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Objective: Cervical cancer is the leading cause of cancer-related death in women in
South Africa. This study evaluates DNA methylation levels in cervical (pre)cancer and
aims to assess the value of high-risk human papillomavirus (hrHPV) testing and
methylation analysis, alone or in combination, on physician-taken cervical scrapes
to detect cervical cancer, and cervical intraepithelial neoplasia grade 3 (CIN3) in an
HIV-infected South African population.

Design: Prospective observational multicentre cohort study.

Methods: Women from a cohort of women living with HIV (n ¼ 355) and a referral
cohort (n ¼ 109, 60% HIV seropositive) were included. Cervical scrapes were collected
for hrHPV testing and methylation analysis of cell adhesion molecule 1, T-lymphocyte
maturation-associated protein, and microRNA124-2 genes. Histologic endpoints were
available for all participants. Performance for detection of CIN3 or worse (CIN3þ) was
determined in the cohort of women living with HIV and different testing strategies were
compared.

Results: HrHPV and methylation positivity rates increased with severity of cervical
disease in the two study cohorts, each reaching 100% in samples of women with
carcinoma. HrHPV testing showed a sensitivity for CIN3þ of 83.6%, at a specificity of
67.7%. Methylation analysis showed a comparable CIN3þ sensitivity of 85.2%, but a
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significantly lower specificity of 49.6%. H
rHPV testing with reflex methylation analysis
showed a CIN3þ sensitivity of 73.8%, at a specificity of 81.5%.
Conclusion: In this HIV-infected South African population, stratifying hrHPV-positive
women with reflex methylation analysis detects all cervical carcinomas and yields an
acceptable sensitivity and specificity for CIN3þ.
Keywords: cytology, DNA methylation marker testing, early detection of
cancer, high-grade cervical intraepithelial neoplasia, HIV, human
papillomavirus DNA test, uterine cervical neoplasms
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Introduction
Cervical cancer remains an important public health
problem in developing countries. Worldwide approxi-
mately 528 000 women are diagnosed with cervical
cancer and 266 000 women die of the disease each year
[1]. The majority of all these cancer cases (85%) are
diagnosed in low and middle-income countries (LMIC).
In South Africa, cervical cancer is the leading cause of
cancer-related death in women [2,3]. The lack of an
effective cervical screening program and poor access to
healthcare are the main contributors to this high mortality
rate [4].

Cervical cancer is caused by a persistent infection with a
high-risk type of the human papillomavirus (HPV) and
develops through precancerous stages referred to as
cervical intraepithelial neoplasia grade 1–3 (CIN1–3)
[5–7]. An important risk factor for a persistent infection
with HPV and the development of CIN and cervical
cancer is infection with HIV [8,9]. In South Africa,
approximately seven million people are infected with
HIV (accounting for an estimated 12.7% of the
population), with women more severely affected than
men [10]. This large high-risk population highlights the
need of an effective cervical cancer prevention strategy.

Current cytology-based screening programs have proven
difficult to implement in LMIC because of inadequate
infrastructure and limited resources. South Africa has a
national policy for cervical screening using cytology, but
coverage of the program is limited to 16.7% [4].
Furthermore, the sensitivity of cytology for detection
of cervical disease has a wide variability, likely attributable
to the subjective nature of the test [11]. An ideal cervical
screening strategy should be objective and robust leading
to effective cervical (pre)cancer detection.

An alternative for cytology-based screening is HPV-based
screening. Screening for high-risk HPV (hrHPV) leads to
earlier detection of CIN3 and cervical cancer (CIN3þ)
when compared to cytology [12–15], and provides a
better protection against cervical cancer [16–21]. For this
reason, hrHPV testing will replace cytology as a primary
screening test in several countries [22]. However, the
specificity of hrHPV testing is limited as many of the
detected infections are transient, and only a minority is
associated with cervical abnormalities [23,24]. Therefore,
subsequent testing of hrHPV-positive women is recom-
mended to identify women with clinically meaningful
disease and to prevent overreferral and overtreatment
[25,26].

