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Abstract

We evaluated the prevalence and determinants of bacterial vaginosis (BV) in HIV-infected women from Maharashtra,

India. Among 912 HIV-infected women enrolled, BV was diagnosed in 191 (20.9%) and intermediate BV was diagnosed in

258 (28.3%) women. Women with more than two pregnancies had 1.6 times increased risk of BV (95% CI 1.0, 2.5,

p-value 0.038), women who were menopausal had 6.2 times increased risk of BV (95% CI 2.4, 15.6, p-value <0.001) and

women who were human papillomavirus (HPV) positive had 2.3 times increased risk of BV (95% CI 1.4, 3.9, p-value

0.001). Although we observed significantly increased risk of BV among women diagnosed with cervical intraepithelial

neoplasia or worse disease in the univariate analysis (odds ratio 3.5, 95% CI 1.5, 8.1, p-value 0.004), it did not reach

statistical significance in the multivariate analysis. Women who had the first sexual intercourse after the age of 18 had

significantly lower risk of BV. To conclude, we observed high prevalence of BV in HIV-infected women and increased risk

of BV in HPV positive, HIV-infected women.
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Introduction

Among the women of reproductive age, bacterial vag-

inosis (BV) is the most common cause of vulvovagini-

tis.1 The aetiopathology of BV is still being debated

and the epidemiologic data support sexual transmis-

sion; however, disagreement exists.2 BV may be consid-

ered a sexually enhanced disease, with frequency of

intercourse being a critical factor.3 Associations

between BV and factors such as ethnicity, intra-

vaginal douching, new sexual partners, multiple sex

partners and unprotected vaginal intercourse have

been reported.4,5 Globally, the prevalence of BV

varies considerably between countries, regions within

countries and ethnic groups, and it can be as high as

60% in certain regions.6 This variation is because of the

differences in the biological, behavioural, medical,

social and economic factors.2

BV is characterized by an imbalance in the normal

vaginal flora. The normal vaginal flora consists of lactic

acid- and hydrogen peroxide (H2O2)-producing

lactobacilli. BV is associated with reduction in the
normal vaginal flora and concurrent increase in vaginal
anaerobic flora. Clinically, BV is characterized by the
presence of three of the four criteria which include dis-
charge (thin, homogenous, uniformly adherent, white
discharge), vaginal pH> 4.5, fishy odour on addition
of 10% potassium hydroxide (KOH) and 20% clue
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cells (epithelial cell margins obscured by bacteria) on
microscopic examination of vaginal smear.7 However,
about 50% of the women with BV do not have any
symptoms,8 hence its control is difficult and it remains
untreated. Therefore, a standardized scoring system for
the interpretation of Gram-stained vaginal smears
called as Nugent’s scoring has been introduced.9

Nugent’s scoring is the gold standard for the laborato-
ry diagnosis of BV.

BV has been associated with an increased risk of
human immunodeficiency virus (HIV) acquisition10

and transmission.11 But the studies that concluded
increased risk of HIV transmission to the HIV-
uninfected partner were done when women living
with HIV did not receive highly active antiretroviral
therapy (HAART) which reduces the HIV transmission
significantly.12 A recent study from Denmark has
shown that in women who are on HAART, presence
of BV, human papillomavirus (HPV) and herpes viri-
dae does not predict vaginal HIV RNA shedding
implying that HIV shedding is not increased by BV in
women on HAART.12 But women with BV are at an
increased risk of acquiring various other sexually trans-
mitted infections (STIs) such as herpes simplex virus
type 2,13 Trichomonas vaginalis, Neisseria gonor-
rhoeae14–16 and Chlamydia trachomatis.16 This
increased risk is possibly because of the inflammation
of the genital mucosa.17 BV also increases the risk of
adverse obstetric and gynaecological outcomes such as
preterm delivery, complications of gynaecological sur-
geries and pelvic inflammatory disease.18,19

A high prevalence of BV between 35 and 49% has
been reported from a large study conducted among
more than 37,000 women in sub-Saharan Africa.20 A
meta-analysis of studies for the risk factors of BV has
reported that BV is significantly associated with sexual
contact with a new partner or multiple sexual partners
and that decreasing the number of unprotected sexual
encounters may reduce incident and recur-
rent infection.4

Very few studies in India have reported BV preva-
lence among women and it was 8.6 and 20.5% among
pregnant women attending two different antenatal clin-
ics in North India, respectively.21,22 The prevalence of
BV ranged from 17 to 19% among women from the
general population23,24 and among female sex workers,
it was 45%.25 To our knowledge, only one study in
India has reported the prevalence of BV in HIV-
infected women and it was 47.7%.26 Having highlight-
ed the negative effects of BV on the reproductive health
and the evidence suggesting BV and HIV/STI control
plus a dearth of data on this aspect in India, we are
reporting the prevalence and risk factors of BV in
HIV-infected women from a cross-sectional study con-
ducted in Maharashtra, India.

Material and methods

The study was reviewed and approved by the ethical
review committees of Hirabai Cowasji Jehangir
Medical Research Institute (HCJMRI) and Prayas
Health Group, Pune, India and that of the
International Agency for Research on Cancer of the
WHO, Lyon, France. Screening was initiated on 9
September 2010 and completed on 3 November 2011.
Our study procedures have been described earlier.27

The study was conducted at a designated study clinic
in Pune, India where consecutive, serologically con-
firmed HIV-infected women were enrolled in the study.

