
GYNECOLOGIC CANCER

original
reports

Feasibility and Acceptability of
Smartphone-Based Cervical Cancer Screening
Among HIV-Positive Women in Western Kenya
Chemtai Mungo, MD, MPH1; Cirilus Ogollah Osongo, BA2; Jeniffer Ambaka, DipCM2; Magdalene A. Randa, MBChB2;
Benard Samba, BSc2; Catherine A. Ochieng, BSc2; Emily Barker, MD3; Anagha Guliam4; Jackton Omoto, MBChB, MMed5; and
Craig R. Cohen, MD, MPH6

abstract

PURPOSEAdjunct cervical cancer screeningmethods are under evaluation to improve the diagnostic accuracy of
human papillomavirus (HPV)-based screening in low- andmiddle-income countries. We evaluated the feasibility
and acceptability of smartphone-based cervicography among HPV-positive women living with HIV (WLWH) in
Western Kenya.

METHODS HPV-positive WLWH of 25-49 years of age enrolled in a clinical trial (ClinicalTrials.gov identifier:
NCT04191967) had digital images of the cervix taken using a smartphone by a nonphysician provider following
visual inspection with acetic acid. All participants had colposcopy-directed biopsy before treatment. Cervical
images were evaluated by three off-site colposcopists for quality, diagnostic utility, and assigned a presumed
diagnosis. We determined the proportion of images rates as low, medium, or high quality, interobserver
agreement using Cohen’s Kappa statistic, and the off-site colposcopist’s sensitivity and specificity for diagnosis
of cervical intraepithelial neoplasia grade 2 or worse (CIN2+) compared with histopathology. Acceptability was
evaluated using a questionnaire.

RESULTS One hundred sixty-four HPV-positive WLWH underwent cervicography during the study period. Mean
age was 37.3 years. Images from the first 94 participants were evaluated by off-site colposcopists, with a majority
(70.9%) rated as high quality. Off-site colposcopists had a sensitivity ranging from 21.4% (95% CI, 0.06 to 0.43)
to 35.7% (95%CI, 0.26 to 0.46) and a specificity between 85.5% (95%CI, 0.81 to 0.90) to 94.9% (95%CI, 0.92
to 0.98) for diagnosis of CIN2+ based compared with histopathology. The majority of women, 99.4%, were
comfortable having an image of their cervix taken as part of screening.

CONCLUSION Cervicography by a nonphysician provider as an adjunct to HPV-based screening among WLWH in
a low- and middle-income country setting is feasible and acceptable. However, low sensitivity for diagnosis of
CIN2+ by off-site expert colposcopists highlights the limitations of cervicography.
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INTRODUCTION

Although cervical cancer is preventable, in 2018, an
estimated 570,000 new cases occurred, with 90% in
low- and middle-income countries (LMICs).1 Cervical
cancer is an AIDS-defining malignancy, and women
living with HIV (WLWH), the majority of whom live in
LMICs, are at increased risk because of high incidence
and persistence of high-risk human papillomavirus
(HPV) infection, the causative agent.2 Compared to
HIV-negative women, WLWH are up to six times more
likely to develop cervical cancer,3 making prevention
efforts among this group particularly urgent. In 2013,
the WHO recommended cervical cancer screening
using visual inspection with acetic acid (VIA) or HPV
testing in LMICs, followed by immediate treatment, in a
screen-and-treat strategy, to reduce loss to follow-up.4

However, screening based on VIA is limited by sig-
nificant variation in sensitivity across studies (41%-
79%5 v 22%-74%6) and meta-analyses (41%-92%7)
depending on the quality of personnel training and
experience.8 Unlike VIA, HPV testing offers a more
reproducible test with superior sensitivity for detecting
precancerous lesions.9 In the 2018 global call for
cervical cancer elimination, the WHO recommends
HPV testing as a primary screening method,10 listing
it as a Best Buy for noncommunicable disease
prevention.11 HPV screening, although increasingly
feasible through self-sampling,12 is limited by poor
specificity, as it cannot separate transient from persistent
infections, leading to overtreatment in a screen-and-treat
approach.9,13 This lack of specificity highlights a need for
adjunct screening or triage methods that increase
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specificity within the screen-and-treat approach without a
substantial decrease in sensitivity or increase in cost or in-
frastructure requirements.

