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Abstract

Background: Cervical cancer is the second most common cancer among Indian women,
with low screening coverage, especially in rural areas. Persistent infection with high-risk
human papillomavirus (HPV), particularly types 16 and 18, is the main cause. This study
evaluated socio-demographic factors associated with visual inspection with acetic acid
(VIA), Pap smear and HPV positivity and compared the diagnostic performance of these
screening methods.

Methods: This retrospective study included 641 women aged 30 to 55 years screened
at two preventive oncology centres in Mullanpur and Sangrur between October 2024
and April 2025. Participants underwent VIA, Pap smear and HPV DNA testing. VIA find-
ings were interpreted according to the World Health Organization guidelines, and Pap
smear results were assessed using standard criteria. HPV results were categorised as
HPV 16/18 or other high-risk types. Women positive on any screening test underwent
colposcopy, with cervical punch biopsy performed when indicated.

Results: Among the women screened, VIA positivity was 31.9%, HPV positivity was
18.8% and Pap smear positivity was 1.7%. VIA positivity was higher among rural women
and those with lower income, whereas HPV positivity was associated with early age at
marriage and higher parity. For detecting cervical intraepithelial neoplasia 2+ (CIN2+)
lesions, VIA demonstrated 100% sensitivity and lower specificity, Pap smear showed high
specificity (99.5%) but lower sensitivity, while HPV DNA testing demonstrated 93.3%
sensitivity and 82.8% specificity, with the highest diagnostic accuracy.
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Conclusion: HPV DNA testing demonstrated high diagnostic accuracy for detecting CIN I+ lesions, while VIA showed high sensitivity but
lower specificity, making it a practical screening tool in low-resource settings. Pap smear remained highly specific but detected fewer high-
grade lesions. Early marriage, higher parity and lower socioeconomic status were associated with increased HPV positivity. These findings
support risk-based cervical cancer screening strategies that integrate HPV DNA testing and VIA to improve early detection and reduce the
burden of cervical cancer in resource-limited settings.
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Introduction

Despite decades of cancer control programmes in India, cervical cancer screening coverage remains very low. Globally, cervical cancer is the
fourth most common cancer among women, with an estimated 660,000 new cases and 350,000 deaths reported in 2022 [1]. In India, it is the
second most common cancer among women; however, the screening rate for women aged 30 to 49 years in both urban and rural populations
remains below 2.5% [2-4]. According to GLOBOCAN 2020, nearly half a million new cervical cancer cases are diagnosed worldwide each
year, with 50% mortality [3]. Most patients present at advanced stages, resulting in substantial morbidity and mortality [2,3]. Low literacy
levels, limited awareness and socioeconomic challenges, particularly in rural areas, remain major barriers to effective utilisation of screening
services [4]. Persistent infection with high-risk human papillomavirus (HPV), particularly types 16 and 18, is the primary risk factor for cervi-
cal cancer [1,5]. Although most HPV infections are transient, persistent infection in the presence of cofactors such as early age at marriage,
high parity, smoking, obesity and immuno-suppression can progress to high-grade cervical intraepithelial neoplasia (CIN 11/11l) and invasive
cervical cancer [1,5,7]. Additional socio-demographic and behavioural factors, including age at marriage, parity, genital hygiene, medication
use and substance use, have also been shown to influence cervical cancer risk [4,7,8].

Screening methods such as visual inspection with acetic acid or Lugol’s iodine (VIA/VILI), Pap smear cytology and HPV DNA testing are
widely used for early detection and prevention [1,6,9]. Evidence from India and other low- and middle-income countries suggests that
HPV-based screening, combined with cytology or VIA, represents an effective and feasible approach in low-resource settings [5,8,13]. Socio-
demographic determinants strongly influence screening outcomes; women from rural areas, those with low literacy or socioeconomic status,
and those married at an early age or with high parity are more likely to be HPV positive and less likely to access screening services [4,7,8].
Targeted interventions for these high-risk groups are therefore essential to improve early detection and reduce the burden of cervical cancer.
However, variability in the performance of VIA, Pap smear and HPV testing has been reported across different Indian populations, highlight-
ing the need for locally relevant, evidence-based screening strategies [6,9,10].

This study aimed to explore socio-demographic factors associated with HPV, Pap smear and VIA positivity; examine the strengths and limita-
tions of each screening method and evaluate their sensitivity, specificity and diagnostic accuracy. The findings are intended to inform the
development of evidence-based cervical cancer screening programmes in India.

Materials and methods

Study design and setting
This retrospective observational study was conducted at the Preventive Oncology Departments of the Mullanpur and Sangrur centres.

