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Abstract:

Background: Bacterial Vaginosis (BV) is a prevalent vaginal infection among reproductive-aged women,
characterized by a dysbiotic alteration in vaginal flora. Recent data indicates a potential association between
bacterial vaginosis (BV), chronic Human Papillomavirus (HPV) infection, and the onset of cervical intraepithelial
neoplasia (CIN). Changes in vaginal microbiota may weaken the mucosal barrier, facilitating virus persistence
and the advancement to premalignant or malignant cervical lesions.

Objective: To ascertain the frequency of bacterial vaginosis and investigate its correlation with HPV infection
and cervical epithelial abnormalities in women visiting a tertiary care hospital in Eastern India.

Methods: A prospective observational study was performed at the Department of Obstetrics & Gynecology and
the Department of Pathology at Jawahar Lal Nehru Medical College & Hospital, Bhagalpur, from January 2024
to January 2025. Sixty women aged 21 to 60 years, presenting with vaginal discharge or participating in routine
cervical cancer screening, were included. Bacterial vaginosis was diagnosed utilizing Amsel’s criteria and
corroborated through Gram-stain Nugent grading. Cervical specimens underwent HPV DNA testing and
cytological assessment using Pap smear utilizing the Bethesda system (2014).

Results: Bacterial vaginosis was detected in 28 of the 60 women (46.7%). Of the BV-positive patients, 20 (71.4%)
were positive for high-risk HPV, while 14 (50%) had cytological abnormalities, including ASC-US, LSIL, and
HSIL. Conversely, among women devoid of BV, merely 8 (25%) tested positive for HPV, and 4 (13.3%) exhibited
cytological alterations. A statistically significant correlation was identified between bacterial vaginosis (BV) and
human papillomavirus (HPV) infection (p<0.01), as well as between BV and the presence of cervical
intraepithelial lesions (p<0.05).

Conclusion: The study demonstrates a notable correlation between bacterial vaginosis and an elevated incidence
of high-risk HPV infection and cervical cytological abnormalities. The data indicate that vaginal dysbiosis may
facilitate the etiology of cervical epithelial change. Regular screening for bacterial vaginosis, particularly in high-
risk women, in conjunction with Pap smears and HPV tests, may facilitate the early detection of women
predisposed to cervical neoplasia.

Keywords: Bacterial vaginosis, HPV, cervical intraepithelial lesion, cervical cancer, vaginal microbiota, Pap

smear, Eastern India.
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Introduction

Cervical cancer is a highly avoidable but
consistently prevalent malignancy impacting
women, especially in low- and middle-income
nations such as India. Chronic infection with high-
risk human papillomavirus (HPV) is recognized as

integration, and the progression to dysplasia (Mitra
et al., 2016; Kyrgiou et al., 2017).

Bacterial vaginosis (BV) is a prevalent vaginal
disorder marked by the alteration of typical

the principal causative factor in the onset of cervical
intraepithelial neoplasia (CIN) and invasive cervical
cancer (Arbyn et al., 2020; Crosbie et al., 2013).
Recent studies indicate that the vaginal microbiota
may significantly influence HPV persistence, viral
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Lactobacillus-dominated flora and the proliferation
of anaerobic bacteria, including Gardnerella
vaginalis, Mobiluncus, and Atopobium vaginae.
Bacterial vaginosis (BV) is frequently asymptomatic
but may manifest as abnormal discharge, pruritus, or
malodor. Its clinical significance beyond mere
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symptomatic pain, encompassing implications for
pelvic inflammatory disease, negative pregnancy
outcomes, and heightened vulnerability to sexually
transmitted infections, including HPV (Margariti et
al., 2021; Brotman et al., 2014).

