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Abstract

Background: Cervical cancer ranks fourth among the
most commonly diagnosed cancers as well as the fourth
leading cause of cancer mortality in women globally. The
major risk factor for cervical cancer is persistent
infection with high risk (HR) human papilloma virus
(HPV) and 83.2% of invasive cervical cancers are
attributed to HPVs 16 or 18 In 2018, World Health
Organization has called for a global action towards
elimination of cervical cancer (a threshold of 4 per
100,000 women-year) and set 90-70-90 targets to be
achieved by 20302 The challenges and difficulties in
implementing cytology screening in Low resource
countries have stimulated the search for alternative
methods of screening such as HPV Testing, visual
inspection with acetic acid (VIA) or with Lugol's iodine -
which provide result in less than 5 minutes, eliminate

loss to follow up and give treatment in the same visit.

Methods: A hospital based cross sectional study was
conducted in the Gynecology OPD of PBM Hospital,
Bikaner. 118 women aged 19-60 years presenting with
complaints  such as intermenstrual  bleeding,
postmenopausal bleeding, increased or foul-smelling
vaginal discharge etc were included. A questionnaire was
administered containing general information, clinical
findings at pelvic evaluation. They then underwent
Visual Testing with Acetic Acid (VIA), HPV testing and
histo-pathology. Appropriate statistical tests were used to
compare the outcome between the sub-groups.

On comparing VIA with HPV-DNA the
sensitivity was 62.5%, specificity was 83.64%, PPV was
21.7% and NPV was 96.8%. The p-value was 0.001. VIA

identified over half of HPV-DNA positive women and

Results:

was highly reliable in ruling out HPV infection.
Compared with Histopathology, its sensitivity was 100%,
specificity was 82.61%, PPV was 13% and NPV was
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100%. The p-value was <0.001. VIA detected all biopsy-
confirmed disease cases, making it an excellent rule-out
tool, despite many false positives.

Conclusions: VIA testing reliably rules out HPV
infection, reflecting its utility as a screening test in early
detection of high-risk cases in low and middle income
countries.

Keywords: Cervix, Cervical Cancer Screening, VIA
Testing, HPV DNA Testing.

Introduction

Cervical cancer ranks fourth among the most commonly
diagnosed cancers as well as the fourth leading cause of
cancer mortality in women globally®. Infection with HPV
remains the major risk factor. Besides HPV, other factors
include early age at first intercourse, multiple sexual
partners, smoking, HIV infection, and lack of access to
screening and vaccination programs.

In developing countries like India, down staging is
employed. It is defined as a process of screening for
cancer using clinical approaches for early detection. This
is distinct from screening test and results in detection of
the disease at a less advanced stage in the absence of
screening. Paramedical staff is trained for minimum
period to identify any abnormality including suspicious
cervix and refer the cases early to centres where facilities
exist for treatment of premalignant and malignant
lesions, including educating the women regarding risk
factors, symptoms of the disease and prophylaxis. A 25%
reduction in cervical cancer incidence and a 35%
reduction in cervical cancer mortality were found
following a single round of VIA screening provided by
trained nurses in a randomized trial in India*. The
greatest reduction in incidence and mortality rates were
observed for the 30- to 39-year age group which is
explained by the fact that the transformation zone, where

cervical neoplasia occurs, is fully exposed on the
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ectocervix in young women, enabling VIA to detect the
abnormalities®.

HPVs are small, non-enveloped viruses with an 8-kb
circular double-stranded DNA contained in a 55 nm
icosahedral capsid. The viral genome holds the long
control region (LCR) that regulates genome replication
and transcription of the early (E1-E7) and the late-
expressed genes L1 and L2% Synthesized E1 and E2
interact with the origin of replication site in the LCR. As
the epithelium differentiates, the expression of the early
viral genes, including E5 and E4, augments in the middle
and upper layers, and genome amplification increases’.
E6 can stimulate the transcriptional factor OCT-4
expression, which binds to the p53 promoter recruiting
the NCORL1 co-repressor®. The E7 oncoprotein promotes
cell cycle progression by sequestering and degrading the
tumor suppressor protein pRB via polyubiquitination by
cullin 2 (CUL2) (52) °%°

External cofactors are also crucial for HPV-induced
carcinogenesis, as is the case of the microbiome.
Alterations in the cervicovaginal microbiome occur
during the progression of HPV-associated lesions to CC,
where an increase in resident bacteria diversity occurs
along with a reduction of the resident Lactobacillus spp.
Dysbiosis in the cervical microbiome influences viral
persistence and is a carcinogenic co-factor''2,

Hence cost-effective strategies are needed for screening
and early diagnosis. The challenges and difficulties in
implementing cytology screening in Low resource
countries have stimulated the search for alternative
methods of screening such as HPV Testing, visual
inspection with acetic acid (VIA) or with Lugol's iodine -
which provide result in less than 5 minutes, eliminate
loss to follow up and give treatment in the same visit

(13141 We therefore conducted this study to evaluate the

v

efficacy of visual inspection using acetic acid (VIA), o)
(4]
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HPV testing and PAP Smear by comparing the
sensitivity, specificity, positive predictive value and
negative predictive value.