Medical records of women who underwent cervical cancer screening using Pap smear cytology, HPV DNA testing, VIA/VILI and colposcopy
between October 2024 and April 2025 were systematically reviewed.

Study population
Women aged 30 to 55 years who underwent all three screening modalities (VIA, Pap smear and HPV DNA testing) along with colposcopic

examination were included. Records were identified from hospital databases and screening registers. Women with incomplete documenta-
tion, a prior hysterectomy, known cervical cancer, or pregnancy were excluded. Only complete records were included in the final analysis.
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Data collection

Data on demographic characteristics, reproductive history, contraceptive use, tobacco exposure, prior screening history, per-speculum clini-
cal findings and screening test results were extracted using a standardised data collection format. Data extraction was performed indepen-
dently by trained personnel, and discrepancies were resolved through cross-verification with source documents to ensure accuracy and
reliability.

Screening procedures

Visual inspection with acetic acid (VIA)

VIA was performed using 5% acetic acid. VIA positivity was defined as the presence of sharply demarcated, dense aceto-white areas in the
transformation zone or columnar epithelium.

Pap smear collection and interpretation

Cervical cytology samples were collected following appropriate counselling and positioning. Ectocervical and endocervical samples were
obtained using cotton swabs, smeared onto labelled glass slides and fixed in 95% ethanol. Cytological interpretation was performed according
to the Bethesda system. Results were considered positive if atypical squamous cells of undetermined significance (ASC-US) or higher-grade
abnormalities (including low-grade squamous Intraepithelial lesion and high-grade squamous intraepithelial lesion (HSIL)) were detected, and
negative if no intraepithelial lesion or malignancy (NILM) was reported.

HPV DNA testing

Cervical samples were collected using a Digene conical brush rotated 360° 3 to 4 times at the cervical OS and placed in 1 mL of Digene trans-
port medium. HPV DNA testing was performed using the Anyplex™ Il HPV HR Detection Assay, which detects 14 high-risk HPV genotypes,
including HPV-16, HPV-18 and 12 additional types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68). Results were categorised as positive
for HPV 16/18, positive for other high-risk HPV types or negative if no HPV DNA was detected.

Colposcopy and histopathology

Women who tested positive by any screening method underwent colposcopic examination. Cervical biopsies were obtained from suspicious
areas and submitted for histopathological evaluation to confirm the presence of CIN or invasive malignancy.

Statistical analysis

Descriptive statistics were used to summarise demographic and clinical characteristics. Age was categorised as <45 years and 245 years.
Associations between socio-demographic variables and screening outcomes were assessed using the chi-square test or Fisher’s exact test,
as appropriate [12].

Univariate logistic regression analysis was performed to estimate odds ratios for associations between demographic and clinical factors and
screening test positivity. Variables with an adequate number of events (e.g. VIA positivity = 31.9%) were included in multivariate logistic
regression models, with stepwise removal of non-significant predictors [13].

The association between screening test results and histopathological findings was evaluated using the chi-square test or Fisher’s exact test.
Diagnostic performance measures including sensitivity, specificity, accuracy, positive predictive value (PPV) and negative predictive value
(NPV) were calculated using histopathology as the reference standard. Agreement between HPV DNA testing, Pap smear cytology, and VIA/
VILI was assessed using k statistics.
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All statistical analyses were performed using SPSS version 29 and R version 4.5.1 [14,15]. A p-value < 0.05 was considered statistically
significant.

Data quality control

Records were reviewed for completeness and duplicate entries were removed. Uniform criteria for test positivity were applied consistently
across all records.

Ethical considerations

Ethical approval was obtained from the Institutional Ethics Committee of Homi Bhabha Cancer Hospital and Research Centre (Project ID:
15000064). As this study involved a retrospective review of medical records, no direct patient contact occurred. All patient data were de-
identified, and confidentiality was strictly maintained. Informed consent for cervical cancer screening had been obtained from all participants
at the time of their initial evaluation.

Results

A total of 641 women were included in this retrospective analysis. The majority of participants (79.4%) were <45 years. Most women resided
in rural areas (81.3%), while 18.7% were from urban settings. Regarding educational status, 16.7% of participants were illiterate, 48.8% had
completed education up to the tenth grade and 34.5% had attained education beyond secondary school. Most participants belonged to the
Sikh community (73.6%), with the remaining 26.4% representing other religious groups. The majority of women (82.7%) were housewives.
Assessment of per capita income showed that nearly two-thirds of participants (65.2%) had a monthly income below INR 4,411, indicating a
predominantly low-income population.