Numerous studies have indicated a correlational
relationship between bacterial vaginosis (BV) and
human papillomavirus (HPV) infection, presumably
attributable to mucosal inflammation, pH
dysregulation, and compromise of the epithelial
barrier, all of which may promote viral persistence
and ingress into basal keratinocytes (Oh et al., 2015;
Gillet et al., 2011; Gao et al., 2013). The lack of
protective Lactobacilli and the presence of reactive
anaerobic metabolites may undermine local
immunity, heightening the risk of progression from
HPV infection to cervical epithelial dysplasia (Chen
et al., 2021). This renders BV not merely a benign
vaginal ailment, but a potentially controllable risk
factor in cervical carcinogenesis.

In India, despite national cervical cancer screening
measures, the adoption of Pap smears remains low,
and HPV DNA testing is not routinely incorporated
into public healthcare systems (Basu et al., 2019).
Furthermore, bacterial vaginosis (BV) continues to
be underdiagnosed, particularly in asymptomatic
females (Sood et al., 2020). Considering the
significant prevalence of both BV and HPV among
reproductive-aged women, particularly in semi-
urban and rural areas, it is essential to comprehend
the interaction between microbial dysbiosis and
oncogenic viral infection in this population.

This study seeks to assess the prevalence of bacterial
vaginosis (BV) and its correlation with high-risk
human papillomavirus (HPV) infection and cervical
intraepithelial neoplasia (CIN) among women
visiting a tertiary care hospital in Eastern India. This
study aims to provide useful insights into the
multifactorial origin of cervical neoplasia through
the concurrent evaluation of Gram stain (Nugent
score), HPV testing, and cytological screening
utilizing the Bethesda system. Forming such
correlations may facilitate the incorporation of BV
screening into cervical cancer risk classification,
hence enhancing the efficacy of preventative efforts.

Materials and Methods

Research Design and Duration: This was a
prospective, cross-sectional observational study
carried out over 12 months, from January 2024 to
January 2025, in the Departments of Obstetrics and
Gynecology and Pathology at Jawahar Lal Nehru
Medical College & Hospital, Bhagalpur, Bihar. The
Institutional Ethics Committee approved the study.
All participants provided informed consent (ICMR,
2017).

Study Cohort and Sample Size: Sixty women,
aged 21 to 60 years, presenting to the gynecology
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outpatient department with complaints of vaginal
discharge, intermenstrual bleeding, or undergoing
routine cervical screening, were consecutively
enrolled during the study period.

Eligibility Criteria: Females between the ages of
21 and 60 Existence of vaginal discharge or
participation in a routine gynecological assessment
Prepared to have Pap smear, HPV testing, and
bacterial vaginosis assessment. Granted informed
written consent

Criteria for Exclusion: Expectant mothers Patients
who have utilized antibiotics, antifungals, or vaginal
douches during the past two weeks (Amsel et al.,
1983) Recognized immunosuppressive conditions
(e.g., HIV, corticosteroid treatment) Prior diagnosis
or treatment of cervical intraepithelial neoplasia or
cervical cancer

Clinical Evaluation and Specimen Acquisition:
Every participant received a comprehensive clinical
history and per speculum examination. Two distinct
high vaginal swabs and one endocervical specimen
were obtained:

For the diagnosis of bacterial vaginosis: A single
swab was utilized for the assessment of Amsel's
criteria (discharge characteristics, pH >4.5, presence
of clue cells on wet mount, amine test) (Amsel et al.,
1983). The second sample underwent Gram staining
for Nugent scoring, with a value of 7-10 being
indicative of bacterial vaginosis (BV) (Nugent et al.,
1991).

For Pap smear cytology: A cervical specimen was
obtained utilizing an Ayre's spatula and cytobrush,
preserved in 95% ethanol, and stained by the
Papanicolaou method.

The smear was analyzed according to the Bethesda
System (2014 revision) (Solomon et al., 2002).

For HPV DNA testing: A distinct cervical brush
specimen was placed in transport media and
analyzed using a PCR-based high-risk HPV DNA
assay (Castle et al., 2009).