An attractive molecular tool for detection of CIN3þ in
hrHPV-positive women is the analysis of host cell DNA
methylation of genes related to cervical cancer develop-
ment [27–30]. Hypermethylation of the promoter
regions of the tumour suppressor genes cell adhesion
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molecule 1 (CADM1), T-lymphocyte maturation-asso-
ciated protein (MAL), and microRNA-124–2 (miR124–
2), leads to gene silencing and is recognized as an essential
step in cervical carcinogenesis [31–35]. Methylation
levels of these genes increase with the severity and
duration of the underlying cervical disease and are
exceptionally high in cervical cancer [36,37]. We
previously showed that DNA methylation analysis of
cervical scrapes for CADM1, MAL, and miR124–2 by a
clinically validated multiplex quantitative methylation-
specific polymerase chain reaction (PCR) detected all
cervical cancers [37]. Furthermore, methylation levels of
these genes are significantly higher in CIN2/3 with a
long-standing (�5 years) persistent hrHPV infection (so
called advanced CIN2/3 lesions), compared with CIN2/
3 associated with a more recently acquired infection
(<5 years) [36]. Accordingly, methylation positivity is
claimed to be associated with advanced CIN2/3 with a
high short-term progression risk to cervical cancer, in
need of direct treatment [27]. This high sensitivity for
advanced CIN2/3 and particularly cervical cancer makes
these markers attractive screening tools in countries with
limited screening lifetime opportunities [38].

The aim of the present study was to assess the clinical
performance of hrHPV testing and methylation analysis,
as single or combined testing strategies, for the detection
of cervical cancer and CIN3þ in an HIV-infected
population in South Africa.
Methods

Study participants and procedures
Between February 2013 and March 2015, women aged
18 years or above were recruited for participation in a
prospective observational multicentre cohort study
among women visiting a gynaecological outpatient clinic
at either the Steve Biko Academic Hospital or the
Tshwane District Hospital, in Pretoria, South Africa. The
study protocol was approved by the Ethical Committee of
the University of Pretoria, South Africa (protocol
numbers 100/2012 and 155/2014). All participants gave
written informed consent. The study comprised a cohort
of women living with HIV (WLHIV) and a referral
cohort (Fig. 1).

South African cohort of women living with HIV
In the cohort of WLHIV, women who tested HIV
seropositive and visited the gynaecological outpatient
clinic for cervical screening by a cervical scrape were
included. All women with a recent history of cervical
pathology (treated CIN2þ within two years prior to
inclusion) were excluded from the study, as were women
who previously underwent a hysterectomy. After
obtaining informed consent, a questionnaire on women’s
characteristics including the use of antiretroviral therapy



Fig. 1. Study flowchart. CIN, cervical intraepithelial neoplasia; CxCa, cervical carcinomas; hrHPV, high-risk human papilloma-
virus; LLETZ, large loop excision of the transformation zone; WLHIV, women living with HIV.
and CD4þ cell count was administered, cervical cells
were collected using a Cervix-Brush (Rovers Medical
Devices B.V., Oss, the Netherlands) and in all women
colposcopy was performed by a trained physician. After
preparation of a conventional Pap smear, the remaining
cervical scrape material was stored in 20 ml of Thinprep
PreservCyt solution (Hologic, Marlborough, Massachu-
setts, USA). At colposcopy, two mandatory cervical
biopsies were taken either from the most abnormal area
on the cervix, or at random (6 and 12 o’clock) if no lesion
was visible. Endocervical curettage was performed if the
squamocolumnar junction could not be visualized.