Reproductive characteristics revealed that early marriage was common, with 64.0% of women married at or before 21 years of age and 49.5%
of participants had their first pregnancy at an early age. Screening results showed that 205 women (31.9%) were VIA positive, 121 women
(18.8%) tested positive for HPV DNA, and 11 women (1.7%) had a positive Pap smear. Baseline demographic, socioeconomic, reproductive
characteristics and screening outcomes are summarised in Table 1.

As shown in Figure 1, among the 284 women who tested positive by at least 1 screening method, 204 (31.8% of the total screened popula-
tion) had abnormal findings on colposcopy, while the remaining screen-positive women did not show visible cervical lesions. Cervical punch
biopsy was performed in 188 women with abnormal colposcopy (92.1%), whereas 16 women (7.8%) declined biopsy despite clinical recom-
mendation. Histopathological examination showed benign results in 173 women (92.0%), CIN Il in 6 women (3.2%) and CIN Il or higher
lesions in 9 women (4.8%).

The association of various epidemiological factors including age, socioeconomic status, literacy, gynaecological historyO and other relevant
characteristics was evaluated in relation to the outcomes of VIA, Pap smear and HPV testing (Table 2). Some socio-demographic character-
istics showed statistically significant associations, particularly with VIA and HPV positivity.

VIA positivity

Among the 641 women screened, 205 (31.9%) tested positive for VIA. The majority of VIA-positive women were <45 years (85.4%), whereas
women >45 years were less likely to test positive (odds ratio (OR) = 0.60; 95% ClI: 0.38-0.95; p = 0.03). Rural residence was strongly associ-
ated with VIA positivity, with women from rural areas having more than twice the odds of testing positive compared to urban residents (OR
=2.13; 95% Cl: 1.45-4.10; p < 0.001). Low per capita income (<4,411 INR) was also significantly associated with higher VIA positivity (OR
=1.78; 95% Cl: 1.25-2.53; p < 0.001). No significant associations were observed with education level or other socio-demographic factors.
These findings suggest that younger age, rural residence and lower income were the main factors influencing VIA positivity in this population.
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Table 1. Demographic, reproductive and screening characteristics of study participants (n = 641).

Variable Category n (%)

<45 509 (79.4)
Age (years)

>45 132 (20.6)

Urban 120 (18.7)
Area of Residence

Rural 521 (81.3)

Higher secondary and above 221 (34.5)
Education Up to secondary (1-10) 313 (48.8)

Illiterate 107 (16.7)

Sikh 472 (73.6)
Religion

Others 169 (26.4)

Housewife 530 (82.7)
Occupation

Others 111(17.3)

>50,000 62(9.7)
Monthly income (INR)

<50,000 579 (90.3)

>4.411 223 (34.8)
Per capita income (INR)

<4411 418 (65.2)

No 515 (80.3)
Medical history

Yes 126 (19.7)

Vegetarian 412 (64.3)
Diet

Non-Vegetarian 229 (35 7)

Yes 3(2.0)
History of cervical screening

No 628 (98.0)

<13 87 (13.6)
Age at Menarche (years)

>13 554 (86.4)

Pre/Perimenopause 575 (89.7)
Menstrual status

Postmenopause 66 (10.3)

Barrier 89 (13.9)
History of contraceptive use

Other 552 (86.1)

>22 231 (36.0)
Age at marriage (years)

<21 410 (64.0)

Never pregnant 1(1.7)
Age at first pregnancy (years) 225 131 (20.4)

<24 499 (77.8)

<2 465 (72.5)
Number of live births

>2 176 (27.5)

0 410 (64.0)
Number of abortions

>1 231 (36.0)

Continued
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Table 1. Demographic, reproductive and screening characteristics of study participants (n = 641). Continued

NILM 515 (80.3)
ASCUS 6(0.9)
HSIL 3(0.5)
Pap smear report
Inflammatory 86 (13.4)
Bacterial Vaginosis 29 (4.5)
Invasive Carcinoma 2(0.3)
Negative 436 (68.0)
VIA report
Positive 205 (31.9)
Not detected 520(81.1)
HPV test report Positive for HPV 16 & 18 59(9.2)
Positive for other high-risk variants 62 (9.7)

Values are presented as number (n) and percentage (%). Pap smear results follow the Bethesda system. HPV testing includes genotypes 16, 18
and other high-risk variants. Cervical screening refers to any prior VIA, HPV, or Pap smear. Age at menarche and menopause is self-reported.
Contraceptive history includes current or past use of any method. VIA = Visual Inspection with Acetic Acid.

Pap smeatr positivity

Pap smear positivity was observed in 11 women (1.7%). Most smears were negative (80.3%), followed by inflammatory changes (13.4%)
and bacterial vaginosis (4.5%). Among the positive smears, five cases were ASC-US, three were HSIL and two showed invasive carcinoma.
Although no socio-demographic factor reached statistical significance, Pap positivity tended to be slightly higher in women from rural areas,
those with low income, early marriage (<21 years), or having >2 live births.

