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Abstract Introduction Screening with PAPs smear for screening of cervical cancer has been the
gold standard for many years in high-income countries but has still not been successful
in low- and middle-income country like India due to unavailability at public ground
level. Thus, a simple, effective, and low-cost alternative to cervical cytology for cervical
cancer prevention is urgently needed for high-risk, low-resource settings.
Objectives The aim was to compare the efficacy of visual inspection with acetic acid
(VIA) and visual inspection with Lugol’s iodine (VILI) with the PAP smear for screening
precursor intraepithelial lesions and early signs of cervical cancer, and to evaluate their
potential as alternative screening methods to the PAP smear in a semiurban population
in Delhi.
Material and Method A total of 127 married, nonpregnant patients between 18 and
65 years were randomly selected from gynecology outpatient department. Then, PAP
smear samples were taken from all patients followed by VIA and VILI. Biopsies were
then taken from those who showed positive findings in either of the screening
methods. Out of these, 50 PAP and VIA-negative women were included as a control
group. The diagnostic accuracy of VIA and VILI was compared with PAP smear, for
diagnosis of precancerous lesions.
Results VIA and VILI results were positive in 22 patients out of 127 (17.3%). PAP
cytology report showed epithelial cell abnormality in 13 cases (10.2%) with atypical
squamous cells of undetermined significance in 1 case, atypical glandular cells of
undetermined significance in 4 cases, low-grade squamous intraepithelial lesion in 3
cases, and high-grade squamous intraepithelial lesions in 5 cases. PAP smear had
showed better specificity (90.79%) and less sensitivity (85.71%) as compared with VIA
and VILI method. Sensitivity of VIA was 100% and specificity was 80.26%. Similar
parameters were seen with the VILI method also. The overall p-value for all the
parameters of either screening method was>0.05; hence, both methods are compa-
rable for screening.
Conclusion VIA and VILI can be employed as initial screening tools in place of PAP
smear, particularly in countries with limited resources or developing regions.
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Introduction

Carcinoma cervix is the fourth most common cancer among
women worldwide, while in low- and middle-income coun-
tries (LMICs) it ranks second in gynecological cancers, with
approximately 660,000 new cases and 350,000 deaths glob-
ally in 2022.1GLOBOCANalso estimated an age-standardized
incidence rate of 18 per 100,000 women and a cumulative
risk of 2.01%.2 The cervical cancer occurs as a result of long-
term persisting infection with high-risk human papilloma-
virus (HPV), which is accountable for 90 to 100% of cervical
cancer cases. Out of which high-risk type 16 and 18 are the
two most common, and constitute for about 70% of carcino-
ma cervix cases.3

High-risk behaviors are poor genital hygiene, early age at
marriage, early age at first sexual intercourse, multiple
partners, repeated pregnancies, long-term contraceptive
use particularly oral contraceptives, smoking, and multi-
parity, which increase the risk of acquiring HPV in women.4

Though deadliest, yet it is one cancer which is preventable if
an effective treatment is given at an earliest stage, which is
easily detectable by routine screening. There are approxi-
mately 272.8 million women eligible for screening in India.5

Numerous efforts are in progress for the prevention of
cervical cancer by both the government and nonprofit orga-
nizations since long but are yet to make any meaningful
impact. The screening methods employed by most advanced
countries include PAP smear, HPV deoxyribonucleic acid
testing, visual inspection with acetic acid (VIA), or a combi-
nation of all these. The United States and other high-income
countries have reported a reduction in number of new cases
of carcinoma cervix by routine screening with PAP smear in
sexually active women.6 The implementation of PAP smears
in low resource settings like India is limited due to inade-
quate health care infrastructure, restricted health budgets,
and a shortage of laboratories and specialized personnel
needed for slide preparation and diagnosis. Repeat PAPs
smear is needed once every 3 years due to its lower sensitiv-
ity. Technical and financial limitations in organizing cytology
screenings have prompted the evaluation of visual inspec-
tion methods as viable alternatives.

