (100 CIN3 and 84 invasive cancers on 
histology/1 122 women comprising 911 screen participants).

The prevalence of detected hrHPV infection varies widely according 
to population characteristics such as age group, previous screening 
status, HIV and treatment status, and sensitivity of the sampling 
method and assay used. Data shown here were tested on a high-
throughput laboratory-based, dedicated screening platform that is used 
globally and includes 14 high-risk HPV types. HPV positivity rates 
using one of the accepted screening assays are of clinical importance to 
the National Department of Health, which in its screening policy has 
committed to the phased implementation of HPV-based screening to 
be performed by the National Health Laboratory Service.

Both overall and HPV16/18 positivity were lower in the present 
study than previously reported for the historical comparison group 
described above[22] tested with the Roche Linear Array research 
platform (37 types including low risk) (28.5% and 11.5% v. 54.3% 
and 19.5%, respectively). The plateau-shaped HPV age distribution 
curve (flattened up to the age of 39 years) persisted in our cohort, but 
is explained by the skewed age distribution of HIV-positive women. 
When corrected for HIV status, hrHPV positivity is highest in the 
youngest group and drops steadily among both HIV-positive and 
negative women (data not shown). When considering current data 
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Table 3. VIA and VILI results stratified by age and HIV status
VIA results, n or n (%) VILI results, n or n (%)

Negative
Positive or 
high grade

Uncertain 
or low grade

Positive 
screen Negative

Positive or 
high grade

Uncertain 
or low grade

Positive 
screen Total

Age group (years) 
25 - 29 103 10 27 37 (26.4) 101 13 26 39 (27.9) 140
30 - 34 124 21 24 45 (26.6) 126 22 21 43 (25.4) 169
35 - 39 132 33 56 89 (40.3) 130 39 52 91 (41.2) 221
40 - 44 118 25 42 67 (36.2) 118 24 43 67 (36.2) 185
45 - 49 95 12 34 46 (32.6) 86 14 41 55 (39.0) 141
50 - 54 94 9 26 35 (27.1) 88 12 29 41 (31.8) 129
55 - 59 63 3 11 14 (18.2) 55 5 17 22 (28.6) 77
60 - 65 36 2 4 6 (14.3) 35 2 5 7 (16.7) 42

HIV+ 238 (52.2) 85 (18.6) 133 (29.2) 218 (47.8) 226 (49.6) 98 (21.5) 132 (29.0) 230 (50.4) 456 
HIV– 527 (81.3) 30 (4.6) 91 (14.0) 121 (18.7) 513 (79.2) 33 (5.1) 102 (15.7) 135 (20.8) 648
Total 765 115 224 339 (30.7) 739 131 234 365 (33.1) 1 104

VIA = visual inspection with acetic acid; VILI = visual inspection with Lugol’s iodine; HIV+ = HIV positive; HIV– = HIV negative.

Table 4. Cytology results stratified by age and HIV status
Cytology result, n or n (%)

Positive at 
ASCUS+, 
n (%)

Positive at 
>ASCUS, 
n (%) Total, nN
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Age group (years)
25 - 29 106 11 4 7 11 0 0 1 33 (23.6) 22 (15.7) 140
30 - 34 120 8 1 8 28 0 0 4 45 (26.6) 37 (21.9) 169
35 - 39 147 12 10 11 35 0 2 4 70 (31.7) 58 (26.2) 221
40 - 44 134 6 7 8 24 0 4 2 49 (26.5) 43 (23.2) 185
45 - 49 112 6 2 4 13 0 2 2 27 (19.2) 21 (14.9) 141
50 - 54 100 11 4 2 8 1 1 2 27 (20.9) 16 (12.4) 129
55 - 59 62 4 2 0 4 1 0 4 11 (14.3) 7 (9.1) 77
60 - 65 31 3 2 0 3 1 1 1 10 (23.8) 7 (16.7) 42

HIV+ 274 (60.1) 17 (3.7) 17 (3.7) 29 (6.4) 94 (20.6) 2 (0.4) 10 (2.2) 13 (2.9) 169 (37.1) 152 (33.3) 456
HIV– 538 (83.0) 44 (6.8) 15 (2.3) 11 (1.7) 32 (4.9) 1 (0.2) 0 7 (1.1) 103 (15.9) 59 (9.1) 648
Total 812 61 32 40 126 3 10 20 272 (24.6) 211 (19.1) 1 104
NILM = negative for intraepithelial lesion or malignancy; ASCUS = atypical squamous cells of undetermined significance;  
ASC-H = atypical squamous cells, cannot exclude a high-grade lesion; LSIL CIN1 = low-grade squamous intraepithelial lesion, cervical squamous intraepithelial neoplasia 1;  
HSIL CIN2 - 3 = high-grade squamous intraepithelial lesion, cervical squamous intraepithelial neoplasia 2 - 3; AGUS = atypical glandular cells of undetermined significance;  
ASCUS+ = threshold of atypical squamous cells of undetermined significance; >ASCUS = threshold of worse than atypical squamous cells of undetermined significance;  
HIV+ = HIV positive; HIV– = HIV negative.