HPV positivity

HPV DNA positivity was observed in 121 women (18.8%), with nearly half (48.7%) positive for high-risk HPV types 16 and 18. Early marriage
(=21 years) was significantly associated with HPV positivity (OR = 1.72; 95% Cl: 1.11-2.68; p = 0.02), and women with >2 live births had
higher odds of being HPV positive (OR = 1.60; 95% Cl: 1.05-2.44; p = 0.03). Other socio-demographic factors, including age, residence and
per capita income, were not significantly associated with HPV positivity (Table 2).

Adjusted odds analysis (AOR)

After adjusting for socio-demographic and reproductive factors, VIA positivity was significantly associated with younger age, rural residence,
lower income and a history of abortion. Women >45 years had lower odds of VIA positivity compared to those aged <45 years (AOR = 0.59;
95% Cl: 0.38-0.93; p = 0.02), while rural residents had about twice the odds compared to urban residents (AOR = 2.00; 95% CI: 1.23-3.28;
p = 0.01). Lower per capita income showed a borderline increase in odds (AOR = 1.42; 95% Cl: 0.98-2.04; p = 0.06) and having at least one
abortion was also associated with higher odds of VIA positivity (AOR = 1.41; 95% Cl: 1.00-2.01; p = 0.05).

In contrast, HPV positivity was not significantly associated with age, residence, income or history of abortion. Early marriage (<21 years) (AOR
=1.72; 95% Cl: 1.11-2.68; p = 0.02) and having >2 live births (AOR = 1.60; 95% Cl: 1.05-2.44; p = 0.03) were the main factors associated
with HPV positivity. Adjusted odds were not calculated for Pap smear due to the small number of positive cases (Table 3).

The performance of VIA, Pap smear and HPV testing for detecting high-grade cervical lesions is summarised in Table 4.
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Total screened women 641

!

A 4

A 4

A 4

PAP smear sampling (641)

HPV-DNA Sampling (641)

l

l

Visual inspection with Acetic acid

(641)
}

PAP Positive = 11 (1.7%).

HPV Positive = 121 (18.8%)

!

\ 4

VIA Positive = 205 (31.9%)

l

Total persons who were positive from either of the test = 284

v

204 cases — Positive on colposcopy (31.8%)

:

A 4

A 4

(92.1%)

Cx Punch biopsy done — 188

Refusal for cervix biopsy -16 (7.84%)

l

Benign 173 (92.02%)
(CIN 1) 6 cases (3.2%)

(CIN Il & CIN IIl +) 9 cases (4.8%)

Figure 1. Flow diagram of study participants and screening outcomes. The flow diagram shows detail figures of screening procedures (VIA, PAP, and HPV-

DNA), Colposcopic evaluation, and histopathological outcomes among the total screened.

VIA demonstrated high sensitivity but moderate specificity, making it effective for identifying women with CIN2+ and CIN3+ lesions. Pap
smear was highly specific but less sensitive, especially when only high-grade lesions were considered positive. HPV testing showed a bal-
anced combination of sensitivity and specificity. These findings indicate that the three screening modalities complement each other, provid-

ing an effective approach for detecting high-grade cervical lesions in this population.
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Table 2. Prevalence of VIA, Papand HPV positivity according to socio-demographic and reproductive factors (n = 641).

