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Abstract

Objectives: The aim of this study was to evaluate the performance of visual inspection with acetic acid compared with Human
papillomavirus Deoxyribonucleic acid (HPV DNA) testing among women with HIV in Ethiopia.

Methods: A comparative cross-sectional study was conducted to address the aforementioned objective. Data were collected from
January to October 2021, to compare the performance of these two screening modalities. Trained clinicians collected cervical
specimens and immediately applied acetic acid for visual inspection. The HPV DNA testing was done using Abbott m2000rt/SP by
trained laboratory professionals in accredited laboratories. A total of 578 women with HIV aged 25-49 years were included.

Results: Test positivity was 8.9% using visual inspection with acetic acid (VIA) and 23.3% using HPV DNA test. The sensitivity
and specificity of the VIA test were 19.2% and 95.1%, respectively. The strength of agreement between the two screening
methods was poor (k = .184). The burden of genetic distribution of high risk HPV16 was 6.1%, and HPV18 was 1.1%. Other high
risk HPV types (ie non-HPV 16/18 high risk HPV genotypes) were predominant in this study (18.6%).

Conclusion: The higher positivity result using HPV DNA testing compared with VIA, and low sensitivity of VIA are indicating
that the implementation of HPV DNA testing as the primary screening strategy is likely to reduce cervical cancer cases and
deaths of women in the country.

Keywords
cervical cancer, screening, Human papillomavirus Deoxyribonucleic acid, visual inspection with acetic acid, Ethiopia

Received July 29, 2021. Accepted for publication April 12, 2022. Received revised June 13, 2022.

1Program of Tropical and Infectious Diseases, Aklilu Lemma Institute of Pathobiology, Addis Ababa University, Addis Ababa, Ethiopia; and staff and researcher at
the Ethiopian Public Health Institute, Addis Ababa, Ethiopia
2Program of Tropical and Infectious Diseases, Aklilu Lemma Institute of Pathobiology, Addis Ababa University, Addis Ababa, Ethiopia
3International Institute of Primary Health Care-Ethiopia
4School of public health, Addis Ababa University, Addis Ababa, Ethiopia

Corresponding Author:
Agajie Likie Bogale, Addis Ababa University (PhD student), and Ethiopian Public Health Institute (Researcher), P.O.Box:1176/1242, Addis Ababa, Ethiopia.
Email: aklilu.lemma@aau.edu.et, agalb.2000@yahoo.com, agajie.likie@aau.edu.et

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and

Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/10732748221114980
https://journals.sagepub.com/home/ccx
https://orcid.org/0000-0002-2794-8251
mailto:aklilu.lemma@aau.edu.et
mailto:agalb.2000@yahoo.com
mailto:agajie.likie@aau.edu.et
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


Introduction

Cervical cancer is a global health problem,1 showing over a
tenfold increase in developing countries than in developed
countries.2 According to GLOBOCAN, 2020, cervical cancer
is the second leading cause of women’s cancer next to breast
cancer in Ethiopia with 7445 new cases and 5338 deaths per
annum.3 An estimate of 33.7 million female population is at
the risk of cervical cancer with age older than 14 years.4

To avert the high morbidity and mortality of cervical
cancer, screening of women using different diagnostic mo-
dalities including human papillomavirus (HPV)5 DNA test is
among the important prevention strategies of the disease.
Visual inspection with acetic acid (VIA) and HPV detection
tests have been recommended to screen women for cervical
cancer in low and middle income countries (LMIC).6 How-
ever, previous studies reported poor sensitivity,7 low speci-
ficity, and low positive predictive values,8 of the VIA test. In
Tanzania however low sensitivity and high specificity of the
VIA test for the detection of high grade squamous intra-
epithelial lesion is reported,9 indicating some inconsistencies.
A limited number of studies that have addressed cervical
cancer screening using VIA in Ethiopia also reported low test
positivity that ranged from 4.7% to 22.1%.10-12

The visual inspection is made, after applying 3-5% acetic
acid to the uterine cervix. If an abnormal load of cellular
proteins is present in the cervical epithelium, the acetic acid
coagulates the proteins conferring an opaque and white aspect
of the concerned area.13