HPV testing is also recommended as an alternative for
screening, but it is associated with high costs. Thus, visual
inspection methods like VIA and visual inspection with
Lugol’s iodine (VILI) are the low-cost screening tools that
have been proposed as alternatives to PAP smear-based
programs, with VIA being the most commonly employed
and researched. VIA is simple, cost-effective, and easily
scalable for large populations. It requires no laboratory
support and can be reliably performed by trained paramedi-
cal staff, nurses, and doctors. However, the gold standard for
diagnosis of cervical dysplasia is colposcopy-guided biopsy
but it is more time-consuming and requires handling by a
specialist with good experience.7 Thus, in this study, it is
hypothesized that visual inspection methods have similar
screening efficacy as compared with PAPs, and hence they
can replace PAPs for mass screening. They have the potential
to be utilized as an alternate first screening method and be a

pragmatic and effective public health approach for cervical
cancer prevention.

Materials and Methods

Study Design
This is a cross-sectional study, carried out at the Department
of Obstetrics andGynecology, KasturbaHospital, Delhi, India,
after due clearance from the institutional ethical committee.

Sample Size
A total of 127 patients were selected from the gynecology
outpatient department (OPD) and enrolled for the studyafter
informed consent. The sample size was calculated as per the
study by Das et al,8 using the formula:

The minimum sample size was around 102.67, nearly
¼103, taking Zα at a confidence level of 95% as 1.96. L as
margin of error¼5%. P is the prevalence of preinvasive lesion
of cervical cancer being 7.2%.9

Inclusion Criterion
Only married, nonpregnant women between the age group
of 18 and 65 years were included.

Exclusion Criterion
Unmarried women, women with confirmed or suspected
pregnancy, those having active bleeding per vaginal, previ-
ously diagnosed and treated cases of cervical intraepithelial
lesion or carcinoma cervix, posthysterectomy patients, and
femaleswithmajor degree of uterine prolapsewere excluded
from the present study.

Ethics
The institutional ethics committee approved the study,
number: D /880/KH/2022 dated August 30, 2022. All partic-
ipants were explained about the purpose of the study in
detail. Consent was taken for participation and all the
procedures. Their participation in the study was completely
voluntarywith the option towithdrawanytimeduring study.
The procedures followedwere in accordancewith the ethical
standards of the responsible committee on human experi-
mentation (institutional) and with the Helsinki Declaration
of 1964, as revised in 2000.

Most women in this hospital-based study are from semi-
urban areas of Delhi, presenting to the gynecological OPDwith
various complaints such as vaginal discharge, abnormal bleed-
ing, and other related issues. A detailed pro forma was filled
including their socioeconomic status and other demographic
details, followed by proper clinical examination. PAP smear
sampleswere taken fromall patients followed by VIA andVILI.

VIA was performed by applying 3 to 5% acetic acid on to
the ectocervix, findings were observed after a gap of
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60 seconds. The test results were reported as VIA positive if
clearly demarcated, opaque/dense acetowhite lesions with
well-defined or raisedmargins, in the transformation zone or
close to the squamocolumnar junction (SCJ), were present.
The time taken to appear and disappear was also noted. The
location of lesion and area as demarcated by quadrant
involvement were also noted. The patients who did not
take up white color on acetic acid or showed faint acetow-
hitening, which disappeared in less than 60 seconds (early to
appear, early to disappear), were classified as VIA negative.

VILI was done by Lugol’s iodine application to the ecto-
cervix and it was visualized within 30 seconds. The test
results were reported as VILI positive if there was presence
of bright canary yellow/mustard yellow/saffron yellow areas,
without any iodine uptake seen in the transformation zone
close to or abutting the SCJ, or when the entire ectocervix
seems yellow.

A total 50 VIA/VILI and PAPs negative cases were taken as
controls from this group. PAPs smear was reported using the
BethesdaSystem2014.10Biopsywas taken in thosewhoshowed
positivefindings in either of the screeningmethod, and random
four-quadrant biopsy was taken from these 50 controls.

Patients were followed up in the OPD for 2 weeks. Further
management was done as per the diagnosis established and
hospital management protocol. The study outcomes were
measured as per the following:

Primary outcome: Diagnostic accuracy of VIA and VILI for
screening of preinvasive and earlymanifestations of carcino-
ma cervix.

Secondary outcome: Comparison of diagnostic accuracy
including sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of VIA and VILI
with PAPs smear for the detection of intraepithelial lesions,
preinvasive, and early manifestations of carcinoma cervix.

Statistical Analysis
The collected data was entered in Microsoft Excel and
statistically evaluated using Statistical Package for Social
Sciences (SPSS) version 25.0. Sensitivity, specificity, PPV,
and NPV of each screening test were calculated. Chi-square

test was performed and a p-value of less than 0.05 was
considered statistically significant.