VIA . Pap HPV .
Variable Category positive, ORCE?]SA p-value | positive, OR[95% CI] p-value | positive, n OR(E%SA p-value
n (%) n (%) (%)
<45 175 (85.4) Reference 7 (63.6) Reference 99 (81.8) Reference
Age (years) 0.56 0.83
>45 30 (14.6) [0.36-0.88] 0.01 4 (36.4) 2.24 [0.65-7.77] 0.20 22(18.2) [0.50-1.38] 0.47
Urban 24 (11.7) Reference 1(9.1) Reference 20 (16.5) Reference
Residence Rural 181 (88.3 213 0.01 10 (90.9 2.33[0.30-18.37 0.42 101 (83.5 1.20 0.49
<0. . . .30-18. . . .
ure ©8.3)| 11.31-3.45] (90.9) [ ] ©35) | (071-2.04]
Higher
secondary and | 66 (32.2) Reference 3(27.3) Reference 36 (29.8) Reference
above
. Up to
Education 1.15 1.19
secondary 103 (50.2) [0.79-1.67] 0.46 5(45.5) 1.18 [0.28-4.99] 0.82 59 (48.8) [0.76-1.88] 0.45
(1-10)
Illiterate 36 (17.6) 119 0.49 3(27.3) 2.10[0.42-10.56] 0.37 26 (21.5) 1.6 0.08
’ [0.73-1.95] ’ ’ ’ ’ ’ ’ ’ [0.93-2.91] ’
Sikh 136 (66.3) Reference 9(81.8) Reference 93(76.9) Reference
Religion 1.70 0.81
Others 69 (33.7) [1.18-2.46] <0.01 2(18.2) 0.62[0.13-2.88] 0.54 28(23.1) [0.51-1.29] 0.37
Housewife 165 (80.5) Reference 7 (63.6) Reference 101 (83.5) Reference
Occupation Oth 40(19.5 1.25 0.31 4 (36.4 2.79 [0.80-9.71 0.11 20 (16.5 0.93 0.80
thers 95 | 0g1-1917 | © (36.4) | 279[080-9.71] ' (6.5 | 055-1.50 | ©
>50,000 12 (5.9) Reference 0(0) Reference 9(7.4) Reference
Monthly family 2.08 6088074.99 141
income (INR) 193 (94.1 ’ X 11 (100. ’ } . ’ )
<50,000 3( ) 1.08-4.00] 0.03 (100.0) (0-Inf] 0.99 112 (92.6) 0.68-2.95] 0.36
>4411 59 (28.8) Reference 2(18.2) Reference 37 (30.6) Reference
Per capita income 129 128
(INR) . ’ . . . .52-11. . . ' .
<4411 146 (71.2) [1.04-2.14] 0.03 9(81.8) | 2.43[0.52-11.35] 0.26 84 (69.4) 0.83-1.94] 0.28
No 177 (86.3) Reference 11 (100.0) Reference 99 (81.8) Reference
Medical history 0.55 0.89
Yes 28 (13.7) [0.35-0.86] 0.01 0(0) 0 [0-Inf] 0.99 22(18.2) [0.53-1.48] 0.65
Vegetarian 122 (59.5) Reference 7 (63.6) Reference 70(57.9) Reference
Diet Non- 1.35 1.40
Vegetarian 83 (40.5) 0.96-1.90] 0.08 4(36.4) 1.03 [0.30-3.55] 0.96 51(42.1) (0.93-2.10] 0.10
Yes 7 (3.4) Reference 1(9.1) Reference 1(0.8) Reference
History of
cervical screening | No 198 (96.6) 0.39 0.10 10(90.9) | 0.19[0.02-1.64] 0.13 120 (99.2) 2:83(0.37- 0.32
[0.13-1.19] 21.98]
<13 32 (15.6) Reference 2(18.2) Reference 17 (14.0) Reference
Age at menarche 078 095
(vears) . ’ . . . .15-3. . X ’ .
>13 173 (84.4) (0.49-1.25] 0.30 9(81.8) 0.70[0.15-3.30] 0.65 104 (86.0) 0.54-1.68] 0.86
Continued
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Table 2. Prevalence of VIA, Papand HPV positivity according to socio-demographic and reproductive factors (n = 641). Continued

Pre/Peri- 191(93.2) Reference 8(72.7) Reference 106 (87.6) Reference
menopause
Menstrual status o 052 130
ost- E .
menopatse 14 (6.8) (0.29-1.00] 0.05 3(27.3) 3.37 [0.87-13.05] 0.08 15(12.4) [0.70-2.40] 0.40
. Barrier 35(17.1) Reference 1(9.1) Reference 15(12.4) Reference
Contraceptive 0.69 117
use Others 170 (82.9) 0 43'_1 09] 0.11 10(90.9) | 1.62[0.21-12.84] | 0.65 106 (87.6) 0 65'—2 12] 0.60
222 65 (31.7) Reference 2(18.2) Reference 32(26.4) Reference
Age at marriage 132 172
(years) <21 140 (68.3) 0 93'_1 88] 0.12 9(81.8) | 2.57[0.55-12.00] | 0.23 89 (73.6) [1 11'_2 68] 0.02
>25 40(19.5) Reference 1(9.1) Reference 19 (15.7) Reference
. 1.07 1.50
Age at first <24 160 (78.0) [0.71-1.63] 0.74 10(90.9) | 2.66 [0.34-20.96] 0.35 101 (83.5) [0.88-2.55] 0.14
pregnancy (years) . : . .
Never 1.90 0.59
Pregnant 5(2.4) [0.55-6.58] 0.31 0(0.0) 0 [0-Inf] 0.99 1(0.8) [0.07-4.87] 0.62
<2 152 (74.1) Reference 6 (54.5) Reference 78 (64.5) Reference
Number of live 089 160
births : - :
>2 53(25.9) [0.61-1.29] 0.53 5(45.5) 2.24[0.67-7.42] 0.19 43 (35.5) [1.05-2.44] 0.03
0 122 (59.5) Reference 10 (90.9) Reference 73 (60.3) Reference
Number of 132 1.21
abortions >1 40. ‘ A1 1(9.1 .17 [0.02-1.37 1 48 (39.7 : )
= 83 (40.5) [0.94-1.86] 0 ¢1) 0.1710.0 371 0.10 8(39.7) [0.81-1.82] 036

Bold values indicates statistically significant association (p < 0.05). Cl, confidence interval; OR, odds ratio; Pap, Papanicolaou smear; VIA, visual inspection
with acetic acid; reference category shown; p < 0.05 considered significant.