Materials and Methods

A hospital based prospective study was conducted in the
Gynecology OPD of PBM Hospital, Bikaner from June
2024 to May 2025. A sample size of 118 females was
taken at 95% confidence level and 5% absolute error. We
included non-pregnant women aged 19-60 years, willing
to participate, presenting with complaints such as
intermenstrual  bleeding, postmenopausal bleeding,
increased or foul-smelling vaginal discharge; persistent
pain in the back/legs/pelvis; weight loss etc.

Our main objective was to study the efficacy of VIA
testing and HPV testing by comparing the sensitivity,
specificity, positive predictive value and negative
predictive value. Based on the eligibility criteria, the
participants were screened and selected from the OPD
after a written and informed consent. Selected
participants were interviewed using a semi-structured
guestionnaire with general information on each woman,
clinical findings at pelvic evaluation, results of the VIA
Testing and HPV testing.
Patients were placed in lithotomy position. The
procedure was carried out with the assistance of a trained
nurse. A speculum examination was then started using a
Sim's speculum/ Cusco's self-retaining speculum, without
any lubricant, with a direct visual evaluation of the cervix
with the aid of a halogen focus lamp, to identify
cervicitis, leukorrhea, polyps, ulcers, etc. After collection
of cervical cells, all the women then underwent visual
inspection with acetic acid. The vagina and cervix were
cleaned with Normal Saline. 5% acetic acid was prepared
by adding 5 ml of glacial acetic acid into 95 ml of
distilled water and mixing thoroughly. As the dysplastic

cells have more chromatin content, the coagulation is
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intense and cells turn white after application of acetic
acid. HPV DNA Testing was done using a vaginal and a
cervical sample. Sample was collected using disposable
swab and then inserted in the liquid media provided and
stored at -20 degree Celsius till processing. We used Hi-
PCR® Human Papilloma Virus Genotyping*618

multiplex probe PCR Kit for HPV DNA detection.

All VIA positive cases and HPV DNA positive were
followed by cervical biopsy for confirmation. The data
was entered and analysed systematically. Appropriate
statistical tests were used to compare the outcome
between two sub-groups, considering cervical biopsy as
the gold std. Quality assurance was ensured.

Results & Discussion

The present prospective study was conducted among 118
women presenting with high risk factors for development
of cervical cancer at the Out Patient Department of
Obstetrics and Gynecology in PBM Hospital, Bikaner.
As per the inclusion criteria, the participants were
evaluated based on their clinical profile, risk factors. The
diagnostic performance of different cervical cancer
screening tools - VIA and HPV DNA were compared
using histopathology as the reference standard. The
analysis covered demographic, reproductive, clinical, and
diagnostic variables.

The participants were aged from 19 to 60 years, with a
mean age of 37.09 years and a standard deviation of
10.63 years. The largest proportion (35%) of cases
belonged to the 30-39-year age group. Overall, 99% of
the cases were below 50 years, indicating that the
condition predominantly affected women in their

reproductive and peri-menopausal years. This
distribution indicates that a substantial proportion of
cervical abnormalities and potential early lesions are

being detected in younger women, particularly in the 30—

39 age group, which accounts for more than one-third of L(?])
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the sample. This trend aligns with regional
epidemiological studies from across India. H. Kumar
(2025)*° found that in a tertiary hospital in Southern
India, 41% of patients were in the 30—49 years age group,
reinforcing the early age at presentation. The study
attributed early onset to early marriage, early sexual
debut, and high parity in rural populations. Ray et al.
(2025)* conducted a molecular epidemiology study in
North-East India and reported high HPV prevalence in
the 31-45-year group, which correlates with the observed
high incidence of cervical cancer precursors in that
demographic. The Lancet Southeast Asia projections
(2025)Y" observed that India’s cervical cancer incidence
is shifting slightly to younger age brackets due to
demographic changes and better awareness in urban
regions, though rural and peri-urban areas still show late-
stage presentation in older women.