Performance Indicators

The principal outcomes were: Prevalence of
Bacterial Vaginosis (Amsel's and Nugent criteria)
Incidence of high-risk HPV infection Existence and
classification of cytological anomalies (ASC-US,
LSIL, HSIL) Statistical correlation among bacterial
vaginosis, human papillomavirus positive, and
atypical cytology

Statistical Examination: Data were input into
Microsoft Excel and analyzed utilizing SPSS
version 25.0. Categorical variables were represented
as frequencies and percentages. The correlation
between BV, HPV, and cervical lesions was
evaluated utilizing the Chi-square test or Fisher’s
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exact test. A p-value less than 0.05 was deemed
statistically significant (Altman, 1991).

Results

The study comprised 60 women, aged between 21
and 60 years (mean age: 36.9 = 8.5 years). The
predominant presenting complaint was vaginal
discharge (65%), succeeded by pelvic discomfort
(23%) and regular screening (12%).

Incidence of Bacterial Vaginosis (BV): BV was
identified in 28 of 60 women (46.7%) according to
Amsel’s criteria and validated by Nugent grading
(7-10).

The remaining 32 women (53.3%) were classified as
BV-negative.

Results of HPV DNA Testing: Of the BV-positive
women (n = 28), 20 (71.4%) were found to be
positive for high-risk HPV.

Conversely, among BV-negative women (n = 32),
only 8 (25%) tested positive for HPV.
The correlation between bacterial vaginosis and
high-risk HPV infection was determined to be
statistically significant (p < 0.01).\

Cytological Anomalies (Pap Smear Results)
Among those who are positive for BV:

Fourteen (50%) exhibited cytological abnormalities,
including:

e-ISSN: 0976-822X, p-ISSN: 2961-6042

Five ASC-US, six LSIL, three HSIL
In patients who are negative for bacterial vaginosis:

Only 4 women (13.3%) exhibited cytological
abnormalities (2 ASC-US, 2 LSIL).

The correlation between bacterial vaginosis and
cervical epithelial abnormalities was statistically
significant (p < 0.05).

Integrated Analysis: Twelve patients exhibited the
co-occurrence of bacterial vaginosis, high-risk
human papillomavirus, and cytological
abnormalities, indicating an elevated risk for
cervical dysplasia in this cohort.

The majority of anomalies were identified in women
aged 31 to 50 years, underscoring the importance of
focused screening in this demographic.

Visual Summary: A bar chart (Figure 1) illustrates
the comparative percentages of HPV positivity and
aberrant cytology between the BV-positive and BV-
negative groups.

The Table 1 present the association between
Bacterial Vaginosis (BV), high-risk HPV infection,
and cytological abnormalities. Notably, 71.4% of
BV-positive patients were also HPV-positive, and
50% had abnormal cytology—demonstrating a
significant correlation.

Association of BV with HPV and Cervical Cytological Abnormalities
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Figure 1: Association of BV with HPV and Cervical Cytological Abnormalities
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Table 1: Comparative Analysis of BV-Positive and BV-Negative Groups

Parameter BV-Positive BV-Negative | Total
(n=28) (n=32) (n=60)
High-Risk HPV Positive 20 (71.4%) 8 (25%) 28
Cytological Abnormalities (ASC-US, LSIL, HSIL) 14 (50.0%) 4 (13.3%) 18
Co-occurrence of BV + HPV + Abnormal Cytology 12 (42.9%) 2 (6.3%) 14

Discussion

This study's findings indicate a substantial
correlation between Bacterial Vaginosis (BV), high-
risk Human Papillomavirus (HPV) infection, and
cervical epithelial irregularities. The results
corroborate the concept that alteration of the vaginal
microbiome, typical of bacterial vaginosis, may
promote HPV persistence and increase vulnerability
to cervical dysplasia (Mitra et al., 2016; Oh et al.,
2015).