Cervicography, also known as digital colposcopy, involves
digital imaging of the cervix and has been investigated as an
adjunct method for cervical cancer screening in LMICs.14-18

Cervicography can improve the quality of VIA through
magnification by offering higher resolution than the naked
eye, supporting quality control efforts through periodic re-
views of images,19 as well as enabling long-distance con-
sultation by expert colposcopists.16,19 Unlike traditional
colposcopes, which are expensive and require stable elec-
tricity, new smartphone-based mobile colposcopes have
been developed for use in LMICs.14,20,21 Smartphone-based
imaging offers several advantages, including lower cost
hence accessibility, user-friendly interfaces, high-definition
cameras, and minimal maintenance requirements.22 Pilot
studies in LMICs suggest that cervicography may improve
the sensitivity of VIA to diagnose high-grade precancerous
lesions.19,23 Additionally, recent evidence has demonstrated
the feasibility of developing highly accurate automated al-
gorithms for identifying high-grade precancer from cervical
film camera images,24 with the potential for implementation
within cervical images taken using smartphones at the point
of care.25

However, few studies have evaluated the feasibility and
acceptability of cervicography by nonphysician providers as
an adjunct to HPV screening among HIV-positive women in
LMICs.15 Evaluating acceptability in this high-risk pop-
ulation is crucial, given the role of HIV-associated stigma in
affecting the uptake of medical interventions in sub-
Saharan Africa.26,27 In this study, we evaluate the feasi-
bility of adjunct smartphone-based cervical cancer
screening among WLWH in LMICs by evaluating the (1)
acceptability of digital cervicography and (2) quality of
digital cervical images taken by a nonphysician provider.

We also evaluate the diagnostic accuracy of off-site col-
poscopists for cervical intraepithelial neoplasia 2+ (CIN2+)
from cervical images compared with gold-standard cervical
histopathology.

METHODS

This study took place between September 2019 and
February 2020 at a Family AIDS Care & Education Services
(FACES)-supported Ministry of Health HIV clinic in Kenya.
Women of 25-65 years of age were offered cervical cancer
screening using HPV testing of self-collected samples using
the careHPV (Qiagen, Germantown, MD), which tests for
14 high-risk HPV types.28 The WHO-recommended
‘screen-and-treat’ approach is implemented where all
HPV-positive women are offered same-day treatment per
WHO guidelines.4,29 As part of a clinical trial (Clinical-
Trials.gov identifier: NCT04191967), all HPV-positive
women undergo colposcopy-directed biopsy for histopa-
thology diagnosis before treatment. Eligibility criteria of this
trial has previously been described,30 which excluded
pregnant women. In this analysis, HPV-positive women of
25-49 years of age participating in this clinical trial were
included. Following VIA, a smartphone (Samsung J8,
Seoul, South Korea) with a 16-megapixel camera was used
to take a minimum of three images of the cervix within the
Box application (Redwood City, CA). Images were taken at
the same distance, approximately 3-5 cm from the spec-
ulum. An image was deemed satisfactory if it met the
following criteria: no external genitalia were exposed, the
speculum was not visible, the cervix was focused and
centered on the image, the entire transformation zone was
visible with no shadows, and there was minimal or no light
reflection on the cervix.31 Multiple images could be taken
until three satisfactory images were obtained. Images were
taken by a clinical officer with approximately 4-6 hours of
hands-on cervicography training. Because of increased
glare, no flash was used while taking images, and the zoom
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function was limited to 1.5 times to reduce blurring. Each
satisfactory image was then renamed with a unique par-
ticipant identification code and saved onto the offline ap-
plication. Participants were then shown the image of their
cervix, highlighting abnormal areas if any, before treatment.
The smartphone was used exclusively for the study. Cer-
vical colposcopy was then performed using the Gynocular

colposcope (Gynius AB, Göteborg, Sweden) for magnified
visualization of the squamocolumnar junction and identi-
fication of lesions, if any, for biopsy. A minimum of three
colposcopy-directed cervical biopsies were obtained from
any abnormal areas, or random four-quadrant biopsies
were obtained if no lesions were visualized before treat-
ment. At the end of the visit, a short survey was admin-
istered evaluating acceptability of cervicography. Cervical
biopsies were stored in dilute formalin and transported to a
registered pathologist at the University of Nairobi for
analysis. Histopathology results were classified as negative,
CIN1, CIN2, CIN3, or invasive carcinoma.