South African referral population
To investigate hrHPV and methylation positivity in
different histology groups, a referral cohort was included
in the study protocol to enrich the group of CIN2/3 and
particularly cervical carcinoma. In this referral cohort,
further referred to as ‘referral population’, women who
visited the gynaecologic outpatient department for
evaluation of abnormal cytology [high-grade squamous
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intraepithelial lesion or worse (�HSIL)] or biopsy-proven
cervical cancer were included. Participants in this study
cohort were also subjected to a clinical questionnaire and
a cervical scrape was taken using a Cervix-Brush. This
cervical scrape material was stored in 20 ml of Thinprep
PreservCyt solution (Hologic). Participants were clini-
cally managed according to their referral reason (see
Study endpoints).

Dutch reference population
Because the number of HIV seronegative women in the
two South African cohorts was too low to assess
methylation differences between HIV-infected and
non-HIV-infected women (see Statistical analysis), we
enlarged the sample size of HIV seronegative women for
this specific analysis with a Dutch hrHPV-positive
reference population [n¼ 188; study endpoints: 77
�CIN1, 32 CIN2, 16 CIN3, and 63 cervical carcinomas;
mean age: 41 years (range: 18–85)] [39]. As the incidence
of HIV in the Netherlands is very low, the Dutch study
group was assumed to be HIV seronegative [40]. This



cohort was not included in the original study protocol
and only used for this analysis.

Study endpoints
Conventional cytology slides and liquid-based cytology
(LBC) preparations were assessed through regular cervical
screening procedures and classified according to the
Bethesda 2001 classification [41]. All biopsies were
classified as no dysplasia, CIN1, CIN2, CIN3, or invasive
cancer, according to international criteria [42].

Women with atypical squamous cells - cannot exclude
HSIL (ASC-H) or HSIL on cytology (conventional or
LBC) or CIN2þ on a cervical biopsy were treated with a
large loop excision of the transformation zone (LLETZ),
according to local guidelines. Gynaecological examination
for clinical staging was performed in women referred for
cervical cancer. LLETZ specimenswere also classified as no
dysplasia, CIN1, CIN2, CIN3, or invasive cancer. No
cervical adenocarcinoma in-situ lesions were found in the
study population. Worst histology on either the cervical
biopsy or LLETZ specimen was taken as study endpoint. If
no diagnosis could be made based on biopsy or LLETZ
specimens, a sample was considered invalid for histology.

High-risk human papillomavirus testing
Vials containing cellular material in PreservCyt medium
were shipped to the Department of Pathology at the VU
University Medical Centre, Amsterdam, the Netherlands.
DNA was isolated from the cervical LBC material using
the Nucleo-Spin 96 Tissue kit (Macherey-Nagel, Düren,
Germany) and a Microlab Star robotic system (Hamilton,
Germany) according to manufacturers’ instructions [43].
b-Globin PCR analysis was conducted to confirm the
presence of human DNA in all specimens. The presence
of hrHPV was determined using the clinically validated
GP5þ/6þ PCR–EIA [44,45]. This kit detects DNA from
HPV genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66, and 68 (DDL, Rijswijk, the Netherlands). A
hrHPV and b-globin negative sample was considered
invalid.

Methylation analysis
Isolated DNA from the cervical scrapes was subjected to
bisulfite treatment using the EZ DNA Methylation
Kit (Zymo Research, Irvine, California, USA) as
described previously [32,33]. A commercial, clinically
validated multiplex quantitative methylation-specific
PCR (PreCursor-M, Self-screen B.V., Amsterdam, the
Netherlands) was used for DNA methylation analysis of
CADM1, MAL, and miR124–2 [37]. b-actin was used as
a methylation-independent reference to assure sample
quality. Analyses were done on an ABI 7500 real-time
PCR system (Applied Biosystems, Foster City, California,
USA). A sample was scored invalid for methylation
analysis when quantification cycle value for b-actin was
more than 30. Methylation values of CADM1, MAL, and
miR124–2 were normalized to the reference gene
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b-actin using the comparative quantification cycle
method for each marker: 100�2 (Ct(b-actin)-Ct(target)),
resulting in cycle threshold (Ct) ratios [46].