In our group of 60 women, bacterial vaginosis (BV)
was identified in 46.7%, consistent with global
prevalence estimates of 20% to 50% among women
of reproductive age (Margariti et al., 2021I;
Verstraelen et al., 2010). Among BV-positive
patients, 71.4% were concurrently positive for high-
risk HPV, whereas only 25% of BV-negative
women exhibited this condition. This conclusion
was statistically significant and aligns with existing
data indicating that BV-associated vaginal dysbiosis
diminishes  mucosal  immunity,  heightens
inflammation, and hinders the clearance of HPV
(Gillet et al., 2011; Brotman et al., 2014).

The study revealed a troubling outcome: a 50%
prevalence of cytological abnormalities in the BV-
positive group, in contrast to 13.3% in the BV-
negative group. This substantiates the concept that
BV may serve as an independent cofactor in the
advancement from HPV infection to low- and high-
grade squamous intraepithelial lesions (LSIL and
HSIL) (Mitra et al., 2016; Kyrgiou et al., 2017).

The mechanism underlying this link presumably
entails a confluence of factors: bacterial vaginosis
results in the depletion of beneficial Lactobacillus
species, an elevation of anaerobic pathogens, and the
secretion of proinflammatory cytokines and
oxidative stress mediators. These alterations may
foster a favorable milieu for HPV to circumvent host
immune responses, hence augmenting the
probability of persistent infection, a recognized risk
factor for cervical intraepithelial neoplasia (CIN)
and cancer (Oh et al., 2015; Gillet et al., 2011).

The research indicated that those aged 31 to 50 years
were the most impacted by the trifecta of bacterial
vaginosis, human papillomavirus, and cervical
intraepithelial neoplasia. This age range is generally
when women undergo maximum sexual activity and
hormonal fluctuations that may also affect the
makeup of vaginal flora (Brotman et al., 2014).
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The ramifications of our findings are substantial:
screening for bacterial vaginosis in conjunction with
Pap smear and HPV tests may function as an early
detection mechanism for cervical dysplasia.
Furthermore, the timely treatment of BV in high-risk
women may significantly diminish HPV persistence
and the ensuing risk of CIN progression (Gao et al.,
2013). Although additional longitudinal studies are
required to confirm a causal association, our
findings contribute to the accumulating evidence
advocating for the incorporation of microbiome
screening in cervical cancer prevention initiatives.

A weakness of this study is its restricted sample size
and single-center design, which may hinder
generalizability. The  statistically  significant
relationships identified necessitate bigger, multi-
center prospective studies to validate and elaborate
on these findings.

Conclusion

This study highlights a substantial correlation
between Bacterial Vaginosis (BV), high-risk Human
Papillomavirus (HPV) infection, and cervical
epithelial abnormalities. In women diagnosed with
bacterial vaginosis (BV), the prevalence of HPV
positive (71.4%) and cytological abnormalities
(50%) was significantly elevated compared to those
without BV. These findings corroborate the
increasing evidence indicating that vaginal
microbial dysbiosis may enable HPV survival and
advance the progression to cervical intraepithelial
neoplasia (CIN).

Considering the ease and cost-effectiveness of BV
screening (Amsel’s criteria, Nugent score), its
incorporation  into  standard  gynecological
assessments—especially ~ for  high-risk  and
symptomatic women—may act as an early marker
for possible cervical epithelial changes. The
integration of Pap smear, HPV testing, and
microbiome evaluation can augment the sensitivity
of current cervical cancer prevention methods.

In resource-constrained environments such as
Eastern India, where structured HPV vaccination
and screening initiatives are still developing,
incorporating BV diagnosis and therapy within
cervical health regimens may offer a critical
intervention  for risk  mitigation.  Timely
identification and intervention for BV may provide
a prophylactic function by reestablishing vaginal
flora, enhancing local immunity, and possibly
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mitigating the

advancement of HPV-related

diseases.

Future multi-center and longitudinal studies with
bigger sample numbers are essential to establish
causality and investigate if the treatment of BV
results in enhanced HPV clearance and diminished
progression to CIN or cervical cancer. This study
promotes comprehensive gynecological treatment
encompassing microbiological, virological, and
cytological monitoring for at-risk women.
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