We contacted physicians treating HIV-infected
women as well as various non-governmental organiza-
tions (NGOs) working for HIV-infected individuals in
high HIV prevalent districts in Maharashtra state, and
they were informed about the need for screening HIV-
infected women for cervical cancer and the study pro-
cedures. Group meetings of HIV-infected women were
arranged by the NGOs; a study specific social worker
attended these meetings and educated women with the
help of a user friendly, pictorial flip chart. Women will-
ing to get enrolled were referred to the study clinic in
groups by the NGOs and their travel expenses
were reimbursed.

HIV-infected women in the age group of 21–60,
having an intact uterus, who were not pregnant and
had not received any prior treatment for cervical intra-
epithelial neoplasia (CIN) or cervical cancer, were eli-
gible for the study. They were explained the study
objectives and procedures, and their written informed
consent was obtained. They were interviewed for socio-
demographic, sexual, reproductive, medical and HIV
infection-related characteristics using a structured
questionnaire by a female social worker.

Cervical cell samples were collected following the
manufacturer’s instructions (Qiagen) using a cervical
brush provided by the manufacturer after exposing
the cervix with a cusco vaginal speculum and the
brush was placed in a specimen transport medium
(STM) for HPV DNA detection by the Hybrid
Capture 2 (HC2) test. A vaginal sample was collected
from the lateral vaginal wall and posterior fornix with a
sterile cotton swab for smear preparation and rolled on
a glass slide for Nugent’s scoring.

Women presenting with any reproductive tract
infection (RTI) or STI were offered treatment follow-
ing the WHO guidelines for STIs.28 Procedures for cer-
vical cancer screening, colposcopy, biopsy, treatment
for CIN and histopathology reporting of cervical
biopsy specimens have been described in our previous
publications of this study.27

The air dried slides for Nugent’s scoring were trans-
ported to the laboratory at room temperature where
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they were stained by Gram stain, and reporting was
done following Nugent’s criteria by a microbiologist
who was blinded to the study data. Each Gram-
stained smear was evaluated for the following morpho-
types under oil immersion (1000� magnification): large
Gram-positive rods (Lactobacillus morphotypes),
small Gram-negative to Gram-variable rods
(Bacteroides spp. and Gardnerella vaginalis morpho-
types) and curved Gram variable rods (Mobiluncus
spp. morphotypes). Each morphotype was quantitated
from 1 to 4þ with regard to the number of morpho-
types per oil immersion field (0, no morphotypes; 1þ,
less than 1 morphotype; 2þ, 1–4 morphotypes; 3þ,
5–30 morphotypes; 4þ, 30 or more morphotypes) by
a microbiologist. The scoring criteria summed the
weighted quantitation (0, 1 to 4þ) of the three morpho-
types to yield a score of 0–10 for each person. The
criterion for BV was a score of 7 or higher; a score of
4–6 was considered intermediate, and a score of 0–3
was considered normal.

The Gram stain reagents were checked weekly and
whenever a new lot of stain was put into use. The
reagents were evaluated by staining the recommended
bacterial strains: Staphylococcus aureus ATCC 25923
and Escherichia coli ATTC 25922. Gram stain quality
control was performed with every run of samples with
the ATCC controls. The Gram stain slides were
reported by an independent microbiologist who was
trained using the training set of slides provided by the
Microbicide Trials Network and was blinded to any
other data including HPV test report or CIN status.
In case of any doubt, the slides were seen by two
other expert microbiologists for a consensus
in reporting.

The STM containing cervical cells was tested by the
HC2 assay for 13 high-risk HPV types (16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59 and 68) as per the manu-
facturer’s instructions (Digene Corporation, USA) at
the Nargis Dutt Memorial Cancer Hospital, Barshi.
A positive result was recorded for specimens with a
ratio of relative light unit to a positive control of 1 or
more, corresponding to 5000 or more viral copies.

Data were entered using Access 2000 software and
statistical analysis was carried out using STATA soft-
ware, version 14.2 (StataCorp, College Station, Texas,
USA). Two different endpoints were assessed that
included intermediate BV and BV. Odds ratios (ORs)
together with their 95% confidence intervals (CIs)
obtained from multinomial logistic regression models
were used to assess the effect of socio-demographic,
sexual, reproductive, medical and HIV
infection-related characteristics on intermediate BV
and BV infection. Factors that had p-value <0.2 in
the univariate analysis plus age, ART status and base-
line CD4 cell count, a priori selected, were included in

the multivariate regression model to determine the fac-
tors that independently affect intermediate BV and BV.
In these regression analyses, participants with neither
intermediate BV nor BV were used as the base outcome
indicating that for the assessment of the participants’
factors affecting a particular endpoint (intermediate
BV or BV), only data for participants with none of
the endpoints and those with that particular endpoint
were used.

Results

The characteristics of the 912 women enrolled (mean
age 34.6, SD: 6.3; range: 21–62) and the distribution of
intermediate BV and BV are given in Table 1. Majority
of the enrolled women (688/912, 75.4%) were between
30 and 44 years of age, 157/912 (17.2%) were less than
30 years old and 67/912 (7.3%) were above the age of
45. There were 332/912 (36.4%), 184/912 (20.2%) and
396/912 (43.4%) women from rural, semi-urban and
urban areas, respectively.