Table 5. HPV DNA results stratified by age and HIV status
HPV result, n or n (%)

Total, nNegative HPV16 HPV18 Other hrHPV No result Any hrHPV HPV16/18
Age group (years)

25 - 29 81 21 7 51 0 59 (42.1) 24 (17.1) 140
30 - 34 98 19 6 62 0 71 (42.0) 24 (14.2) 169
35 - 39 126 23 11 83 1 95 (43.0) 31 (14.0) 221
40 - 44 122 11 12 49 0 63 (34.1) 21 (11.4) 185
45 - 49 106 6 4 29 0 35 (24.8) 10 (7.1) 141
50 - 54 103 6 2 22 0 26 (20.2) 8 (6.2) 129
55 - 59 64 3 2 11 0 13 (16.9) 4 (5.2) 77
60 - 65 31 2 3 8 0 11 (26.2) 4 (9.5) 42

HIV+ 235 (51.5) 52 (11.4) 35 (7.7) 188 (41.2) 1 (0.2) 221 (48.5) 77 (16.9) 456
HIV– 496 (76.5) 39 (6.0) 12 (1.9) 127 (19.6) 0 152 (23.5) 49 (7.6) 648
Total 731 (66.2) 91 (8.2) 47 (4.3) 315 (28.5) 1 (0.1) 373 (33.8) 126 (11.4) 1 104

HPV = human papillomavirus; hrHPV = high-risk HPV.
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from southern Africa, our data show a lower hrHPV prevalence than 
that among sexually experienced high-school girls in Eastern Cape 
Province, SA (54.5%),[29] but a similar prevalence to other samples of 
adult women from the same province (28.5% overall, 40.6% v. 21.4% 
in WLWH and HIV negative[30]) and to HIV-positive and negative 
women from Botswana.[31,32]

Even in the HIV-negative subgroup, the prevalence of hrHPV, 
HPV16 and HPV18 (23.5%, 6.0% and 1.9%, respectively) is higher 
than figures reported in screening populations in the developed 
world in countries including Denmark (hrHPV 16.2%),[33] the USA 
(14.7%, 2.7% and 0.8%[26] and 12.6%, 2.8% and 1.0%,[24] respectively) 
and the UK (hrHPV 15.6%)[25] when using screen-adapted HPV tests. 
This difference is more pronounced among WLWH (48.5%, 11.4% 
and 7.7% in the present study).

Positivity rates for the various screening tests did not differ 
sufficiently within subgroups to allow a choice of screening test. 
For all tests, referral of all women with positive results for either 
treatment or colposcopic examination will result in overwhelming 

of the country’s service capacity. The resulting over-referral confirms 
the urgent need for a practical and simple referral and treatment 
algorithm, which must include a solution for the further management 
of screen-positive but triage-negative women. Further analysis will be 
performed to describe sensitivity, specificity and numbers referred 
for treatment of different strategies. The optimal strategy will allow 
treatment for the majority of women at highest risk for future invasive 
cancer with the lowest referral numbers.

Histological findings confirm the considerable burden of disease 
in both subgroups. Crude positivity rates based on histologically 
confirmed disease are inherently inaccurate. They would simulate 
an accurate population prevalence only if either all women without 
biopsy data have no disease (express data as a percentage of total 
subpopulation), or those with valid histological results were chosen 
randomly (express as percentage of biopsied women). There were, 
however, a surprising number of positive biopsies in screen-negative 
women, both HIV negative and positive, sampling was not random, 
and some screen-positive women did not have a histology result.

Table 6. Unadjusted and adjusted histology results stratified by age and HIV status 

Unadjusted histology, n or n (% of all women) [% of biopsied women]

Positive tests,  
n or n (% of all 
women) [% of 

biopsied women]
Total, nNot done Neg. CIN1 CIN2 CIN3 ACIS SCC/AC Other CIN2+ CIN3+

Age group 
(years)

25 - 29 41 28 31 21 19 0 0 0 40 19 140
30 - 34 53 39 24 30 23 0 0 0 53 23 169
35 - 39 55 42 51 39 29 1 4 0 73 34 221
40 - 44 45 53 35 20 27 1 2 2 50 30 185
45 - 49 46 35 30 16 11 0 3 0 30 14 141
50 - 54 43 32 26 14 10 0 3 1 27 13 129
55 - 59 34 19 13 5 4 0 2 0 11 6 77
60 - 65 19 7 7 5 3 0 1 0 9 4 42

HIV+ 104 (22.8) 99 (21.7)
[28.1]

77 (16.9)
[21.9]

82 (18.0)
[23.3]

81 (17.8)
[23.0]

2 (0.4)
[0.6]

9 (2.0)
[2.6]

2 (0.4)
[0.6]

174 (38.2)
[49.4]

92 (20.2)
[26.1]

456

HIV– 232 (35.8) 156 (24.1)
[37.5]

140 (21.6)
[33.7]