Table 3. Adjusted odds ratios for factors associated with VIA and HPV positivity.

Variable Category VIA: AOR (95% ClI) p value HPV: AOR (95% ClI) p value
Age <45 years 1 (reference) - 1 (reference) -
>45 years 0.59 (0.38-0.93) 0.02 0.84 (0.50-1.40) 0.50
Residence Urban 1 (reference) - 1 (reference) -
Rural 2.00(1.23-3.28) 0.01 1.17 (0.68-1.99) 0.58
Per capita income >4,411 1 (reference) - 1 (reference) -
<4411 1.42 (0.98-2.04) 0.06 1.25(0.81-1.92) 0.31
Number of abortions 0 1 (reference) - 1 (reference) -
21 1.41(1.00-2.01) 0.05 1.23(0.82-1.86) 0.31

Odds ratios were adjusted for age, residence, per capita income and number of abortions p < 0.05 considered statistically significant.
AOR, Adjusted Odds Ratio; Cl, Confidence Interval.

As shown in Table 5. The agreement of test results was slightly better in PAP versus HPV (k: 0.08 [0.013, 0.139; p-value < 0.001) and VIA
versus PAP (k: 0.06 [0.023, 0.101]; p-value < 0.001) than VIA versus HPV (k: 0.03 [-0.042, 0.107]; p-value: 0.0383). Overall, the agreement
of test results was poor for all the pairs of tests (k range: 0.03-0.08).
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Table 4. Diagnostic performance of VIA, Pap smear, and HPV testing for detection of CIN2+ and CIN3+ lesions.

Screening test

Sensitivity

Specificity

PPV

NPV

VIA 100% [78.2-100] 71.3% [67.5-74.9] 7.9% [4.5-12.7] 100% [99.2-100]
CIN2+ | Pap 53.3% [26.6-78.7] 99.5% [98.6-99.9] 72.7% [39-94] 98.9% [97.7-99.5]
HPV 93.3% [68.1-99.8] 82.8% [79.6-85.7] 11.8% [6.6-19] 99.8% [98.9-100]
Screening test Sensitivity Specificity PPV NPV
CIN3+ VIA 100% [66.4-100] 70.6% [66.8-74.2] 4.7% [2.2-8.8] 100% [99.2-100]
Pap 77.8% [40-97.2] 99.4% [98.3-99.8] 63.6% [30.8-89.1] 99.7% [98.8-100]
HPV 88.9% [51.8-99.7] 82% [78.7-84.9] 6.7% [2.9-12.8] 99.8% [98.9-100]

Values are percentages with 95% confidence intervals. CIN2+ and CIN3+ indicate cervical intraepithelial
neoplasia grade Il or grade Il and above. VIA = visual inspection with acetic acid; Pap = Papanicolaou smear;
HPV = human papillomavirus

Table 5. Concordance between screening test results.

Test 1 Test 2 Kk [95% Cl] p-value
VIA PAP 0.06 [0.023, 0.101] <0.001
VIA HPV 0.03[-0.042, 0.107] 0.383
PAP HPV 0.08 [0.013, 0.139] <0.001

Kappa statistic with 95% confidence interval (Cl) measuring agreement between screening tests. P-val-
ues indicate statistical significance of agreement

Discussion

Cervical cancer remains a significant public health challenge in India, particularly among women in rural and socio-economically disadvan-
taged settings. Effective screening is crucial for early detection of precancerous lesions and reduction of cervical cancer incidence.