Results

Majority of the study participants belonged to the age group
of 30 to 39 years (40.2%) and lower middle-class category
from semiurban areas of Delhi. Note that 50.4% of women in
our study group had>2 children. Themean age at coitus was
20.11�3.65 years.Majorityof patients presentedwith pelvic
inflammatory symptom (88.9%), and only 8 patients had
postcoital bleeding.

Ninety-six patients (75.6%) had negative PAP smear report
for intraepithelial lesion or malignancy. Thirteen out of 127
women showed epithelial cell abnormality on PAPs (10.2%),
with atypical squamous cells of undetermined significance
(ASCUS) in 1 case, atypical glandular cells of undetermined
significance (AGUS) in 4 cases, low-grade squamous intra-
epithelial lesion (LSIL) in 3 cases, and high-grade squamous
intraepithelial lesions (HSIL) in 5 cases. All patients with
AGUS on PAP report were further evaluated by endocervical
curettage and endometrial aspiration biopsy, which came
out to be negative in all four cases. These patients were
advised for regular follow-up.

Twenty-two women were positive for both VIA and VILI
(17.3%). The positive results on VIA and VILI were same in the
study participants. Comparing VIA and VILI with PAP, of 105
VIA-negative cases, PAP detected 1 LSIL, 1 ASCUS, and 4 AGUS
(►Table 1) (►Fig. 1).

Cervical biopsies were performed on 78 patients: 28 with
positive screening results (either PAP positive or positive on
both VIA and VILI) and 50 controls. Histopathology from
cervical biopsy was used as the confirmatory test, serving as
the gold standard for evaluating the diagnostic efficacy of
PAP, VIA, and VILI in detecting preinvasive cervical lesions.

For these 78 patients, sensitivity, specificity, PPV, andNPV
were calculated for each diagnostic method (PAP, VIA, and
VILI) by constructing 2�2 tables. Groups of subjects were
organized according to test results from each method, and
outcomeswere compared against the histopathology results.

Table 1 Comparison of PAPs and VIA/VILI reports

PAPs VIA/VILI

Negative Positive Total

Negative (NILM) 84 12 96

Inflammatory 15 3 18

AGUS 4 0 4

ASCUS 1 0 1

LSIL 1 2 3

HSIL 0 5 5

Total 105 22 127

Abbreviations: AGUS, atypical glandular cells of undetermined significance; ASCUS, atypical squamous cells of undetermined significance; HSIL,
high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM, negative for intraepithelial lesion or malignancy;
VIA, visual inspection with acetic acid; VILI, visual inspection with Lugol’s iodine.
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The chi-square test was used to assess diagnostic accuracy,
with statistical significance set at a p-value<0.05.

The data shows that the PAP smear has better specificity
(90.79%) as compared with that of VIA (80.26%) and VILI
(80.26%), which means PAP has better ability to designate a
patient without disease as negative.

Whereas the sensitivity of VIA (100%) and VILI (100%) is
much better than that of PAP smear reports (85.71%), that is,
they have better ability to designate an individual with
disease as positive.

The PPV of PAPs is better (46.15%) than the PPV of VIA
(31.82%) and VILI (31.82%), whereas the NPV is better with
VIA (100%) and VILI (100%) than that of PAP smear (98.57%).

But the overall p-value of comparisons of diagnostic
accuracy of all the three methods, that is, PAPs, VIA, and
VILI is>0.05; hence, the difference is not statistically
significant.

Abnormal histopathology was found in seven cases (cer-
vical intraepithelial neoplasia [CIN] grade 1 in two cases and
squamous cell carcinoma in five cases), all of which VIA/VILI
detected, yielding a 100% NPV. Of 13 PAP-positive cases, only
6 showed abnormal biopsy results. PAP smear showed better
specificity (90.79%) but lower sensitivity (85.71%) compared
with VIA/VILI, which had 80.26% specificity and 100% sensi-
tivity. The PPV/NPV for PAP were 46.15%/98.57%, and for
VIA/VILI, 31.82%/100% (►Tables 2–4).

After the calculation of p-value for each of the parameter
of each screening method, it has been observed that the p-
value of every parameter is>0.05, hence the differences
between diagnostic efficacyof VIA or VILImethodswith PAPs

method are seen statistically insignificant. Therefore, both
screening methodologies are to be considered comparable.