68 (10.5)
[16.4]

45 (6.9)
[10.8]

0 6 (0.9)
[1.4]

1 (0.2)
[0.2]

119 (18.4)
[28.6]

51 (7.9)
[12.3]

648

Total 336 (30.4) 255 (23.1)
[33.2]

217 (19.7)
[28.3]

150 (13.6)
[19.5]

126 (11.4)
[16.4]

2 (0.2)
[0.3]

15 (1.4)
[2.0]

3 (0.3)
[0.4]

293 (26.5)
[38.2]

143 (13.0)
[18.6]

1 104

Verification bias-adjusted histology, n or n (%= estimated prevalence)
Estimated disease 
prevalence, n (%)

Total, nNeg. CIN1 CIN2 CIN3 ACIS SCC/AC Other CIN2+ CIN3+
Age group 
(years)

25 - 29 46 44 26 23 0 0 1 49 (35.0) 23 (16.4) 140
30 - 34 62 40 40 25 0 2 0 67 (39.6) 27 (16.0) 169
35 - 39 70 64 48 33 1 5 0 87 (39.4) 39 (17.6) 221
40 - 44 77 49 24 29 1 3 1 57 (31.0) 33 (17.9) 184
45 - 49 53 46 23 15 0 4 0 42 (29.8) 19 (13.5) 141
50 - 54 52 42 18 12 0 4 1 34 (26.4) 16 (12.4) 129
55 - 59 31 28 9 6 0 3 1 18 (23.1) 9 (11.5) 78
60 - 65 15 15 6 5 0 1 0 12 (28.6) 6 (14.3) 42

HIV+ 142 (31.1) 108 (23.7) 97 (21.3) 91 (20.0) 2 (0.4) 13 (2.9) 3 (0.7) 203 (44.5) 106 (23.2) 456
HIV– 264 (40.7) 220 (34.0) 97 (15.0) 57 (8.8) 0 9 (1.4) 1 (0.2) 163 (25.2) 66 (10.2) 648
Total 406 (36.8) 328 (29.7) 194 (17.6) 148 (13.4) 2 (0.2) 22 (2.0) 4 (0.4) 366 (33.2) 172 (15.6) 1 104

Neg. = negative; CIN1 = cervical squamous intraepithelial neoplasia 1; CIN2 = cervical squamous intraepithelial neoplasia 2; CIN3 = cervical squamous intraepithelial neoplasia 3;  
ACIS = adenocarcinoma in situ; SCC/AC = squamous cell carcinoma/adenocarcinoma; CIN2+ = cervical squamous intraepithelial neoplasia 2 and worse;  
CIN3+ = cervical squamous intraepithelial neoplasia 3 and worse; HIV+ = HIV positive; HIV– = HIV negative.
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An important strength of this trial is the calculation of VBA 
histology data for all disease categories. As expected, the estimated 
prevalence values fall between the two crude values described above. 
Crude histological values are included as baseline data and allow 
direct comparison with trials with similar study design. This study 
population had up to 20 times higher histologically proven disease 
prevalence than other large screening trials, showing the need to 
recalculate the performance of different screening strategies for this 
setting and for the two groups separately.[24,26,34]

CIN2+ and CIN3+ on histology were significantly more common 
among WLWH than among HIV-negative women (odds ratios 1.91 
and 2.28, respectively), and disease severity in WLWH was also 
significantly worse. In this cohort, >20% of WLWH and 10% of 
HIV-negative women had significant precancerous lesions (CIN3+) 
and needed treatment. The estimated prevalence of existing invasive 
cervical cancer among women similar to those in this trial is 1 - 2%, 
with implications for cancer treatment readiness when improving 
screen coverage.

Other strengths of this trial include the availability of histology 
for the majority of women in the trial and for >90% of screen-
positive women, and the high prevalence of screen positivity and 
of histologically confirmed disease in both subgroups. For ethical 
reasons, we offered treatment as part of the trial, which also improved 
the quality of histology, reduced the number of patients lost to 
follow-up, and will enable the longitudinal follow-up phase of the 
trial. The multicentric nature of the study, staff training, audit and 
retraining, and the inclusion of all WHO screening options are also 
strengths. The results of this study can be extrapolated to populations 
of women in sub-Saharan Africa that are similar to ours in most 
respects, but not to highly resourced, screened and treated cohorts. 
The relatively small sample size is a limitation, as it may not allow 
accurate subanalyses.

Conclusion
Phase 1 of the DiaVACCS trial enrolled 1 104 SA women using 
the public healthcare sector, in subgroups of 465 HIV-positive and 
648 HIV-negative women. The demographics and the prevalence of 
HPV infection, positive screening test results, and biopsy-confirmed 
pre-invasive and invasive disease in both subgroups confirm the 
suitability of this cohort to calculate the performance of various 
screening and triage strategies using tests mentioned in this article 
and others that have not been included. By study design and owing 
to differences in demographics and epidemiology shown in these 
baseline results, HIV-positive and HIV-negative groups need to be 
considered separately in any further analysis.
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