Cervical images were uploaded daily to a secure, web-
based Box account via a wireless Internet connection.
Participant data, including final histopathology diagnosis
linked to the participant’s unique image identification
number, were recorded in a secure database. For this
analysis, among the 164 women enrolled, images from the
first 94 participants were analyzed. Study personnel
reviewed the three cervical images of these participants
and selected the single best image for expert review—using
the aforementioned criteria. A survey with an embedded
image from each participant was developed using KoBo
Toolbox software (Cambridge, MA) and sent to three in-
dependent expert colposcopists—two gynecologic oncol-
ogists (one in Kenya and another in the United States) and a
general gynecologist in Kenya, all with colposcopy expe-
rience ranging from 10 to 25 years each. Reviewers were
blinded to pathology diagnosis. The survey was adminis-
tered in person or online, per provider preference. In the
survey, reviewers were asked to rate the quality of the
images, whether they could make a diagnosis from it, and if
so, what diagnosis they would assign. The images could be
scored as being of low quality (the image is not in focus and
most quadrants are not visible), medium quality (the image
is slightly out of focus and most cervical quadrants are
visible), or high quality (the image is in focus and all cervical
quadrants are visible).21 Among images thought to be of
diagnostic utility, reviewers assigned a diagnosis of normal
(no dysplasia), CIN1, or CIN2 or worse. Images were
evaluated at a later date, and the results did not influence
treatment decisions.

TABLE 1. Participant Characteristics of HPV-Positive WLWH
Undergoing Image-Based Screening in Western Kenya
Variable No. (%)

N = 164

Age, years, mean 6 SD 37.3 6 6.6

Age group, years

25-39 103 (62.8)

40-49 61 (37.2)

Marital status

Single 20 (12.2)

Married 83 (50.6)

Widowed 37 (22.6)

Divorced or separated 24 (14.6)

Highest education level attaineda

None 0 (0.0)

Primary 88 (55.7)

Secondary 51 (32.3)

Post-secondary 19 (12.0)

Employment status

Employed 135 (82.3)

Not employed 29 (17.7)

Parity, mean (SD) 3.0 (2)

Age at first sexual intercourse, mean (SD) 17.7 (2.9)

CD4 count, mean (SD) 448.6 (280.8)

Virally suppressedb

Yes 155 (97.5)

No 4 (2.5)

Currently using contraceptionc

Yes 104 (63.8)

No 59 (36.2)

Method of contraceptiond

Implant 36 (37.1)

Injectable 32 (33.0)

Condoms 25 (25.8)

Other 4 (4.1)

Abbreviations: HPV, human papillomavirus; SD, standard deviation;
WLWH, women living with HIV.

aSix with missing data.
bFive with missing data.
cOne with missing data.
dSeven with missing data.

TABLE 2. Evaluation of the Quality and Diagnostic Utility of 94 Digital
Images From HPV-Positive WLWH by Off-Site Expert Colposcopists

Observer

Low
Quality
No. (%)

Medium
Quality
No. (%)

High Quality
No. (%)

Diagnostic
Utility
No. (%)

Rater 1 1 (1.1) 45 (47.9) 48 (51.1) 81 (86.2)

Rater 2 1 (1.1) 23 (24.5) 70 (74.5) 94 (100.0)

Rater 3 5 (5.3) 7 (7.6) 82 (87.3) 70 (74.4)

Total 7 (2.5) 75 (26.6) 200 (70.9) 245 (86.9)