In our study, a relatively large proportion of women, 205 (31.9%), tested positive on VIA. This high VIA positivity is likely influenced by
several factors. VIA can appear positive in the presence of benign cervical conditions such as inflammation, ectropion or metaplasia, and its
interpretation depends on visual assessment of aceto-white changes. These factors are commonly encountered in rural populations and have
been reported previously [7,8]. Another contributor to the elevated VIA positivity in our cohort is the recruitment process. Many women
were referred from community screening camps after already being screened VIA positive, resulting in an overrepresentation of VIA-positive
women and an overall positivity rate approaching 30%. Similar observations have been reported in hospital-based services, highlighting
how VIA positivity can be influenced by the healthcare environment. For instance, an opportunistic screening study of 329 women attend-
ing a gynaecology out patient department in India found that 18.5% were VIA positive, reflecting higher detection rates in symptomatic or
hospital-attending populations [20]. Likewise, a study in rural Uttar Pradesh reported VIA positivity of 21% among women presenting for
routine screening [20]. These facility-based positivity rates, notably higher than those reported in population-based programmes, underline
the impact of patient selection and recruitment on VIA outcomes, emphasising that VIA positivity is shaped not only by underlying cervi-
cal pathology but also by the setting and characteristics of the screened population. This rate is substantially higher than those reported in
large population-based screening programmes. For instance, a South Indian screening programme reported VIA positivity of 10.75% among
18,869 women [7]. Similarly, studies from Nepal and Iran reported VIA positivity rates of 7.4% and 12%-15%, respectively [9,10], highlight-
ing variability influenced by examiner experience, training, lighting conditions and population characteristics.
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Socio-demographic analysis revealed that rural residence significantly increased the odds of VIA positivity (OR = 2.13; p < 0.01), which is
aligned with prior literature suggesting higher prevalence of cervical inflammation, limited access to preventive care and greater rates of
symptomatic presentation among women in rural areas [7,8]. Age >45 years was associated with lower VIA positivity (OR = 0.56; p = 0.01),
possibly due to regression of the transformation zone into the endocervix with advancing age, making acetowhite lesions less visible. Socio-
economic factors also played an important role: low family income (<Rs. 50,000/month) and lower per capita income (<4,411 INR) were asso-
ciated with increased VIA positivity (OR = 2.08 and 1.49, respectively; p = 0.03), reflecting the influence of limited access to health services
and preventive care. Other variables, including diet, contraceptive use and prior cervical complaints, did not show significant associations.

Reproductive factors further influenced VIA positivity. Early age at marriage (<21 years) and higher parity (>2 live births) were associated
with slightly increased VIA positivity (OR = 1.32 and 0.89, respectively), suggesting that cervical trauma, hormonal influences and prolonged
exposure to potential HPV infection may contribute to acetowhite changes [15,16].

Pap smear positivity

Pap smear cytology in our cohort demonstrated only 11 women testing positive (1.7%). This low prevalence aligns with the documented
tendency for Pap smear positivity to be lower than VIA or HPV DNA testing, especially in opportunistic screening settings [6,8]. Previous
Indian studies have reported Pap positivity rates ranging from 10% to 25%, largely influenced by sample adequacy, presence of inflammation
and quality of cytological assessment [7,20].

Our analysis revealed that older age (>45 years) was associated with higher odds of Pap positivity (OR = 2.24), although this was not sta-
tistically significant (p = 0.2). Rural residence showed a similar trend (OR = 2.33; p = 0.42). Reproductive factors, particularly early marriage
(<21 years; OR = 2.57) and high parity (>2 live births; OR = 2.24), were associated with increased Pap positivity, consistent with evidence
that prolonged sexual activity, cervical trauma and hormonal changes influence cytological outcomes [15,16]. Other determinants, including
education, occupation, monthly income, contraceptive use and menstrual status, did not significantly affect Pap results.

HPV DNA test positivity

HPV DNA testing in our cohort revealed positivity in 121 women (18.9%), with HPV 16 and HPV 18 genotypes accounting for nearly 50% of
positive cases. This prevalence aligns with other Indian studies, where HPV positivity ranges between 15% and 25% in general populations
[5,7,16]. Peri-urban studies in Andhra Pradesh and Mumbai report similar or slightly higher prevalence rates (>20%), highlighting HPV DNA
testing as the most sensitive screening modality for detecting high-grade cervical lesions [7,16].

In our study, early age at marriage (<21 years) and higher parity (>2 live births) were significant predictors of HPV positivity (OR = 1.72; p =
0.02 and OR = 1.6; p = 0.03, respectively). These associations are in concordance with a previously reported hospital-based study from Bihar,
which found that women with more than two children were significantly more likely to be HPV positive (OR = 2.49; 95% CI: 1.93-3.21) [18],
and those from lower socioeconomic groups had an even higher risk (OR = 3.05; 95% Cl: 2.16-4.32) [15]. Similarly, a study conducted among
women in North India reported that those married before the age of 20 years had a significantly higher risk of HPV infection (OR = 1.80)
[11]. Furthermore, in a cohort of women living with HIV in Mumbai, being married before 20 years of age was associated with increased HPV
positivity (OR = 2.02; 95% Cl: 1.13-3.58) [19].