Statistical analysis
HrHPV positivity was determined in different histology
subgroups for the cohort of WLHIV and the referral
population separately.

To assess differences between methylation levels of
CADM1, MAL, and miR124–2 in different histology
groups, log-transformed Ct ratios of the different
methylation markers were plotted in a boxplot per
histology group (no dysplasia, CIN1, CIN 2, CIN3, and
cervical carcinomas) for the cohort of WLHIV and the
referral population together.

In addition, we analysed the effect of HIV status on
CADM1, MAL, and miR124–2 levels in the different
histology groups. Differences between HIV seropositive
from the two South African cohorts and seronegative
samples from the South African referral and the Dutch
reference population per histology group were assessed by
Mann–Whitney U tests for the log-transformed Ct ratios
of the methylation markers.

We then determined CADM1, MAL, and miR124–2
positivity in different histology groups for the cohort of
WLHIV and the referral population. According to the
manufacturers’ instructions, a sample was considered
methylation marker positive if the Ct ratio of at least one
of the individual methylation markers CADM1, MAL,
and miR124–2 was above the described clinically
validated thresholds [39].

Finally, in the cohort of WLHIV, the sensitivity for the
detection of CIN3þ as primary outcome measure by
hrHPV testing, methylation analysis and hrHPV testing
with reflex methylation analysis (that is, hrHPV-positive
women were stratified by methylation analysis and
considered positive if both assays tested positive among
all women screened) was calculated. The sensitivity and
specificity for CIN2þ are shown in supplementary data
(Supplementary Table 1, http://links.lww.com/QAD/
B131). Sensitivities and specificities of the different
testing strategies were compared using the McNemar test,
and 95% confidence intervals (CI) were computed for the
relative sensitivities and specificities [47]. Calculations
were performed in Microsoft Excel (2010), SPSS (V.22),
and STATA (V14.1).
Results

Baseline characteristics
In total, 475 women were enrolled in this study, of whom
366 in the cohort of WLHIV and 109 in the referral
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Table 1. Performance of different screening methods.

Screening method CIN3þ sensitivitya 95%CI n1/N1 CIN3þ specificity 95%CI n2/N2

Cohort of WLHIV (n¼321)
HrHPV testing 83.6% 74.3–92.9 51/61 67.7% 62.0–73.4 176/260
Methylation analysis 85.2% 76.3–94.1 52/61 49.6% 43.5–55.7 129/260
HrHPV testing with reflex methylation analysis 73.8% 62.7–84.8 45/61 81.5% 76.8–86.3 212/260

Test specifications of high risk human papillomavirus testing, methylation analysis, and combined high-risk human papillomavirus testing with
reflex methylation analysis for the detection of cervical intraepithelial neoplasia 3 or worse (CIN3þ). CI, confidence interval; CIN, cervical
intraepithelial neoplasia; HrHPV, high risk human papillomavirus; n1, number of test positive disease cases; N1, total number of disease cases; n2,
number of test negative nondisease cases; N2, total number of nondisease cases.
aNo carcinomas were missed by any of the presented screening strategies.
population (Fig. 1). In the cohort of WLHIV, 11 women
were excluded because of protocol violation (n¼ 8),
presence of an endometrial carcinoma (n¼ 1), and patient
withdrawal (n¼ 2), leaving 355 women. In the referral
population, no women were excluded.

The median age in the cohort of WLHIV was 40 years
[interquartile range (IQR): 35–46 years] and 44 years
(IQR: 34–51 years) in the referral population. In the
cohort of WLHIV all women were HIV seropositive,
of whom 353 (99%) were on antiretroviral treatment.
The median CD4þ cell count at time of cervical
screening in the cohort of WLHIV was 514 cells/ml
(IQR: 380–720 cells/ml). In the referral population, 65
women (60%) were HIV seropositive, of whom 24 (37%)
were on antiretroviral treatment. Median CD4þ cell
count in this population was 342 cells/ml (IQR: 236–
506 cells/ml). In total 38 women (35%) were HIV
seronegative and five (5%) women had an unknown
HIV status.