Recently, the Human papillomavirus Deoxyribonucleic
acid (HPV DNA) test is reported as having better accuracy
than other methods.14 However, it has been reported to have
low specificity compared with cytology.15 Those women who
were screened and positive for HPV were more likely to be
positive for VIA.16 The clinical performance for the detection
of disease in a screening population of age greater than or
equal to 30 years was reported with an encouraging sensitivity
and specificity of HPV DNA testing.17 Measurement of
sensitivity and specificity is important to understand the ability
of a test to correctly classify as positive and negative. In
addition, positive and negative predictive values are used to
estimate the likelihood of a client having a specific disease.

We applied sensitivity and specificity of the VIA as
compared to HPV DNA testing in this study. The expert panel
recommends screening cervical precancer using HPV test,
where the resources are available, affordable, implementable,
and sustainable over time.18 According to the WHO (2013)
expert panel, the reductions in cancer and related mortality
were greater with the HPV DNA test. The evidence from the
expert panel indicated that no study evaluating the diagnostic
accuracy of HPV test followed by VIA has been conducted,18

although, a recent evidence was reported from Kenya.7

Ethiopia has been working on cervical screening using VIA
for more than a decade and a new primary screening modality
(HPV DNA) initiated in 2021 to screen women with HIVas a

pilot. However, evaluation of the two screening methods and
selection of the best performing technique has the potential to
be used for mass screening, which is lacking in our setting.
Therefore, the aim of this study was to compare the perfor-
mance of the VIA with HPV DNA testing and indicate the
appropriate cervical screening test in Ethiopia.

Materials and Methods

Study Setting and Participants

We used a comparative cross-sectional study design and the
study participants were women with HIV in Ethiopia. Six
government hospitals in Addis Ababa, Ethiopia, namely,
Zewditu Memorial hospital, St. Paul hospital Millennium
Medical College, Alert hospital, Yekatit-12 hospital, Menelik
hospital, and St. Peter hospital were involved. These hospitals
were selected based on the high ART coverage and those that
initiated cervical cancer screening using VIA and HPVDNA
tests. A total of 578 women with HIV were consecutively
enrolled from January to October 2021 including eligible to
collect a cervical specimen, and apply acetic acid, and look for
the presence of acetowhite lesions. The main eligibility re-
quirements were women with HIV who visit the facility for
diagnosis and ART service, and interested to take cervical
cancer pre-screening service. In addition, those women with
HIV who were volunteering to participate in the study with
age of 25 years and older.

Data Collection Procedure and Laboratory Testing

All data were collected by trained clinicians. After counseling,
those who agreed and consented to participate in the study
were included. The serial number, facility code, medical re-
cord number, VIA, and HPV DNA test result with a remark
were all entered into a pre-created worksheet. The VIA test
was performed right after skilled clinicians collected cervical
specimens. Prior to data collection, women with HIV that
enrolled in the study were informed the procedural aspects of
specimen collection and VIA testing. After a client preparation
in a separate room, all the equipments were ensured, including
the light source. Examination table was arranged to enable the
woman to position herself and clinicians insert a speculum and
view the cervix. And then, cervical specimens were collected
using the Abbott Cervi-Collect Specimen Collection Kit
(4N73-06). After specimen collection for HPV testing, 5%
acetic acid was applied in the cervix and waited for 1 minute
for the acetic acid to be absorbed. The entire transformation
zone for any raised and thickened white plaques or acetowhite
lesions was checked. The VIA results were reported as
negative, positive, or suspicious for cancer. The VIA results
were submitted immediately into an open data kit (ODK
Collect v1.29.2), and captured in the worksheet prepared. The
woman was appointed for HPV test result for 2 weeks. For this
particular evaluation, the combined HPV/VIA test result was
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used to determine the treatment and to compare the VIA alone.
But, the system in the health facility was launched to use HPV
testing as primary screening and VIA as a triage.