Abbreviations: HPV, human papillomavirus; WLWH, women living
with HIV.
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Data were collected using REDCap and analyzed by Stata
version 13.1 (StataCorp, College Station, TX). Clinical
and demographic characteristics were obtained from
participant interviews or abstracted from clinical data.
Quantitative variables are expressed as means and stan-
dard deviations (SDs), whereas qualitative variables are
expressed as proportions, unless otherwise stated. We
determined the proportion of images rated as low, medium,
and high quality, as well as those thought to be of diagnostic
utility by each individual reviewer, as well as overall. We
determined the interobserver agreement on image quality
using Cohen’s kappa (κ) statistic, and its corresponding
P values, comparing the observed and expected levels
of agreement. Kappa statistics were interpreted as follows:
≤ 0 indicating no agreement, 0.01-0.20 none to slight
agreement, 0.21-0.40 fair agreement, 0.41-0.60 moderate
agreement, 0.61-0.80 substantial agreement, and 0.81-
1.00 almost perfect agreement.32 Among images with
assigned diagnoses by the expert reviewers, we determined
the sensitivity and specificity (and 95% CIs) of each re-
viewer’s diagnosis of CIN2 or worse compared with the
gold-standard histopathology. The institutional review
boards of Maseno University and the University of California
San Francisco approved this study.

RESULTS

A total of 164 HPV-positive WLWH between ages of 25-49
years underwent cervicography at FACES between Sep-
tember 2019 and February 2020. The mean age was 37.3
years (SD, 6.6) (Table 1). Slightly more than half of the
participants, 83 (50.6%), were married and 88 (55.7%)
had at least a primary education. All participants were on
antiretroviral therapy, with a mean CD4 count of 448.6
cells/mL (SD, 280.8) and 97.5% were virally suppressed
(, 1,000 copies/mL).33 On average, between five and
seven images were needed to be taken to obtain three
images of satisfactory quality. Images from the first 94
participants were evaluated by three off-site colposcopists.
Of 282 expected evaluations for image quality by all col-
poscopists, 280 (99.2%) evaluations were successfully
submitted. The majority of images 200 (70.9%) were rated
as high quality, ranging from 51% (rater 1) to 87.3% (rater
3) (Table 2). Seventy-five (26.6%) images were rated as
medium quality and only seven (2.5%) images rated as low
quality. The expert reviewers judged 245 (86.9%) of the
images to be of sufficient quality to make a diagnosis,
ranging from 74.4% (rater 3) to 100.0% (rater 2). The most
common reason images were considered nondiagnostic
was because of the inability to visualize the squamoco-
lumnar junction. Figure 1 shows examples of images rated
as low, high, or medium quality. The rate of agreement on
the image quality between colposcopists and the corre-
sponding kappa values ranged from none to slight agree-
ment (κ = 0.06) to fair agreement (κ = 0.23) (Table 3). The
overall (combined) kappa was 0.29 (data not shown),
demonstrating lack of interobserver agreement on the quality
of cervical images.

Low-quality image

High-quality image High-quality image

Low-quality image Medium-quality image Medium-quality image

FIG 1. Examples of cervical images from
HPV-positive WLWH rated as low, high, or
medium quality. HPV, human papilloma-
virus; WLWH, women living with HIV.

TABLE 3. Agreement and Kappa Values Between Colposcopists on the Quality of
Cervical Images

Observer
Obtained Agreement

%
Expected Agreement

% κ Statistic SE P

Rater 1 58.51 49.75 0.17 0.09 .024

Rater 2 74.47 66.84 0.23 0.08 .001

Rater 3 51.06 48.17 0.06 0.06 .157
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We compared the expert colposcopists presumed diag-
nosis of CIN2+ based on the cervical images to the final
histopathology diagnosis. Among the 94 participants, 68
(72.3%) had normal histology, 10 (10.6%) had CIN1, four
(4.3%) had CIN2, 11 (11.7%) had CIN3, and one (1.1%)
had invasive cervical carcinoma—thus, 16 (17.0%) had
CIN2+. Expert colposcopists had a sensitivity of 21.4%
(95% CI, 0.06 to 0.43) to 35.7% (95%CI, 0.26 to 0.46) and
a specificity ranging from 85.5% (95% CI, 0.81 to 0.90) to
94.9% (95% CI, 0.92 to 0.98) for CIN2+ compared with
gold-standard histopathology (Table 4). Figure 2 shows
cervical images with histopathology diagnoses of CIN1 (Fig
2A), CIN2 (Fig 2B), CIN3 (Fig 2C), and invasive carcinoma
(Fig 2D).

Following screening and treatment, participants were
shown images of their cervix and asked questions about the
acceptability of this method for screening (Table 5). The
majority of women, 163 (99.4%), reported feeling com-
fortable with having an image of their cervix taken as part of
screening, with 97.0% reporting that seeing an image of
their cervix helped increased their understanding of the
screening and treatment process. When asked, almost all
women, 99.4%, said that they would recommend image-
based screening to a friend.