Women with an invalid HPV test result, invalid
methylation test result, or without a histologic endpoint
were excluded from analyses. In the cohort of WLHIV,
this resulted in 321 women with valid test results and a
study endpoint: 126 women had no dysplasia, 101
women had CIN1, 33 women had CIN2, 59 women had
CIN3, and two women had cervical carcinoma [one
squamous cell carcinoma (SCC) and one adenocarcino-
ma].

In the referral population, 108 women had valid test
results and a study endpoint. Of 65 HIV seropositive
women in this cohort, two women had no dysplasia, two
women had CIN1, nine women had CIN2, 33 women
had CIN3, and 19 women had cervical carcinoma (17
SCC, one adenocarcinoma, and one not specified). Of
the 38 HIV seronegative women in this cohort, two
women had no dysplasia, two women had CIN2, 12
women had CIN3, and 22 women had cervical
carcinoma (19 SCC and three not specified). Of the
five women with unknown HIV status in this cohort, one
woman had CIN1, one woman had CIN2, two women
had CIN3, and one woman had cervical carcinoma
type SCC.
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High-risk human papillomavirus testing

High-risk human papillomavirus positivity rate
In the cohort of WLHIV, in total 135 women (42%)
tested positive for hrHPV. Positivity rate increased with
the severity of the underlying cervical disease: hrHPV
positivity was found in 30 (24%) women without
dysplasia, 31 (31%) women with CIN1, 23 (70%) women
with CIN2, 49 (83%) women with CIN3, and two
(100%) women with cervical carcinoma.

In the referral population, in total 103 women (95%)
tested positive for hrHPV. HrHPV positivity in HIV
seropositive women was found in two (100%) women
without dysplasia, eight (89%) women with CIN2, 33
(100%) women with CIN3, and 19 (100%) women with
cervical carcinoma. HrHPV positivity in HIV seronega-
tive women was found in one (50%) woman without
dysplasia, two (100%) women with CIN2, 11 (92%)
women with CIN3, and 22 (100%) women with cervical
carcinoma. All women with unknown HIV status (n¼ 5,
one CIN1, one CIN2, two CIN3, one SCC) tested
positive for hrHPV.

Methylation analysis

Methylation marker levels
As shown in Fig. 2, in the South African study cohorts
methylation levels of CADM1 (Fig. 2a), MAL (Fig. 2b),
and miR124–2 (Fig. 2c) increased with the severity of the
underlying cervical disease.

To investigate a potential effect of HIV status on
methylation levels of the three markers, we compared
Ct ratios of CADM1, MAL, and miR124–2 between
HIV seropositive (n¼ 386, South African population)
and HIV seronegative (n¼ 226; South African population
n¼ 38; Dutch population n¼ 188) women. South
African cases with unknown HIV status were excluded
from this analysis (n¼ 5). Ct ratios of miR124–2 were
significantly increased in the samples of HIV seropositive
women compared with those of HIV seronegative
women with CIN1 (P< 0.001) or less, CIN2
(P¼ 0.003), and CIN3 (P¼ 0.031). This effect was not
seen among samples of women with cancer (P¼ 0.46).
The Ct ratios for CADM1 and MAL were not



Fig. 2. Methylation levels increase with severity of histology study endpoints. Methylation levels of CADM1 (a), MAL (b) and
miR124–2 (c) in cervical scrapes represented by boxplots of the log10-transformed Ct ratios (y-axis) in the different histology study
endpoint groups (x-axis) from the cohort of women living with HIV and referral cohort combined. The threshold for marker
positivity is given as a reference line. CIN, cervical intraepithelial neoplasia; CxCa, cervical carcinomas.
significantly increased in HIV seropositive women over
HIV seronegative women.