In each package of the Abbott Cervi-Collect Specimen
Collection Kit for HPV testing, one Cervical Brush and one
Transport Tube with 2.4 mL Specimen Transport Buffer
(guanidine thiocyanate in a Tris buffer) to stabilize DNA till
sample preparation were included. Collected samples were
transferred to the testing lab. Qualified laboratory personnel
used, the Abbott m2000rt/SP, polymerase chain reaction
(PCR) technique to conduct laboratory testing. The principal
investigator and a technical expert from Abbott provided the
training. Aside from site-based supervision, phone calls were
made to testing facilities to discuss any issues that arose during
testing and to report results.

The molecular testing principles are as follows:
To amplify HPV targets, a primer mix of three forward

primers and two reverse primers targeting a conserved late
protein (L1 region) is utilized. Fluorescently labeled probes
are used to create a signal for high risk (HR) HPV geno-
types. Internal Control (IC) amplicons are produced using a
primer set that targets an endogenous human beta globin
sequence and identified using an IC specific probe. As a
sample validity control for cell adequacy, sample extrac-
tion, and amplification efficiency, the Abbott RealTime HR
HPV assay identifies the endogenous human beta globin
sequence. Different fluorophores are used to mark probes
for HPV 16, HPV 18, non-HPV 16/18 genotypes (Other HR
HPV), and IC, allowing their signals to be distinguished in a
single reaction.17

Quality Assurance

Well-trained professionals were assigned for data collection
and laboratory testing and close follow-up of data collection
and testing was made by the principal investigator. Missing
due to the invisibility of squamous columnar junction to apply
VIA was minimized which was not observed during the pre-
test. Additionally, improper labeling of specimen handling
tubes and confusion in the reporting of the result, mainly in the
reporting of ‘other high-risk HPV’ was timely resolved. The
laboratory testing was conducted in laboratories that were
accredited by the Ethiopian National Accreditation Office
(ENAO) (M0030). The external quality control in each run
was included to monitor the quality of the test parameter. The
internal quality control (IC) which is an endogenous human
beta globin sequence monitored the entire PCR process from
the extraction to amplification and detection steps. Meaning,
IC was used as a sample validity control for cell adequacy,
sample extraction, and amplification efficiency.

Statistical Analysis

Collected data were entered into an Excel spreadsheet and
exported to SPSS version 25, for analysis. The values for

negative results were coded as ‘0’ and the positive test result
was coded as ‘1’ for the categorical outcome measure, and
summarized in percentage. Sensitivity, specificity, and the
agreement between the two techniques were calculated.
Strength of agreement as measured using Kappa value is
interpreted as poor (<.2), fair (.2-.4), moderate (.4-.6), good
(.6-.8), and very good (.8-1.0).19 For all analyses, P < .05 was
an indicator of statistical significance.

Operational Definitions

Precancer or precancerous lesions of the cervix- refers changes
to the cervical cells in an area called the transformation zone.

HPV infection- refers a viral infection that causes cervical
precancer and if persist it causes cervical cancer.

Test positivity- refers the proportion of a positive test result
of the overall tested or screened women with HIV.

ART coverage- refers a number of women with HIV who
take service in the health facility.

Sensitivity- refers the ability of a test to correctly generate a
positive result (true positive).

Specificity- refers the ability of a test to correctly generate a
negative result (true negative).

Visual inspection with acetic acid- refers a naked-eye
examination of the uterine cervix after application of 5%
acetic acid and interpreting the result at 1 minute, and
used to detect precursors of cervical cancer by a
professional.

Results

Participant Characteristics

A total of 578 women with HIV participated in the study. The
mean age of the study participants was 38.9 (SD = 5.5) years
and their age ranged from 25-49 years. About one-third
(31.3%) started sexual intercourse when they were younger
than 18 years of age, and the median age at the first sexual
intercourse was 19.0 years. Close to half (49.8%) were
married, 42.5% had a high school level of education, 50.7%
had given birth to 2-4 infants with the gestational age of
24 weeks or more (Table 1).

Magnitude of Positive Test Results for visual inspection
with acetic acid and HPVDNA Testing

The test positivity of VIA was 8.9% (51/575), of which 7
(1.2%) were suspicious for cancer. Using PCR, the magnitude
of oncogenic HPV types was 23.3% (130/558). The majority
of positive test results were identified in the age group of
30 years and older (Table 2).