DISCUSSION

In this study, we sought to investigate the feasibility and
acceptability of cervicography as an adjunct to HPV testing
in a screen-and-treat program in an LMIC. We find high
acceptability of cervicography as an adjunct screening test
among HPV-positive WLWH in western Kenya. An over-
whelming majority of women were comfortable with having
an image of their cervix taken as part of screening and

reported that seeing an image of their cervix increased their
understanding of the screening and treatment process and
would recommend this screening method to a friend. In this
real-world setting of cervical cancer screening done by a
nonphysician provider in a primary care setting in an LMIC,
we also find that the majority of cervical images taken
during routine screening were judged to be of high or
medium quality by off-site expert colposcopists and were of
diagnostic utility for evaluating for the presence of cervical
dysplasia. However, we find low sensitivity for diagnosis of
CIN2+ by expert colposcopists from the cervical images
when compared with gold-standard histopathology diag-
nosis, which if used for triage would result in substantial
loss in sensitivity obtained from HPV screening.

Prior studies, although limited, have suggested that intro-
duction of cervicography within routine cervical cancer
screening programs in LMICs, most of which are led by
nonphysicians, can improve diagnostic accuracy and
support training and quality improvement efforts. Cervi-
cography programs can also serve as a platform for in-
corporating technology-based screening like automated
algorithms, which in demonstration studies have shown
accuracy as high as 91% (95% CI, 89 to 93) for diagnosing
CIN2+, higher than HPV tests or human experts.24

Smartphones, which are increasingly accessible around
the world,34 have the ability to take high-quality images that
can be easily shared using wireless connectivity, providing
significant advantages over standard digital cameras.35 To
our knowledge, this is the first study to investigate the
acceptability of cervicography during routine cervical
cancer screening by nonphysician providers among HPV-
positive WLWH in an LMIC setting. This is important as
WLWH shoulder the highest burden of cervical cancer and
are a priority population for implementation of any
technology-based solution. Our finding that the majority of
cervical images were of high or medium quality is con-
sistent with prior evaluations in LMICs.35,36

Despite the reported benefits of cervicography over naked-
eye VIA including improving quality through higher
resolution19 and supporting remote consultation,16,19 sig-
nificant variation in interobserver agreement persists
among off-site expert colposcopists,37 as shown in our
study, where off-site colposcopists’ agreement of image

TABLE 4. Comparison of the Sensitivity and Specificity of Expert Reviewers for
CIN2+ Compared With Gold-Standard Histopathology Among HPV-Positive WLWH
Observer No.a Sensitivity % 95% CI No.a Specificity % 95% CI

Rater 1 68 21.4 0.06 to 0.43 68 94.4 0.89 to 0.10

Rater 2 92 35.7 0.26 to 0.46 92 94.9 0.92 to 0.98

Rater 3 69 21.4 0.16 to 0.26 69 85.5 0.81 to 0.90

Abbreviations: CIN, cervical intraepithelial neoplasia; HPV, human
papillomavirus; WLWH, women living with HIV.

aNumber of images assigned a diagnosis by each rater.

CIN1 CIN 2 CIN3 Microinvasive carcinoma

A B C D
FIG 2. Cervical images from HPV-positive
WLWH with histopathology diagnoses of (A)
CIN1, B (CIN2), C (CIN3), D (invasive carci-
noma). CIN, cervical intraepithelial neoplasia;
HPV, human papillomavirus; WLWH, women
living with HIV.
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quality was only fair (κ = 0.29). Interobserver agreement of
cervicography findings among HPV-positive women has
ranged from fair (κ = 0.29; 95% CI, 0.20 to 0.38)15 to
moderate (κ = 0.43 [CI not reported]) in Madagascar.35