Parity analysis showed that the majority of women were
rationale included

multiparous. The physiological

prolonged exposure of the cervical epithelium to
hormonal fluctuations and repeated cervical dilation
during childbirth. According to ICMR-NCDIR (2021)
data, multiparity (>3 children) was found in over 60% of
cervical cancer patients in rural and semi-urban areas of
India, suggesting sociocultural factors like early marriage

and preference for larger families play a role. A variety

Table 1: Comparison of VIA results with HPV DNA status

of symptoms were reported, often in combination. The
most prevalent complaint was white vaginal discharge,
reported by 86.44% of women, followed by lower
pain (79.66%), and backache (71.19%).
Bahadur et al. (2024)® found white discharge (81%),
abdominal pain (69%), and backache (59%) as top

in patients undergoing cervical

abdominal

symptoms cancer
screening. Kumar et al. (2022)!° noted that contact
bleeding and postmenopausal bleeding, though less
common, were highly predictive of cervical lesions.
Sharma et al. (2020)® reported that dyspareunia and
dysuria were common in women with chronic cervicitis
and early neoplastic changes, especially among rural
women with poor hygiene. Persistent or combined
symptoms, especially in women over 30, should prompt
cytology, HPV testing, or biopsy, even in the absence of
visible lesions. This pattern is consistent with other
Indian studies and supports the need for early evaluation
in resource-limited settings where routine screening may
be lacking.

VIA Screening was found to be positive in 23 women
(19.49%) and negative in 95 (80.5%). Out of 118
patients, 8 tested positive (6.8%) for high-risk HPV.
Biopsies were then conducted for women reporting any
of the 2 screening tests as positive or a strong suspicion

on examination.

HPV DNA | HPV DNA | p-value Sensitivity; PPV;

positive (8) negative (110) Specificity NPV
VIA positive (23) 5 18 0.001 62.5%; 21.7%; 96.8%
VIA negative (95) |3 92 83.64%

On comparing VIA results with HPV DNA Testing
results, the Sensitivity was found to be 62.5% and
Specificity was 83.64% i.e. VIA correctly identified 92
of the 110 women who were HPV DNA negative.
Positive Predictive Value (PPV) was found to be 21.7%.

© 2025 IIMSIR, All Rights Reserved

This shows a high rate of false positives, meaning many
women would be unnecessarily referred for follow-up
while the Negative Predictive Value (NPV) was 96.8%

i.e. among those who tested negative with VIA, over

. qp]
98% were truly HPV negative. The p-value was found to y ¢y
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be 0.001. There is a statistically significant association
between VIA and HPV DNA results, suggesting that VIA
Table 2: Comparison of VIA results with histopathology

has some predictive utility — though its performance is
weaker compared to HPV DNA.

Biopsy positive (3) | Biopsy negative (115) | p-value | Sensitivity; Specificity | PPV; NPV

VIA positive (23) 3 20

<0.001 | 100%; 13%;

VIA negative (95) |0 95

82.61% 100%

On comparing VIA results with histopathology results,
the Sensitivity was found to be 100% and Specificity was
82.61% - VIA correctly identified 82.61% of true
negative cases (95/115 total biopsy-negative cases). The
Positive Predictive Value (PPV) was 13% while the
Negative Predictive Value (NPV) was 100% i.e. all 95
VIA negative results were truly negative, showing
perfect reliability of a negative VIA test.

In a similar study by Sankaranarayanan et al.?,
comparing VIA to HPV testing sensitivity of VIA was
~60%-70%, NPV of VIA was >95%. Bhatla et al'? in
another study reported that VIA missed 30-35% of
hrHPV infections, especially in asymptomatic or younger
women. Joshi et al.?2 in a genotyping study, found out
that 60% of hrHPV-positive women were VIA-negative,
reinforcing that VIA cannot replace HPV testing in high-
resource settings. Chaudhary et al.® reported VIA
sensitivity of 58.6% and NPV of 96.7% against HPV
DNA testing among women aged 30-50 in urban slums.
The findings affirm that VIA is a valuable, low-cost tool
for cervical screening, which can be used as a triage or
initial screening tool especially in rural or low-resource
settings. Its high NPV and moderate specificity make it
effective for excluding disease.

Gupta et al®*. in a similar study found sensitivity of VIA
in comparison with histopathology to be 100%,
specificity was 79.6%, PPV was 23%, and NPV was
100%. Swaminathan et al.?> in another study found that
VIA had a NPV of 99.1%; 100% sensitivity and a PPV of

17.91% and moderate specificity suggesting that VIA-
positive women should be triaged with Pap smear,
colposcopy, or biopsy to avoid overtreatment.