The burden of HPV16 was 6.1% (34/558), and HPV18 was
1.1% (6/558). The category of high risk HPV that include 12
HPV types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) of the
Abbott Multiplex real-time PCR technology was shown in
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18.6% (104/558) of women with HIV. About twenty (3.5%) of
the samples were not done due to reagent stockout.

The Performance of visual inspection with acetic acid
Versus Human papillomavirus Deoxyribonucleic acid
Testing for Cervical Screening

When compared with HPV DNA testing, the sensitivity of
VIA was 19.2% and the specificity was 95.1% (Table 3).
Although statistically significant (P < .001), the strength of

agreement between the two screening methods was poor
(k = .184).

Discussion

Simultaneous evaluation of HPV test and VIA is important for
adequate generation of evidence.18 We evaluated the perfor-
mance of visual inspection with acetic acid as compared to the
HPV DNA molecular technique among women with HIV in
Ethiopia.

Table 1. Demographic Characteristics of the Study Participants in Addis Ababa, Ethiopia, January to October, 2021.

Participants’ Characteristics Number Percent

Age (in years)
<30 26 4.5
≥30 552 95.5
Mean age (SD) 38.9 (5.5)

Age at the first intercourse (in years) (sexual debut)
<18 167 31.3
≥18 367 68.7
Median age 19.0

Marital status
Un-married 61 10.6
Married 288 49.8
Divorced 105 18.2
Widowed 118 20.4
Separated 5 0.9

Educational level
No formal education 56 9.7
Read and write 21 3.6
Elementary school 156 27.0
High school 245 42.5
College or university 99 17.2

Parity
Nulliparous (no birth) 114 19.8
Primiparous (give birth once) 161 28.0
Multiparous (given birth 2-4) 292 50.7
A grand multipara (given birth more than 4 infants) 9 1.6

Table 2. Proportion of Positive Test Results for visual inspection with acetic acid and HPVDNA Testing with Age Category AmongWomen
with HIV in Addis Ababa, Ethiopia, January to October, 2021.

Variable

Testing Methods and Results

visual inspection with acetic acid Positive HPV Positive

Number (Percent) Number (Percent)

Age group in years
<30 1(2.0) 14(10.8)
≥30 50(98.0) 116(89.2)
Total 51(100.0) 130(100.0)
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In this study, the test positivity of HR HPV using Abbott
real-time PCR technique was 23.3%. A study in Zambia
among women with HIV indicated that the test positivity of
HR HPV using the Xpert HPV technique was 47.0%,20 and a
study conducted in Burkina Faso and South Africa among
women with HIV indicated that 45.1% have a positive
careHPV test.21 Similarly, a study in Tanzania reported 36.4%
using CareHPV and 33.8% using hybrid capture-II (HC II)
technique.9 Our finding is lower than previously reported
findings in the African continent among similar study pop-
ulations. The observed difference might be attributed to the
difference in the number of the study participants involved in
the study, and age of the participants, the molecular technique
used, and the study setting. This means, various factors could
contribute to HPV infection, like HIV pandemic settings,
economic and sociocultural factors, parity, smoking and di-
etary factors in different settings.22-24 In addition, HPV in-
fection was higher among youth aged under 25 years,
probably,22-24 due to transient infection. The analytical sen-
sitivity, target gene amplified, primers and probes for a par-
ticular molecular technique might also cause the observed
difference in the reported proportions of the HPV test
positivity.25

A study conducted among the general female population in
Kenya revealed HR HPV test positivity of 33.0% using HC
II.7 A similar study in Latin America reported the prevalence
of HPV (15.4%-18.8%) using HC II.26 A multi-country study
in India, Nicaragua, and Uganda reported positivity rate of
cervical careHPV ranging from 2.9% to 20.2%.27 In China the
HPV positive rates using careHPVand HC II were 14.0% and
16.4%, respectively.28

All HPV infected women do not develop cervical neoplasia
and cervical cancer, since persistence of the infection mainly
occurred in the immunosuppressed individuals among other
contributing factors.22-24