The study participants hailed from different regions
of the state of Maharashtra in India and BV was diag-
nosed in 191/912 (20.9%, 95% CI 18.3, 23.7) women,
of them 22.0, 7.3, 21.0 and 20.0% women were from
Western Maharashtra/Desh, Marathwada, Khandesh/
North Maharashtra and Konkan regions, respectively.
Among those diagnosed with BV, 22.9% (95% CI 18.5,
28.8), 19.6 (95% CI 14.1, 26.0) and 19.9% (95% CI
16.1, 24.2) women were from rural, semi-urban and
urban settings. BV was diagnosed among 22.9%
(95% CI 16.6, 30.3), 20.3% (95% CI 17.4, 23.6) and
22.4% (95% CI 13.1, 34.2) women aged <30, 30–44
and >45þ, respectively. BV was diagnosed among
25.2% (95% CI 17.5, 34.4) women who had some edu-
cation and 20.3% (95% CI 17.6, 23.3) women who
were illiterate. BV was diagnosed among 17.1% (95%
CI 14.3, 20.2) women who had a negative HC2 test
report and 31.4% (95% CI 25.7, 37.6) women who
had a positive HC2 test report. Among the women
diagnosed with CIN 1, CIN 2 and CIN 3 or worse
disease, BV was diagnosed among 28.6% (95% 14.6,
46.3), 25.0% (95% CI 11.5, 43.4) and 38.2% (95% CI
22.2, 56.4) women, respectively.

Intermediate BV was diagnosed in 258/912 (28.3%,
95% CI 25.4, 31.3) women and 27.2, 30.9, 31.9 and
34.3% women with intermediate BV were from
Western Maharashtra/Desh, Marathwada, Khandesh/
North Maharashtra and Konkan regions, respectively.
Among the women from rural, semi-urban and urban
settings, 32.5, 27.7 and 25.0% were diagnosed with
intermediate BV. The distribution of intermediate BV
among women with age categories was as follows:
30.6% (95% CI 23.5, 38.4), 27.3% (95% CI 24.0,
30.8) and 32.8% (95% CI 21.8, 45.4) participants
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Table 1. Characteristics of women and the distribution of intermediate BV and BV.

Patient characteristics

Women

assessed
Women with intermediate BV Women with BV

n n Percentage (95% CI) n Percentage (95% CI)

Women assessed 912 258 28.3 (25.4–31.3) 191 20.9 (18.3–23.7)

Geographic location in Maharashtra

Western Maharashtra/Desh 703 191 27.2 (23.9–30.6) 155 22.0 (19.0–25.3)

Marathwada 55 17 30.9 (19.1–44.8) 4 7.3 (2.0–17.6)

Khandesh/North Maharashtra 119 38 31.9 (23.7–41.1) 25 21.0 (14.1–29.4)

Konkan 35 12 34.3 (19.1–52.2) 7 20.0 (8.4–36.9)

Setting

Rural 332 108 32.5 (27.5–37.9) 76 22.9 (18.5–27.8)

Semi-urban 184 51 27.7 (21.4–34.8) 36 19.6 (14.1–26.0)

Urban 396 99 25.0 (20.8–29.6) 79 19.9 (16.1–24.2)

Age (years)

<30 157 48 30.6 (23.5–38.4) 36 22.9 (16.6–30.3)

30–44 688 188 27.3 (24.0–30.8) 140 20.3 (17.4–23.6)

45þ 67 22 32.8 (21.8–45.4) 15 22.4 (13.1–34.2)

Education

Some education 111 32 28.8 (20.6–38.2) 28 25.2 (17.5–34.4)

Illiterate 801 226 28.2 (25.1–31.5) 163 20.3 (17.6–23.3)

Marital status

Married 457 132 28.9 (24.8–33.3) 84 18.4 (14.9–22.2)

Unmarried/widowed/separated 454 126 27.8 (23.7–32.1) 107 23.6 (19.7–27.7)

Age at first sexual intercourse

<18 336 102 30.4 (25.5–35.6) 94 28.0 (23.2–33.1)

18þ 570 156 27.4 (23.7–31.2) 96 16.8 (13.9–20.2)

Total no. of lifetime sexual partners

1 851 241 28.3 (25.3–31.5) 178 20.9 (18.2–23.8)

2þ 57 17 29.8 (18.4–43.4) 12 21.1 (11.4–33.9)

Use of tobacco

No 771 214 27.8 (24.6–31.1) 154 20.0 (17.2–23.0)

Yes 141 44 31.2 (23.7–39.5) 37 26.2 (19.2–34.3)

Total number of pregnancies

0–1 313 80 25.6 (20.8–30.8) 50 16.0 (12.1–20.5)

2þ 599 178 29.7 (26.1–33.6) 141 23.5 (20.2–27.1)

Miscarriages

No 501 148 29.5 (25.6–33.7) 101 20.2 (16.7–23.9)

Yes 407 108 26.5 (22.3–31.1) 89 21.9 (17.9–26.2)

Date of last menstruation

<12 months ago 847 241 28.5 (25.4–31.6) 164 19.4 (16.8–22.2)

>12 months ago 61 16 26.2 (15.8–39.1) 24 39.3 (27.1–52.7)

Time since diagnosis of HIV infection (in years)

1–2 183 60 32.8 (26.0–40.1) 42 23.0 (17.1–29.7)

3–4 203 61 30.0 (23.8–36.9) 48 23.6 (18.0–30.1)

5–10 404 98 24.3 (20.2–28.7) 80 19.8 (16.0–24.0)

11–16 116 38 32.8 (24.3–42.1) 19 16.4 (10.2–24.4)

Baseline absolute CD4 cell count (cells/mm3)

500þ 461 111 24.1 (20.2–28.2) 98 21.3 (17.6–25.3)