VIA is cheaper and easier to implement in resource-
limited settings, often enabling same-day screening and
treatment. HPV DNA tests require laboratory
infrastructure and may delay results, potentially affecting
follow-up in Low and Middle Income Countries.
Conclusions

Cancer cervix has a long preinvasive stage of 10-15
years. Screening programme has proved effective in
reducing incidence of invasive cancer by 80% and
mortality by 60%. Cervical cancer screening is crucial for
early detection and prevention. The primary methods
used are Pap Test (Pap Smear), HPV Test, Co-testing
(HPV and Pap Testing) and Visual Inspection with
Acetic Acid (VIA).

These findings validate that VIA is a simple, highly
sensitive, low-cost test ideal for primary screening,
especially due to its perfect NPV. HPV DNA testing is
the most accurate screening tool, with perfect sensitivity
and NPV. False positives were minimal. HPV DNA
testing as the most sensitive and reliable tool for early
detection of cervical neoplasia. The high NPV (100%)
ensures that a negative test result provides strong
reassurance against cervical disease.

With  evidence-backed  strategies and  scalable

implementation, cervical cancer elimination is within

reach. The WHO has called for 90% of girls vaccinated, <J*
LN
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70% of women screened, and 90% of those treated as

part of its 2030 elimination initiative. This study supports

that vision by demonstrating the power of simple,

combined screening methods to detect, prevent, and

ultimately eliminate cervical cancer in India.

References

1.

Mufioz N, Bosch FX, de Sanjosé S, Herrero R,
Castellsagué X, Shah KV, Snijders PJ, Meijer CJ;

International Agency for Research on Cancer
Multicenter ~ Cervical Cancer Study  Group.
Epidemiologic classification of human

papillomavirus types associated with cervical cancer.
N Engl J Med. 2003 Feb 6;348(6):518-27. doi:
10.1056/NEJMo0a021641. PMID: 12571259

Ramamoorthy T, Sathishkumar K, Das P, Sudarshan
KL, Mathur P.

papillomavirus related cancers in India: findings

Epidemiology of human
from the National Cancer Registry Programme.
Ecancermedicalscience. 2022 Sep 7;16:1444. doi:
10.3332/ecancer.2022.1444.  PMID:  36405943;
PMCID: PMC9666279

Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram 1, Jemal A, et al. Global Cancer
Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185
Countries. CA Cancer J Clin. 2021;71(3):209-49
Sankaranarayanan R, Esmy PO, Rajkumar R,
Muwonge R, Swaminathan R, Shanthakumari S,
Fayette JM, Cherian J. Effect of visual screening on
cervical cancer incidence and mortality in Tamil
Nadu, India: a cluster-randomised trial. Lancet. 2007
Aug 4;370(9585):398-406. doi: 10.1016/S0140-
6736(07)61195-7. PMID: 17679017

Franco EL. Chapter 13: Primary Screening of

Cervical Cancer With Human Papillomavirus Tests.

6.

10.

11.

12.

Ramamoorthy T, Kulothungan V, Sathishkumar K,
Tomy N, Mohan R, Balan S, Mathur P. Burden of
cervical cancer in India: estimates of years of life
lost, years lived with disability and disability
adjusted life years at national and subnational levels
using the National Cancer Registry Programme data.
Reprod Health. 2024 Jul 29;21(1):111. doi:
10.1186/s12978-024-01837-7. PMID: 39075548;
PMCID: PMC11287936.

Sankaranarayanan R, Boffetta P. Research on cancer
prevention, detection and management in low- and
medium-income 2010
Oct;21(10):1935-1943. doi: 10.1093/ annonc/ mdgq
049. Epub 2010 Mar 15. PMID: 20231304

Kumar A, Bhatla N, Joshi S, Singla S, Ghosh B,
Ghosh 1, et al. Role of HPV DNA testing in
screening strategies in rural India. Asian Pac J
Cancer Prev. 2020;21(2):423-8.

Bhattacharya R, Pradhan M, Seth S, Saxena P,

Chawla S. Assessment of awareness and practices

countries. Ann Oncol.

related to cervical cancer screening among women
attending a tertiary care center in Delhi. J South
Asian Feder Obst Gynae. 2020;12(4):213-8.

Chavan SS, Gadappa SN, Chaudhari US, Korade
MB. Clinico-cytological profile of cervical lesions in
rural women: a hospital-based cytological study. J
Evid Based Med Healthc. 2013;6(88):6160-3.
Swaminathan J, Rajagopal S, Ramamurthy C, Jagan
M. Prevalence of cervical dysplasia and cervicitis in
South India comparing standard cytology and mobile
colposcopy. Pan Asian J Obstet Gynaecol. 2019.
Bhatla N, Lal N, Bao YP, Ng T, Qiao YL. Human
papillomavirus type distribution in cervical cancer in
India: results from a multi-center study. Int J

Gynaecol Obstet. 2012;118(1):1-7.