Although some studies have shown improvement in test
sensitivity for precancerous lesions with the addition of
cervicography to VIA-based see-and-treat programs,19

among studies comparing cervicography expert diagno-
ses to gold-standard histopathology, sensitivity has been as
low as 28.6% (95% CI, 3.7 to 73)15 to 50% (95%CI, 18.8 to
81.2).35 This is consistent with our study where expert
colposcopists’ diagnostic sensitivity for CIN2+ from images
of HPV-positive WLWH ranged from 21.4% to 35.7%,
highlighting a need for better adjunctive tests that can
improve the accuracy of the single-visit screen-and-treat
approach. Perhaps, like VIA, which has limited accuracy
but its use in LMICs lay the groundwork for adoption of more
objective HPV molecular assays,38 the largest impact of
cervicography may be in facilitating implementation of
automated visual algorithms that bring accurate, affordable
diagnosis to the point-of-care.25

Our study highlights several feasibility issues for consid-
eration before widespread implementation of cervicog-
raphy in routine screen-and-treat programs in LMICs.
Although we demonstrate the ability to take high-quality
images at the point of care, we found important challenges
in taking images meeting the laid-out criteria for adequacy,
including difficulty with adequate patient positioning be-
cause of lack of gynecologic examination beds, which af-
fected the ability to clearly capture all cervical quadrants
in an image. Additionally, variable lighting in the screen-
ing rooms, including variable availability or functionality of
a headlight, meant that several images had shadowing
or could not be adequately illuminated. Use of the
metal speculum also resulted in glaring within the images
in certain cases, which decreases visualization of the

squamocolumnar junction, which is crucial for evaluation of
possible dysplasia. In our study, a significant amount of
time was spent addressing these elements to obtain ade-
quate cervical images and may be a limitation in busy
clinics with few providers. For widespread implementation,
this highlights a potential need for embedded algorithms
within smartphones that can support front-line healthcare
workers in obtaining images adequate for evaluation for
precancer,25 as well as optimizing the screening environ-
ment (including lighting) to minimize the time needed to
obtain a images. In this study, images were stored in an
offline Box application within the smartphone and synced
daily to a secure web-based server using a wireless con-
nection. During the process of uploading images to the
server, several instances of lost images were encountered
because of variable connectivity. A truly feasible automated
visual algorithm may need to not rely on an active internet
connection to offer functionality in remote settings, while
maintaining adequate quality measures.

There are several limitations to our study. In evaluating
acceptability of cervicography in this population, a short,
nonvalidated survey was administered to the participants
following screening. It is possible that, despite use of well-
trained research assistants who attempted to normalize all
participant responses, some participants may have felt a
desire to answer in the affirmative, hence skewing our data
toward higher acceptability. Another limitation is the fact
that although 164 participants underwent cervicography,
we present analysis of images for only the first 94 partic-
ipants, thereby potentially skewing our results. This was
done in part because of restraints on expert reviewer’s time,
and we believe that given random entry into the study, these
first 94 participants are largely representative of the study
population. Because of improved experience with image-
taking over time, we anticipate that subsequent images
would be of the same or higher quality, hence consistent
with our findings of image quality and diagnostic utility.

In conclusion, we report significantly high acceptability of
image-based cervical cancer screening among HIV-
positive WLWH in an LMIC, the first such study in
Kenya, to our knowledge. We find that the majority of
cervical images taken by a nonphysician clinician during
routine cervical cancer screening in this high-risk pop-
ulation were of good quality and had diagnostic utility, as
judged by off-site expert colposcopists. However, we find
low sensitivity for diagnosis of CIN2+ from cervical images
by off-site colposcopists compared with histopathology,
which if used for triage would result in substantial loss of
sensitivity gained from HPV screening and lost opportunity
for treatment of high-grade precancer in a high-risk pop-
ulation. Our findings offer important lessons for ongoing
efforts to set the stage for adoption of automated artificial
intelligence algorithms that have the potential to bring
highly accurate screening to the point of care in LMICs
where the burden of cervical cancer is greatest.

TABLE 5. Acceptability of Digital Cervicography Among HPV-Positive WLWH
Undergoing Cervical Cancer Screening in Western Kenya
N = 164 No. (%)

Did you feel comfortable having an image of your cervix taken during
screening for cervical cancer?

Yes 163 (99.4)

No 1 (0.6)

Did seeing an image of your cervix during screening help to increase
your understanding more about the screening?a

Yes 159 (97.0)

No 2 (1.2)

Would you recommend cervical cancer screening using an image of
the cervix to a friend?

Yes 163 (99.4)

No 1 (0.6)

Abbreviations: HPV, human papillomavirus; WLWH, women living with HIV.
aData missing for three.
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