Similar findings were observed when comparing South
African HIV seropositive samples (n¼ 386) with Dutch
HIV seronegative samples (n¼ 188).

Methylation positivity rate
In the cohort of WLHIV, in total 183 women (57%)
tested positive for methylation of one or more markers.
The methylation positivity rate increased with the
severity of the underlying cervical disease: that is,
methylation positivity was detected in 55 (44%) women
without dysplasia, 55 (54%) women with CIN1, 21 (64%)
women with CIN2, 50 (85%) women with CIN3, and
two (100%) women with cervical carcinomas.

In the referral population, in total 97 women (90%) tested
positive for methylation of one or more markers.
Methylation positivity in HIV seropositive women was
detected in one (50%) woman without dysplasia, one
(50%) woman with CIN1, seven (78%) women with
CIN2, 32 (97%) women with CIN3, and 19 (100%)
women with cervical carcinomas. Methylation positivity
in HIV seronegative women was detected in two (100%)
women with CIN2, nine (75%) women with CIN3, and
22 (100%) women with cervical carcinomas. All women
with unknown HIV status (n¼ 5, one CIN1, one CIN2,
two CIN3, one SCC), except the woman with CIN2,
tested positive for methylation of one or more markers.

Performance of testing strategies
Test specifications for the detection of CIN3þ of hrHPV
testing, methylation analysis, and hrHPV testing with
reflex methylation analysis in WLHIV are shown in
Table 1.

HrHPV testing scored all cervical cancers positive and
yielded a high sensitivity for the detection of CIN3þ of
83.6%, with a specificity of 67.7%. Methylation analysis
also scored all cancers positive and showed a sensitivity for
6

CIN3þ of 85.2%, comparable to hrHPV testing, but with
a significantly lower specificity of 49.6% (P< 0.001; ratio
0.73; 95%CI 0.64–0.85). HrHPV testing with reflex
methylation analysis led to a significantly lower sensitivity
for CIN3þ over sole hrHPV testing of 73.8% (P¼ 0.031;
ratio 0.88; 95%CI 0.80–0.98), but with a significant
increase in specificity over sole hrHPV testing, reaching
81.5% (P< 0.001; ratio 1.21; 95%CI 1.13–1.28).
Comparable results were found for the detection of
CIN2þ (Supplementary Table 1, http://links.lww.com/
QAD/B131).

In the referral population test performances in terms of
sensitivity and specificity for CIN3þ could not be
calculated because the selection of women was only based
on abnormal cytology.
Discussion

In this prospective observational multicentre cohort study
in an HIV-infected South African population, both
hrHPV testing and methylation analysis of the genes
CAMD1, MAL, and miR124–2 (PreCursor-M) detected
all cervical carcinomas and the majority of CIN3, with a
moderate CIN3þ specificity for both hrHPV testing
(67.7%) and methylation analysis (49.6%). This specificity
was significantly increased (81.5%) by the use of
methylation analysis as a reflex test among hrHPV-
positive women, with an acceptable sensitivity (73.8%).
The combination of these two molecular tests offers an
objective screening strategy which provides a high
reassurance against cervical cancer.

The specificity of methylation analysis, as performed in
this study using the marker panel of CADM1, MAL, and
miR124–2, would need improvement when considered
as primary screening method in this population living
with HIV. The relatively low specificity could be
explained by the significantly higher methylation levels
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for miR124–2 found in control samples (CIN1 or less) of
HIV seropositive women when compared with control
samples of HIV seronegative women. The relatively
higher methylation levels might be explained by the
upregulation of DNA methyltransferase expression and
activity, resulting in increased DNA methylation levels
in HIV-infected cells [48,49]. A methylation panel
fine-tuned specifically for testing populations with a
high HIV prevalence, potentially including different
markers, might correct for this and warrants further
investigation [28,50,51]. As we had to include a Dutch
seronegative population to reach sufficient power for
comparative analyses, we cannot exclude that the
difference between HIV seropositive and seronegative
women may in part reflect a population effect. The
relatively low specificity for CIN3þ detection by hrHPV
testing in the WLHIV cohort might be explained by the
high prevalence of hrHPV in this population and/or an
effect of immunosuppression caused by an HIV infection
[52,53].