JNCI Monographs. 2003 Jun 1;2003(31):89-96. m

[

[=T)]

[\
",

© 2025 IIMSIR, All Rights Reserved



Dr. Khushboo Suresh Shinde, et al. International Journal of Medical Sciences and Innovative Research (IJMSIR)

13.

14.

15.

16.

17.

18.

19.

Sankaranarayanan R, Gaffikin L, Jacob M, Sellors J,
Robles S. A critical assessment of screening methods
for cervical neoplasia. Int J Gynaecol Obstet. 2005
May;89 Suppl 2:S4-S12. doi: 10.1016/ j.ijgo. 2005.
01.009. PMID: 15823266

Wesley RS,
Agency For Research On Cancer. A practical manual

R Sankaranarayanan, International
on visual screening for cervical neoplasia. Lyon:
International Agency For Research On Cancer,
World Health Organization; 2003.

Kumar H. Role of mast cells in uterocervical
pathologies: a comparative analysis of benign and
malignant lesions. Int J Acad Med Pharm. 2025;
7(1):325-9. Awvailable from: https:// academicmed.
org/Uploads /Volume7lssuel/ 62.%20[4567. %?20
JAMP_Naresh]%20325-329.pdf

Ray J, Baidya J, Paul DP, Majumdar G, et al.
Molecular epidemiology and genotype distribution of
genital high-risk human papillomavirus among
women in North-East India. Egypt J Med Hum
Genet. 2025;26:44. doi:10.1186/s43042-025-00744-1
Dee EC, Laversanne M, Bhoo-Pathy N, Ho FDV,
Bray F, et al. Cancer incidence and mortality
estimates in 2022 in Southeast Asia: a comparative
analysis. Lancet Oncol. 2025;26(3):217-29. doi:
10.1016/ S1470-2045(25)00017-8

Bahadur B, Singh TB, Chaudhari S, Annu J. Clinical
and demographic characteristics of cervical cancer
patients attending a tertiary care hospital in eastern
UP. Research Gate. 2024. Available from: https://
www.research gate.net/publication/392445123
Kumar V, Neelam M, Bansal P. Awareness and
screening practices regarding cervical cancer among
women attending a tertiary care hospital. Int J
Reprod Contracept Obstet Gynecol. 2022;11(3):887—
92.

© 2025 IIMSIR, All Rights Reserved

20.

21.

22.

23.

24,

25.

Sharma R, Verma U, Thakur A. Awareness and
knowledge about cervical cancer among women
attending a tertiary care hospital in Uttarakhand.
Indian J Clin Pract. 2020;31(1):15-9.
Sankaranarayanan R, Nene BM, Shastri SS, Jayant
K, Muwonge R, Budukh AM, et al. HPV screening
for cervical cancer in rural India. N Engl J Med.
2009;360(14):1385-94.

Joshi S, Sankaran S, Das M, Mittal S, Sharma A,
Verma Y, et al. Human papillomavirus genotyping in
cervical intraepithelial neoplasia: A study from North
India. Indian J Med Microbiol. 2017;35(4):551-6.
Chaudhary RD, Inamdar SA, Yadav A. Correlation
of diagnostic efficacy of unhealthy cervix by
cytology, colposcopy and histopathology in women
of rural areas. Int J Reprod Contracept Obstet
Gynecol. 2014;3(4):951-5.

Gupta M, Agrawal A, Sharma A. Role of cytology,
colposcopy and colposcopic directed biopsy in the
evaluation of unhealthy cervix. Int J Reprod
Contracept Obstet Gynecol. 2016;5(8):2642—6.
Swaminathan J, Rajagopal S, Ramamurthy C, Jagan
M. Prevalence of cervical dysplasia and cervicitis in
South India comparing standard cytology and mobile
colposcopy. Pan Asian J Obstet Gynaecol. 2019.

Abbreviations

High risk (HR)

Human papilloma virus (HPV)

Visual Testing with Acetic Acid (VIA)

Acknowledgements
The authors acknowledge the support of DHR-ICMR and

Viral Research and Diagnostic Laboratory (VRDL)

Department of Microbiology & Immunology and staff,

Sardar Patel Medical College, Bikaner, Rajasthan, India

for their support in carrying out the research.

[

[=T)]

[\
",