200–499 342 118 34.5 (29.5–39.8) 70 20.5 (16.3–25.1)

<200 62 18 29.0 (18.2–41.9) 12 19.4 (10.4–31.4)

ART status

Not on ART 230 71 30.9 (25.0–37.3) 54 23.5 (18.2–29.5)

On ART 661 181 27.4 (24.0–31.0) 133 20.1 (17.1–23.4)

Duration on ART (years)

No 230 71 30.9 (25.0–37.3) 54 23.5 (18.2–29.5)

<1 104 31 29.8 (21.2–39.6) 23 22.1 (14.6–31.3)

(continued)
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with intermediate BV were <30, 30–44, 45þ years of

age, respectively. Majority of the women (801/912,

87.8%) were illiterate and intermediate BV was diag-

nosed among 28.8% (95% CI 20.6, 38.2) women who

had some education and 28.2% (95% CI 25.1, 31.5)

women who were illiterate. Intermediate BV was diag-

nosed in 27.3% (95% CI 23.9, 30.8) women who had a

negative HC2 test report and 31.0% (95% CI 25.3,

37.2) women who had a positive HC2 test report.

Among the women diagnosed with CIN 1, CIN 2 and

CIN 3 or worse disease, intermediate BV was diag-

nosed among 25.7% (95% CI 12.5, 43.3), 40.6%

(95% CI 23.7, 59.4) and 32.4% (95% CI 17.4, 50.5)

women, respectively.
Other participant characteristics described in

Table 1 are marital status, age at first sexual contact,

total number of lifetime partners, use of tobacco, total

number of pregnancies, miscarriages, date of last men-

struation and their HIV-related history, such as time

since the diagnosis of HIV infection, baseline absolute

CD4 cell count, whether on antiretroviral therapy

(ART) or not on ART, absolute CD4 cell count at

the start of ART, history of any opportunistic infec-

tions, their clinical staging of HIV according to the

WHO and signs of RTI.
Table 2 presents the determinants of intermediate

BV and BV in a univariate multinomial logistic regres-

sion analysis. Women from Marathwada region had

significantly lower risk of BV (Crude OR 0.3, 95%

CI 0.1, 0.8, p-value 0.015) when compared with

Western Maharashtra/Desh. Women who had their

first sexual intercourse after the age of 18 had signifi-

cantly lower risk of BV (Crude OR 0.4, 95% CI 0.3,

0.6, p-value <0.001) as compared to those who had

their first sexual intercourse before the age of 18.

Women who reported use of tobacco had 1.6 times

increased risk of BV (95% CI 1.0, 2.5, p-value 0.037)

as compared to those who did not report use of tobac-

co. Women who reported more than two pregnancies

had 1.8 times increased risk of BV (95% CI 1.3, 2.7,

p-value <0.001). Women who were menopausal had

significantly increased risk of BV (Crude OR 3.1,

95% CI 1.7, 5.7, p-value <0.001). Women who had

history of opportunistic infections in the past had 1.6

Table 1. Continued.

Patient characteristics

Women

assessed
Women with intermediate BV Women with BV

n n Percentage (95% CI) n Percentage (95% CI)

1–2 113 36 31.9 (23.4–41.3) 20 17.7 (11.2–26.0)

2–3 113 31 27.4 (19.5–36.6) 22 19.5 (12.6–28.0)

3–4 97 24 24.7 (16.5–34.5) 21 21.6 (13.9–31.2)

4–5 60 12 20.0 (10.8–32.3) 12 20.0 (10.8–32.3)

5þ 148 43 29.1 (21.9–37.1) 30 20.3 (14.1–27.7)

Absolute CD4 cell count at start of ART (cells/mm3)

200þ 207 53 25.6 (19.8–32.1) 43 20.8 (15.5–26.9)

<200 363 104 28.7 (24.1–33.6) 76 20.9 (16.9–25.5)

History of opportunistic infections

No 561 162 28.9 (25.2–32.8) 102 18.2 (15.1–21.6)

Yes 351 96 27.4 (22.8–32.3) 89 25.4 (20.9–30.2)

WHO clinical staging

I 580 167 28.8 (25.1–32.7) 106 18.3 (15.2–21.7)

II–IV 331 90 27.2 (22.5–32.3) 85 25.7 (21.1–30.7)

Signs of RTI/STI

No 803 233 29.0 (25.9–32.3) 165 20.5 (17.8–23.5)

Yes 109 25 22.9 (15.4–32.0) 26 23.9 (16.2–33.0)

Baseline Hybrid Capture II report

Negative 667 182 27.3 (23.9–30.8) 114 17.1 (14.3–20.2)

Positive 245 76 31.0 (25.3–37.2) 77 31.4 (25.7–37.6)

Baseline final diagnosis

Normal 811 225 27.7 (24.7–31.0) 160 19.7 (17.0–22.6)

CIN 1 35 9 25.7 (12.5–43.3) 10 28.6 (14.6–46.3)

CIN 2 32 13 40.6 (23.7–59.4) 8 25.0 (11.5–43.4)

CIN 3 or worse 34 11 32.4 (17.4–50.5) 13 38.2 (22.2–56.4)

ART: antiretroviral therapy; BV: bacterial vaginosis; CD4: cluster of differentiation 4; CI: confidence interval; CIN: cervical intraepithelial neoplasia; HIV:

human immunodeficiency virus; HPV: human papilloma virus; RTI: reproductive tract infection; STI: sexually transmitted infection; WHO: World Health

Organization.
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Table 2. Determinants of bacterial vaginosis in a univariate multinomial logistic regression analysis.