Discussion

Carcinoma cervix is the second most common gynecological
cancer in Indian women and is considered preventable. The
WorldHealthOrganization (WHO) recommends VIA and VILI
for the detection of precursor cervical cancer lesions in low
resource countries as per screen and treat approach.10,11

These tests are considered affordable, acceptable, and
particularly befitting for the screening in developing nations.
The results of this test are readily available, thus permitting
the same-day screening and treatment strategy.12,13

Table 2 Comparison of VIA/VILI with biopsy (n¼ 78)

Biopsy VIA/VILI findings

Negative Positive Total

Negative for CIN/malignancy 44 7 51

Infections 10 7 17

Squamous hyperplasia 2 1 3

CIN 1 0 2 2

SCC 0 5 5

Total 56 22 78

Abbreviations: CIN, cervical intraepithelial neoplasia; SCC, squamous
cell carcinoma; VIA, visual inspection with acetic acid; VILI, visual
inspection with Lugol’s iodine.

Fig. 1 Visual inspection with acetic acid/visual inspection with Lugol’s iodine (VIA/VILI) appearance.
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This study was conducted to compare the diagnostic
efficacy of PAPs smear and visual inspection methods. The
PAP smear and visual inspectionmethods were performed in
the same set of patients to compare their results and to
evaluate their potential as alternative screening methods to
the PAP smear in a semiurban population in Delhi.

It was observed that there were only 18.8% patients who
belonged to the age group of>45 years but showed maxi-
mum positivity on PAP smear (29.16%), visual inspection
methods (25%), and histopathology report (16.66%), corrob-
orating with the studies done by Bhattacharyya et l14 and
Ami et al15 who showed maximum positive cases in the age
group of>40 years.

About 17.3% of our screened population showed positive
results with VIA and VILI method, which was very much
similar with the study done by Das et al8 who reported 14%
VIA positive results and 14% VILI positive results in 200
women. Similarly, the study done by Bhattacharyya et al14

showed VIA result positivity in 17.3% population but VILI
positivity in only 8.6%.

VIA and VILI are cost-effective methods with no extra
equipment or laboratory backup requirement. The training
and skill for VIA and VILI can be easily imparted to paramed-
ical workers and nurses and hence can be used at a very large
scale reaching the remote areas also. They also have the
advantage of immediate availability of results, especially if
the results are negative; however, a biopsy needs to be
performed by a gynecologist if the result is positive.
Fokom-Domgue et al16 also indicated similar results in his
meta-analysis for primary screening of cervical cancer in

sub-Saharan Africa. VILI was reported to be the most precise
substitute to cytology.

There were 13 patients (10.8%) with epithelial cell abnor-
mality on PAP smear in the present study, whereas 14.2%
patients had inflammatory report and 96 cases (75.6%)
showed no detectablefindings. Similar results were reported
by Sinha et al17where 60.00% showednomajor lesions, 31.5%
had inflammatory reports, and 8.5% patients showed LSIL or
HSIL. Another study by Consul et al18 reported 72.3% normal
smears, 11.00% with inflammatory smears, and 16.27% with
positive PAPs smear.

Diagnostic efficacy of PAPs smear was comparable with
the one calculated by Consul et al18 and Bhattacharyya et al14

as evidenced in a study by Shastri et al.19 PAPs smear
demonstrates moderate sensitivity of 57.4%, while boasting
a high specificity of 98.6% in detecting HSIL. Satyanarayana
et al20 observed that the detection rate for CIN I and II by
visual inspection methods was more than the PAPs, whereas
the detection rate for CIN III was 100% by PAPs smear
cytology method. However, sensitivity of PAPs smear
(87.5%) for CIN IIIþ detectionwas higher than the sensitivity
of VIA (50.00%).

However, effective PAP smear screening requires signifi-
cant infrastructure, including well-trained cytotechnicians,
reliable laboratory resources, maintained equipment, logis-
tical arrangements for transport to dependable labs, stream-
lined communication systems for delivering results, and
efficient referral systems for follow-up diagnosis and treat-
ment. Patients often perceive PAP smear as unnecessary and
fail to return for follow-up visits to collect cytology reports,

Table 3 Comparison of PAP smear with biopsy (n¼78)

Biopsy PAP smear

PAP –ve PAP inflammatory PAP þve Total

Negative 40 7 4 51

Infections 8 6 3 17

Squamous hyperplasia 3 0 0 3

CIN 1 1 0 1 2

SCC 0 0 5 5

Total 52 13 13 78

Abbreviations: CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.