Methylation analysis as a stand-alone test for the detection
of cervical abnormalities may provide an interesting
screening method in LMIC with poor access to
healthcare and low lifetime screening opportunities,
where the optimal screening tool should be cancer proof
and preferably applicable in one visit to prevent loss to
follow-up. In this study, methylation analysis had a
comparable sensitivity as hrHPV testing, and identified all
cervical carcinomas and the majority of CIN3 in both the
cohort of WLHIV and the referral population. Our
findings are in line with previous research [38,54,55]. De
Vuyst et al. evaluated the same methylation marker panel
of CADM1, MAL, and miR124–2 for the stratification of
hrHPV-positive women in a cross-sectional study of HIV
seropositive women in Kenya [38]. Triage by this marker
set was clearly superior to HPV16/18 genotyping or
visual inspection with acetic acid and comparable to
cytology. We found comparable results for HPV16/18
genotyping triage in this study (M.V.Z. and W.W.K.
manuscript in preparation). In a case control study in
Tanzania with a high HIV prevalence, other methylation
markers [paternally expressed gene 3 (PEG3), insulin-like
growth factor 2 (IGF2), H19 differentially methylated
region (H19 DMR) and paternally expressed gene
1/mesoderm-specific transcript (PEG1/MEST)] were
also found to be associated with an increased risk of CIN
and cervical cancer [54,55].

Cytology was not shown as a reference strategy because of
the bias in the performance of cytology compared to
hrHPV testing and methylation analysis. The indication
for treatment was only based either on HSIL on cytology,
or CIN2þ on biopsy. Therefore, performance of
cytology could not directly be compared to hrHPV
testing and methylation analysis [51,56]. Nonetheless, we
calculated the performance of cytology (�HSIL); the
sensitivity for CIN3þ was 57.4% with a specificity of
7

92.6%. The sensitivity for CIN2þ was 48.9% with a
specificity of 96.4%.

A limitation of the study is that hrHPV testing and
methylation analysis were performed in an expert
laboratory in the Netherlands. Therefore, the perfor-
mance of the assays might not truly represent field
conditions. Moreover, it cannot be excluded that the
shipment of the samples influenced the quality of the
samples, possibly explaining the number of test failures for
hrHPV testing of 1.3% and methylation analysis of 4.7%.
In the future, test performance evaluations should be
done locally.

An important advantage of cervical screening by hrHPV
testing and methylation analysis is the objective nature of
the tests. By using these tests, cervical screening could
become independent of (subjective) cytology testing.
Furthermore, their applicability to self-collected cervical
material will be an interesting addition in the optimi-
zation of screening programs, as shown in previous trials
[57–59]. These molecular tests can be further improved
into rapid point-of-care tests that allow women to be
(self)screened and, if local facilities allow, treated in one
day. This would restrict the loss to follow-up and decrease
the workload for gynaecologists. However, local infra-
structure and cost-effectiveness in cervical screening are
important aspects in LMIC [38]. If molecular tests are
used more widely, the emergence of affordable tests can
be envisioned and implementation in LMIC would
become more feasible.

The study shows a promising clinical performance of
hrHPV testing and methylation analysis for the detection
of CIN3þ in an HIV-infected population in South
Africa. Under current settings, hrHPV testing with reflex
methylation analysis of CADM1, MAL, and miR124–2
in hrHPV-positive women could be an alternative
objective, biomarker-based test strategy. It allows the
detection of all cervical carcinomas and yields a high
sensitivity with a good specificity for CIN3þ. In future,
primary methylation analysis could be an attractive
screening tool in LMIC if specificity can be increased.
Local settings such as available resources and population
characteristics should determine which strategy is most
favourable.
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