Patient characteristics
Intermediate BV endpoint BV endpoint

Crude odds ratio (95% CI) p-value Crude odds ratio (95% CI) p-value

Geographic location in Maharashtra

Western Maharashtra/Desh 1.0 1.0

Marathwada 0.9 (0.5–1.7) 0.827 0.3 (0.1–0.8) 0.015

Khandesh/North Maharashtra 1.3 (0.8–2.0) 0.298 1.0 (0.6–1.7) 0.914

Konkan 1.4 (0.6–3.0) 0.389 1.0 (0.4–2.5) 0.987

Setting

Rural 1.0 1.0

Semi-urban 0.7 (0.5–1.1) 0.126 0.7 (0.5–1.2) 0.178

Urban 0.6 (0.4–0.9) 0.007 0.7 (0.5–1.0) 0.071

Age (years)

<30 1.0 1.0

30–44 0.8 (0.5–1.2) 0.264 0.8 (0.5–1.2) 0.295

45þ 1.1 (0.6–2.2) 0.746 1.0 (0.5–2.1) 0.971

Education

Some education 1.0 1.0

Illiterate 0.9 (0.5–1.4) 0.576 0.7 (0.4–1.2) 0.195

Marital status

Married 1.0 1.0

Unmarried/widowed/separated 1.0 (0.8–1.4) 0.796 1.4 (1.0–1.9) 0.057

Age at first sexual intercourse

<18 1.0 1.0

18þ 0.7 (0.5–0.9) 0.015 0.4 (0.3–0.6) <0.001

Total no. of lifetime sexual partners

1 1.0 1.0

2þ 1.1 (0.6–2.0) 0.790 1.0 (0.5–2.1) 0.912

Use of tobacco

No 1.0 1.0

Yes 1.4 (0.9–2.1) 0.135 1.6 (1.0–2.5) 0.037

Total number of pregnancies

0–1 1.0 1.0

2þ 1.5 (1.1–2.0) 0.023 1.8 (1.3–2.7) 0.001

Miscarriages

No 1.0 1.0

Yes 0.9 (0.6–1.2) 0.399 1.1 (0.8–1.5) 0.747

Date of last menstruation

<12 months ago 1.0 1.0

>12 months ago 1.4 (0.7–2.7) 0.327 3.1 (1.7–5.7) <0.001

Time since diagnosis of HIV infection (years)

1–2 1.0 1.0

3–4 0.9 (0.6–1.4) 0.576 1.0 (0.6–1.6) 0.953

5–10 0.6 (0.4–0.9) 0.010 0.7 (0.4–1.1) 0.098

11–16 0.9 (0.5–1.5) 0.603 0.6 (0.3–1.2) 0.143

Baseline absolute CD4 cell count (cells/mm3)

500þ 1.0 1.0

200–499 1.7 (1.3–2.4) 0.001 1.2 (0.8–1.7) 0.404

<200 1.3 (0.7–2.4) 0.439 1.0 (0.5–1.9) 0.919

ART status

Not on ART 1.0 1.0

On ART 0.8 (0.5–1.1) 0.147 0.7 (0.5–1.1) 0.134

Duration on ART (years)

No ART 1.0 1.0

<1 0.9 (0.5–1.6) 0.753 0.9 (0.5–1.6) 0.712

1–2 0.9 (0.6–1.6) 0.795 0.7 (0.4–1.3) 0.216

(continued)
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times increased risk of BV (95% CI 1.1, 2.2, p-value

0.011) as compared to those who did not have it in the

past. Women who were in the category of WHO clin-

ical staging II–IV had 1.6 times increased risk of BV

(95% CI 1.1, 2.2, p-value 0.009). Women who had

HPV infection had 2.7 times increased risk of BV

(95% CI 1.9, 3.9, p-value <0.001). Women with the

diagnosis of CIN and worse disease had 3.5 times

increased risk of BV (95% CI 1.5, 8.1, p-value 0.004).
When the risk of intermediate BV in the univariate

multinomial logistic regression analysis was assessed,

women from the urban region had significantly lower

risk of intermediate BV (Crude OR 0.6, 95% CI 0.4,

0.9, p-value 0.007). Women who had their first sexual

intercourse after the age of 18 had significantly lower

risk of intermediate BV (Crude OR 0.7, 95% CI 0.5,

0.9, p-value 0.015). Women who reported more

than two pregnancies had 1.5 times increased risk of

intermediate BV (95% CI 1.1, 2.0, p-value 0.023).

Women who had been diagnosed with the HIV infec-

tion in the previous 5–10 years had lower risk of inter-

mediate BV (Crude OR 0.6, 95% CI 0.4, 0.9, p-value

0.010). Women with baseline absolute CD4 cell count

between 200 and 499 had 1.7 times increased risk of

intermediate BV (95% CI 1.3, 2.4, p-value 0.001) as

compared to women who had their CD4 cell count

more than 500. When we considered the HPV infection

status and risk of intermediate BV in the univariate

analysis, women who were HPV positive by HC2 test

had 1.7 times increased risk of intermediate BV (95%

CI 1.2, 2.4, p-value 0.004).
Table 3 presents the determinants of BV and interme-

diate BV in multivariate multinomial logistic regression

analysis. Women who had their first sexual intercourse

after the age of 18 had significantly lower risk of BV

(AOR 0.4, 95% CI 0.3, 0.7, p-value<0.001) as compared

to those who had their age at first sex below 18years of

age. Women with more than two pregnancies had 1.6

times increased risk of BV (95% CI 1.0, 2.5, p-value

0.038), and women who had their last menstruation

more than 12months ago had 6.2 times increased risk

of BV (95% CI 2.4, 15.6, p-value <0.001). Women who

tested positive by HC2 test had 2.3 times increased risk

of BV (95% CI 1.4, 3.9, p-value 0.001).
We did not find statistically significant increased risk

of intermediate BV among women with any of the

Table 2. Continued.