Other socio-demographic variables, including rural residence, low education and low family income, displayed non-significant trends toward
higher HPV prevalence. These results are in line with previous research demonstrating that socioeconomic disadvantage, limited access to
healthcare and higher infection burden contribute to higher HPV prevalence in low-resource settings [7,11].

Diagnostic performance of cervical cancer screening methods

In our study, VIA, Pap smear cytology and high-risk HPV DNA testing were evaluated for their ability to detect CIN [I+ and CIN llI+ lesions.
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VIA demonstrated very high sensitivity but low specificity for detecting CIN I+ and CIN IlI+ lesions, reflecting its tendency to register some
non-neoplastic acetowhite areas as abnormal. Meta-analytic data also showed that VIA’s pooled sensitivity and specificity vary widely, with a
sensitivity of around 69% (95% Cl: 54%-81%) and a specificity of 87% (95% Cl: 79%-92%), reflecting operator dependency and variability in
visual interpretation in low-resource settings [23]. In contrast, in a few Indian studies, the International Agency for Research on Cancer rural
demonstration project observed VIA sensitivity of 67.9% and specificity of 93.2% for CIN Ill+ [22], while a study from Dadri, Uttar Pradesh
reported sensitivity of ~50% and specificity of 96.7% for CIN llI+ lesions [20]. Additionally, a Taiwanese study reported higher sensitivity for
VIA compared with Pap smear, with lower specificity, highlighting the risk of false positives [25]. These findings are in line with our study,
which also demonstrated 100% sensitivity for VIA, showing that it can detect all high-grade lesions in selective settings, but its accuracy may
vary in larger population-based screening programmes due to differences in interpretation and patient characteristics.

Pap smear cytology in our cohort showed high specificity for both CIN I+ (98.8%) and CIN llI+ (98.3%) lesions, with moderate sensitivity
(53.3% and 77.8%, respectively). These findings are consistent with Indian studies, including the Andhra Pradesh cervical cancer screening
study, which reported high specificity (>85%) but relatively lower sensitivity for early high-grade lesions, particularly CIN 1l [24]. The high
NPVs observed in our study indicates the ability of Pap cytology to rule out high-grade disease effectively, even though some precancerous
lesions were not detected.

In terms of screening methods, HPV DNA testing showed the highest sensitivity of 93.3% and specificity of 83.8% for CIN Il lesions, with
similar results for CIN IlI+ cases [23]. This performance aligns with both meta-analytic and Indian studies, where HPV testing generally shows
higher sensitivity than Pap cytology and VIA while maintaining acceptable specificity (~82%-90%) [23,24]. HPV testing retained high sensi-
tivity and very high NPVs (>99%), reflecting its ability to detect clinically significant lesions [23,24].

Inter-test concordance (k agreement)

Inter-test agreement between VIA, Pap smear and HPV DNA testing in our cohort was low, reflecting limited overlap in the detection of
cervical abnormalities across these screening modalities. This pattern is consistent with findings from Andhra Pradesh, where Gravitt et al
reported poor concordance among VIA, cytology and HPV assays (k = 0.04-0.11) [17]. Similar trends have been observed in other low-
resource settings: studies in peri-urban Indian communities and rural North India noted only slight to fair agreement between VIA and HPV
testing [6,17,24]. Factors such as operator experience, subjective interpretation of acetowhite changes, specimen quality and population
prevalence of cervical lesions contribute to these discrepancies. These observations underscore that VIA, Pap and HPV DNA testing often
identify different subsets of women at risk, supporting the complementary use of multiple modalities in screening programmes to enhance
overall detection coverage.

Limitations of the study

Several factors should be considered when interpreting the findings. The small number of women testing positive on Pap smear (n = 11)
restricted the statistical power to identify associations with socio-demographic characteristics. Similarly, the relatively low prevalence of HPV
positivity and the small number of CIN2+ and CIN3+ cases resulted in low PPVs across screening tests. The predominantly rural and lower
socioeconomic composition of the study population may limit the applicability of these findings to urban or higher-income populations.

Conclusion

Early marriage, higher parity and lower socioeconomic status were associated with increased HPV positivity, reflecting patterns observed in
similar Indian cohorts. VIA captured a larger proportion of potential lesions but showed lower specificity, while Pap cytology demonstrated
high specificity but moderate detection of high-grade lesions. HPV DNA testing identified high-risk infections, particularly types 16 and 18,
which were most frequently associated with CIN Il and CIN IlI+ lesions. These observations highlight the differential performance of screen-
ing modalities in a North Indian population and the potential role of HPV testing in identifying women at higher risk, alongside complemen-
tary use of VIA testing in resource-limited settings.
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