In the current study, the VIA test positivity among women
with HIV was 8.9%, which was lower than the previous study
in Southern Ethiopia, 22.1%.12 Similar studies in Zambia and
Tanzania depicted that the VIA test positivity was 15.0%,20

and 10.6%,9 respectively.
Other studies conducted in Latin America, Asian and

African countries, among the general female population re-
ported that the VIA test positivity was 7.1%,6 9.7%,8 7.6%,16

6.6%-16.1%,26 5.5%-34.4%,27 6.0%,28 and 7.0%.7 Similar
studies conducted in Ethiopia among eligible women in the

general population also showed varied results. For instance, in
Butajira, test positivity of VIA was low (4.7%),10 and in
Jimma, VIA positive result was 12.9%.11

The VIA positivity was higher among HIV positive women
(12.9%) compared with HIV negatives (3.4%).29

The attributed difference observed in general was due to the
difference in the number of the study participants, the study
setting, age of the study participants included in the study, and
also, the subjectivity of the VIA test results interpretation.
Meaning, VIA results were highly variable,30 through vari-
ations of acetowhite areas,13 and interobserver variability.31

A study revealed that the sensitivity of VIA ranged from
21.9% to 73.6%, while the specificity is 84.2%.27 The low
sensitivity (31.1%) and high specificity (94.6%) of the VIA
test reported by a Tanzanian study,9 was in agreement with our
finding. The low sensitivity of VIA indicated that the test is not
suitable for mass-screening program,28 which is in agreement
with our finding of low sensitive VIA result compared with the
HPV DNA test. A population based study from Nigeria re-
ported that the VIA test is insensitive compared with cytology
and HPV test.32 The highest test sensitivity and a lower
number of visits observed using HPV testing show cost-
effectiveness and reduce the lifetime cancer risk by 29.5%
than other testing modalities including Pap cytology,33 al-
though, it requires the high upfront cost of equipment and
supplies.34 The reported strategy,33,34 is in agreement with our
finding indicating the higher test positivity of HPV DNA
compared to VIA.

The higher positivity of our HPV DNA test compared to
VIA suggests that theMinistry of Health and other stakeholders
in Ethiopia could consider applying the HPV DNA testing as
the primary screening strategy. The test was conducted in a
batch of 96 tests in one run, which is important to address
screening to a larger population. However, the time to receive
the result takes a few days/weeks as observed in the facilities.

The narrative report indicated that few clients who had
cervicitis during the time of data collection were treated with
antibiotics, and re-appointed for re-screening. Three clients had
VIA negative plus polypectomy, and one client had VIA pos-
itive plus polypectomy. Three other participants who practiced
multiple sexual partnerships were negative for both VIA and
HPV DNA testing, suggesting adequate awareness about the
prevention methods of sexually transmitted infections.

The limitation of this study was that no further colposcopy
triage was applied, which is better than VIA triage as indicated

Table 3. Performance Indices of visual inspection with acetic acid as Compared to Human papillomavirus Deoxyribonucleic acid Testing for
Cervical Screening Among Women with HIV in Addis Ababa, Ethiopia, January to October, 2021.

HPVDNA Result

visual inspection with
acetic acid result

Positive Negative Total

Positive 25(19.2%) 21(4.9%) 46(8.3%)
Negative 105(80.8%) 405(95.1%) 510(91.7%)

Total 130(100%) 426(100%) 556(100%)
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byWHO experts’ recommendation,18 and cytological findings
used as the reference standard for the evaluation of the per-
formance of available diagnostic modalities. In addition,
confirmation of the HPV result with actual cervical lesion or
graded CIN was not done.

Conclusion

Our finding had shown low sensitivity of VIA as a cervical
screening method. The test positivity of VIA is low compared
with HPV DNA, and there was poor agreement between the
VIA and HPV DNA tests. Thus, the implementation of HPV
DNA testing as the primary screening strategy is likely to
reduce cervical cancer cases and deaths of women in Ethiopia
and to meet the 2030 elimination program launched by WHO.
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