Patient characteristics
Intermediate BV endpoint BV endpoint

Crude odds ratio (95% CI) p-value Crude odds ratio (95% CI) p-value

2–3 0.8 (0.5–1.3) 0.318 0.7 (0.4–1.3) 0.260

3–4 0.7 (0.4–1.2) 0.189 0.8 (0.4–1.4) 0.433

4–5 0.5 (0.2–1.0) 0.054 0.6 (0.3–1.3) 0.245

5þ 0.8 (0.5–1.4) 0.501 0.8 (0.5–1.3) 0.358

Absolute CD4 cell count at start of ART (cells/mm3)

200þ 1.0 1.0

<200 1.2 (0.8–1.8) 0.401 1.1 (0.7–1.7) 0.758

History of opportunistic infections

No 1.0 1.0

Yes 1.1 (0.8–1.5) 0.717 1.6 (1.1–2.2) 0.011

WHO clinical staging

I 1.0 1.0

II–IV 1.1 (0.8–1.5) 0.719 1.6 (1.1–2.2) 0.009

Signs of RTI/STI

No 1.0 1.0

Yes 0.7 (0.5–1.2) 0.254 1.1 (0.7–1.8) 0.706

Baseline Hybrid Capture II report

Negative 1.0 1.0

Positive 1.7 (1.2–2.4) 0.004 2.7 (1.9–3.9) <0.001

Baseline final diagnosis

Normal 1.0 1.0

CIN 1 1.1 (0.5–2.4) 0.882 1.7 (0.7–3.7) 0.218

CIN 2 2.2 (1.0–5.1) 0.054 1.9 (0.8–4.9) 0.163

CIN 3 or worse 2.1 (0.9–5.0) 0.099 3.5 (1.5–8.1) 0.004

ART: antiretroviral therapy; BV: bacterial vaginosis; CD4: cluster of differentiation 4; CI: confidence interval; CIN: cervical intraepithelial neoplasia; HIV:

human immunodeficiency virus; HPV: human papilloma virus; RTI: reproductive tract infection; STI: sexually transmitted infection; WHO: World Health

Organization.
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Table 3. Determinants of bacterial vaginosis in a multivariate multinomial logistic regression analysis.

Patient characteristics
Intermediate BV endpoint BV endpoint

Adjusted odds ratio (95% CI) p-value Adjusteda odds ratio (95% CI) p-value

Geographic location in Maharashtra

Western Maharashtra/Desh 1.0 1.0

Marathwada 1.1 (0.5–2.3) 0.812 0.4 (0.1–1.4) 0.158

Khandesh/North Maharashtra 1.2 (0.7–2.0) 0.483 1.0 (0.6–1.9) 0.909

Konkan 1.5 (0.6–3.6) 0.372 1.1 (0.4–3.3) 0.799

Setting

Rural 1.0 1.0

Semi-urban 1.0 (0.6–1.6) 0.985 1.1 (0.6–2.0) 0.680

Urban 0.9 (0.6–1.4) 0.629 1.0 (0.6–1.6) 0.911

Age (years)

<30 1.0 1.0

30–44 0.8 (0.5–1.2) 0.264 0.9 (0.5–1.5) 0.666

45þ 0.6 (0.2–1.6) 0.285 0.4 (0.1–1.1) 0.084

Education

Some education 1.0 1.0

Illiterate 1.2 (0.7–2.1) 0.567 1.1 (0.6–2.1) 0.722

Marital status

Married 1.0 1.0

Unmarried/widowed/separated 0.8 (0.6–1.2) 0.346 0.9 (0.6–1.4) 0.721

Age at first sexual intercourse

<18 1.0 1.0

18þ 0.8 (0.5–1.2) 0.231 0.4 (0.3–0.7) <0.001

Use of tobacco

No 1.0 1.0

Yes 1.2 (0.7–1.9) 0.576 1.2 (0.7–2.1) 0.523

Total number of pregnancies

0–1 1.0 1.0

2þ 1.5 (1.0–2.3) 0.030 1.6 (1.0–2.5) 0.038

Date of last menstruation

<12 months ago 1.0 1.0

>12 months ago 2.0 (0.8–5.2) 0.135 6.2 (2.4–15.6) <0.001

Time since diagnosis of HIV infection (in years)

1–2 1.0 1.0

3–4 1.3 (0.8–2.3) 0.295 1.3 (0.7–2.5) 0.412

5–10 0.8 (0.5–1.3) 0.406 0.9 (0.5–1.6) 0.671

11–16 1.6 (0.8–3.2) 0.165 1.0 (0.5–2.3) 0.920

Baseline absolute CD4 cell count (cells/mm3)

500þ 1.0 1.0

200–499 1.5 (1.0–2.2) 0.032 1.0 (0.6–1.5) 0.922

<200 0.8 (0.3–1.6) 0.470 0.4 (0.2–1.1) 0.074

Duration on ART (in years)