Table 4 Comparison of diagnostic accuracy of screening procedures

VIA VILI PAP smear –p-Value

VIA vs. VILI VIA vs. PAP VILI vs. PAP

Sensitivity 100% 100% 85.71% – 1 1

Specificity 80.26% 80.26% 90.79% – 0.06 0.06

Positive predictive value 31.82% 31.82% 46.15% – 0.14 0.14

Negative predictive value 100% 100% 98.57% – 0.98 0.98

Accuracy 81.93% 81.93% 90.36% – 0.11 0.11

Abbreviations: VIA, visual inspection with acetic acid; VILI, visual inspection with Lugol’s iodine.
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leading to frequent loss to follow-up. Moreover, the financial
burden of cytology charges poses a challenge for many. As
reported by Juneja et al,21 estimates suggest that despite
significant efforts to expand cytology services in India,
screening even a quarter of the population once in a lifetime
may remain unattainable.

The diagnostic efficacy calculated in our study of VIA and
VILIwereverymuchsimilar to thestudies donebyBlumenthal
et al,8 Sankaranarayanan et al,22 andBhattacharyya et al.14But
certain limitations had been recognized in visual inspection
method by different studies. According to a study by Carol
et al,23womenwith cervicitis or inflamedcervixwere found to
be twice as likely to test positive by VIA compared with those
withoutany infection (odds ratio:2.0, 95%confidence interval:
1.0–3.7). These findings suggest that the cervicitis could be a
cause of false positive result by VIA. Also, Ngoma et al24

showed that VIA positivity is highest immediately after train-
ing and retraining, thus indicating that the sensitivity of VIA is
dependent on training and skills of the practitioner.

Therefore, the limitation of this procedure is the high
number of false-positive cases and lower specificity. Howev-
er, VIA and VILI can serve as a substitute to PAP smear
cytology in a country like India, where resources are limited.
There are insufficient cytologists, proper infrastructure, or
labs, and where mass screening for early detection of pre-
cursor lesions of cervical carcinoma is needed for a large
population.While theWHO recommends incorporating HPV
testing into screening protocols, its limited availability and
high cost in LMICs underscore the need for an affordable and
accessible alternative screening method that can be imple-
mented at the peripheral level to reach a wider population.

The introduction of noncytological-based screening meth-
ods can bring a paradigm shift in cervical cancer screening.

This study also aimed to raise awareness about the risk
factors for cervical carcinoma, promote preventive health-
seeking behavior, educate about the signs and symptoms of
cervical carcinoma, screen for early precursor lesions, and
motivate individuals for regular screening until the age of 65.
It targets the disease through primary prevention before its
onset and employs secondary prevention through effective
screening and treatment.

Limitations
Our research indicates that VIA and VILI tests exhibit suffi-
cient accuracy for cervical cancer screening in India, given
proper training and quality assurance measures. However,
the high accuracy measures obtained for these tests may be
misleading, considering the hospital-based study on small
number of subjects and the limitations of the gold standard
like colposcopy. Additional large-scale population-based
studies are required to evaluate the impact of screening
strategies employing these tests on the incidence and mor-
tality rates of cervical cancer in the region.

Conclusion

There has been a rise in cervical carcinoma cases, emphasizing
the need for widespread screening, especially in resource-

limited countries. Visual inspectionmethods like VIA and VILI
are gaining attention in developing regions like India. Our
research shows that VIA and VILI have comparable sensitivity
(100% vs. 85.71%) and specificity (80.26% vs. 90.79%) to PAP
smears (p-value>0.05), making them a viable alternative.
Despite a higher false-positive rate (PPV 31.82% vs. 46.15%)
and lower specificity, their simplicity, low infrastructure
demands, and suitability for paramedical staff offer a cost-
effective “screen-and-treat” approachwith immediate results,
reducing follow-up issues. VIA andVILI also aid indetermining
biopsy sites in areas without colposcopy services.

Noncytological screening methods could shift the ap-
proach to detecting cervical cancer precursors, raising
awareness, and preparing the ground for HPV-based screen-
ing and vaccination programs. Our study highlights the
benefits of using visual inspection-based screening, espe-
cially in low-resource and rural settings.

Recommendations
The advantages of affordability, straightforward imple-
mentation, and a point-of-care diagnosis and treatment
protocol should serve as compelling reasons for develop-
ing countries like India to adopt visual inspection as a
screening method for cervical cancer.
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