No ART 1.0 1.0

<1 0.9 (0.5–1.8) 0.799 1.0 (0.5–2.0) 0.913

1–2 1.0 (0.5–1.7) 0.918 0.6 (0.3–1.3) 0.186

2–3 0.8 (0.4–1.4) 0.339 0.6 (0.3–1.2) 0.133

3–4 0.7 (0.3–1.3) 0.225 0.8 (0.4–1.5) 0.435

4–5 0.6 (0.3–1.4) 0.273 0.7 (0.3–1.7) 0.406

5þ
History of opportunistic infections

No 1.0 1.0

Yes 1.1 (0.4–3.3) 0.872 1.7 (0.5–5.8) 0.367

(continued)
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characteristics except for those women who had more

than two pregnancies (AOR 1.5, 95% CI 1.0, 2.3,

p-value 0.030) and women who had their absolute

CD4 cell count between 200 and 499 (AOR 1.5, 95%

CI 1.0, 2.2, p-value 0.032).
Conversely, we also analysed data to see if women

with BV had an increased risk of HPV infection (data

not shown). Of the 912 women assessed, 77/191

(40.3%) women with BV were infected with high-risk

HPV as assessed by the HC2 test. Women with BV had

2.7 times (95% CI 1.9–3.9, p-value <0.0001) increased

risk of HPV infection in the crude multinomial multi-

variate analysis and 3.1 (95% CI 2.1–4.6, p-value

<0.0001) times increased risk of HPV infection in the

adjusted multinomial multivariate analysis (data

not shown).

Discussion

In our study, about a fifth of the HIV-infected women

were diagnosed with BV. When the ‘clinical iceberg’

concept of adverse health outcomes is applied to BV,

the burden of BV is likely to be much more with molec-

ular methods than what is diagnosed by Amsel’s or

Nugent’s criteria.29 Since BV increases the risk of

other STIs, it is important that at least symptomatic

women are treated appropriately following syndromic

management guidelines28 in order to reduce their risk

of acquiring other STIs and associated co-morbidities.
Factors found independently associated with BV and

that increased the risk of BV in HIV-infected women

were more than two pregnancies, menopause and HPV

infection. Women who reported their age at first sex

after the age of 18 had significantly lower risk of BV

as compared to those who had first sex prior to
18 years of age. Younger age at sexual intercourse has

been previously shown as a risk factor for BV.30 The risk
of BV was significantly higher in menopausal women
suggesting that reproductive hormones might be playing
a protective role against BV. There have been previous
reports of early menopause in HIV-infected women due
to HIV-related immunodeficiency.3 Increasing preva-
lence of BV as age advances has also been reported pre-
viously among general population.31

Another important finding of our study is about the
intermediate BV being present in about one-fourth of
the women. It is estimated that about one-third of

women with intermediate BV are likely to proceed to
BV,32 and many authors feel that an intermediate BV
should also be included as abnormal given the high rate
of transition to BV. Although our univariate analysis
showed increased risk of intermediate BV among sev-
eral characteristics of HIV-infected women, the multi-
variate analysis showed increased risk of intermediate
BV only among women who had their CD4 cell count

between 200 and 499.
The prevalence of BV varies among reproductive

aged women in different parts of the world but it is

the most common infection among women. In a
study from Kenya that evaluated 1063 HIV-infected
women from 39 large HIV care programmes, 17.4%
women were detected with BV33 whereas a study
from the US has reported much higher prevalence of
BV (47.8%) among HIV-infected women.34 A long-
term follow-up study that evaluated the impact of
HIV infection on BV has shown that HIV infection

does not predispose to BV and BV is associated with
behavioural and cultural factors.35

Table 3. Continued.

Patient characteristics
Intermediate BV endpoint BV endpoint

Adjusted odds ratio (95% CI) p-value Adjusteda odds ratio (95% CI) p-value

WHO clinical staging

I 1.0 1.0

II–IV 1.1 (0.4–3.5) 0.841 1.1 (0.3–3.6) 0.918

Baseline Hybrid Capture II report

Negative 1.0 1.0

Positive 1.3 (0.8–2.1) 0.252 2.3 (1.4–3.9) 0.001

Baseline final diagnosis

Normal 1.0 1.0

CIN 1 1.1 (0.5–2.8) 0.791 1.5 (0.6–3.9) 0.373

CIN 2 1.9 (0.7–4.7) 0.196 1.2 (0.4–3.8) 0.759

CIN 3 or worse 2.0 (0.7–5.4) 0.189 2.4 (0.9–6.5) 0.090

ART: antiretroviral therapy; BV: bacterial vaginosis; CD4: cluster of differentiation 4; CI: confidence interval; CIN: cervical intraepithelial neoplasia; HIV:

human immunodeficiency virus; HPV: human papilloma virus; WHO: World Health Organization.
aOnly factors that were significant in the univariate regression analysis were included in the multivariate model.
bSeparate multivariate models were done for HPV genotyping results, high-risk HPV types and HPV infection.
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About one-third of our study participants were diag-
nosed with HPV infection27 and women with HPV infec-
tion had 2.3 times increased risk of having BV. A
previous meta-analysis has confirmed that women with
BV have an increased risk of HPV infection (OR 1.43;
95% CI 1.11–1.84)36 but this meta-analysis included only
one study that was done among HIV-infected women.
Because of the cross-sectional nature of our study, we do
not know whether women were infected with HPV first
or developed BV first. We have previously reported that
women with no abortions and women with diagnosis of
HIV infection in the past five years had significantly high
risk of having multiple HPV infections. We have not
found any common factors associated with determinants
of BV and determinants of HPV infection.37 Previous
studies and meta-analysis have reported a positive asso-
ciation between BV and CIN.38 Although we observed
increased risk of BV among women with CIN 3 or worse
diagnosis in the univariate analysis, it was not significant
in the multivariate analysis. Previous meta-analysis has
shown a positive association between BV and CIN (OR
1.51 (95% CI 1.24–1.83)).38

Our study has lack of availability of data on recent
sexual behaviour. A previous systematic review and
meta-analysis has reported that BV is transmitted to
a woman by sexual contact with either a man or
woman.4 Another limitation of our study is availability
of Nugent’s scoring reports for 912/1153 participants
enrolled in the main study as described previously27

because the Gram stain slides of the first 232/1153
(20.12%) participants enrolled in the beginning of the
study could not be found. We have however confirmed
that there are no differences in the characteristics of the
women who had and who did not have a slide for
Gram stain and subsequent Nugent’s scoring.

The prevalence of STIs is more in HIV-infected
women than women who are not infected with HIV
because of the same risk factors, the same route of
transmission and impaired immunity among HIV-
infected women.39 Persistence of HPV infection is nec-
essary for the development of cervical cancer.40 BV can
increase the risk of acquisition or reactivation of HPV
infection41 and is also reported to be conducive to the
persistence of HPV infection.42

To conclude, we observed high prevalence of BV as
well as intermediate BV among HIV-infected women.
Since BV increases the risk of acquiring STIs, persis-
tence of HPV infection and increased risk of gynaeco-
logical outcomes, BV control among HIV-infected
women should not be neglected.

Acknowledgements

We gratefully acknowledge Qiagen for the donation of HPV
testing kits that facilitated the HPV testing in this study. We
thank our study participants. We thank Dr Chaitali Gore, Dr

Pratima Sheth, and Dr Trupti Darak for clinical assessment

of participants and Mr Sandeep Bhingardiwe for data man-

agement. We thank Dr Sanjay Pujari, Director of Institute

for Infectious Diseases, Pune; Dr Shrinivas Natekar, Miraj

and many non-governmental organizations in Maharashtra

for referring study participants. We thank Dr Sylla G Malvi,

Consultant Cytologist, Nargis Dutt Memorial Cancer

Hospital, Barshi; Mrs Aruna Chiwate, Cytologist, Nargis

Dutt Memorial Cancer Hospital, Barshi; Mr Madan K.

Chauhan, Chief Coordinator of Projects, Nargis Dutt

Memorial Cancer Hospital, Barshi for Hybrid Capture

2 testing.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with

respect to the research, authorship, and/or publication of

this article.

Disclaimer

Where authors are identified as personnel of the International

Agency for Research on Cancer/World Health Organization,

the authors alone are responsible for the views expressed in

this article and they do not necessarily represent the decisions,

policy or views of the International Agency for Research on

Cancer/World Health Organization.

Funding

The authors disclosed receipt of the following financial sup-

port for the research, authorship, and/or publication of this

article: We gratefully acknowledge the funding support pro-

vided by the Union for International Cancer Control

(UICC), Geneva under the UICC Cervical Cancer Initiative.

ORCID iD

S Joshi https://orcid.org/0000-0003-4776-2275

References

1. Morris M, Nicoll A, Simms I, et al. Bacterial vaginosis: a

public health review. BJOG 2001; 108: 439–450.
2. Muzny CA and Schwebke JR. Pathogenesis of bacterial

vaginosis: discussion of current hypotheses. J Infect Dis

2016; 214 (Suppl. 1): S1–S5.
3. Verstraelen H, Verhelst R, Vaneechoutte M, et al. The

epidemiology of bacterial vaginosis in relation to sexual

behaviour. BMC Infect Dis 2010; 10: 81.
4. Fethers KA, Fairley CK, Hocking JS, et al. Sexual risk

factors and bacterial vaginosis: a systematic review and

meta-analysis. Clin Infect Dis 2008; 47: 1426–1435.
5. Brotman RM, Klebanoff MA, Nansel TR, et al. A lon-

gitudinal study of vaginal douching and bacterial vagino-

sis – a marginal structural modeling analysis. Am J

Epidemiol 2008; 168: 188–196.
6. Kenyon C, Colebunders R. and Crucitti T. The global

epidemiology of bacterial vaginosis: a systematic review.

Am J Obstet Gynecol 2013; 209(6): 505–523.

550 International Journal of STD & AIDS 31(6)

https://orcid.org/0000-0003-4776-2275
https://orcid.org/0000-0003-4776-2275


7. Amsel R, Totten PA, Spiegel CA, et al. Nonspecific vag-

initis. Diagnostic criteria and microbial and epidemiolog-

ic associations. Am J Med 1983; 74: 14–22.
8. Verstraelen H and Verhelst R. Bacterial vaginosis: an

update on diagnosis and treatment. Expert Rev Anti

Infect Ther 2009; 7: 1109–1124.
9. Nugent RP, Krohn MA and Hillier SL. Reliability of

diagnosing bacterial vaginosis is improved by a standard-

ized method of gram stain interpretation. J Clin

Microbiol 1991; 29: 297–301.
10. Atashili J, Poole C, Ndumbe PM, et al. Bacterial vagino-

sis and HIV acquisition: a meta-analysis of published

studies. AIDS 2008; 22: 1493–1501.
11. Cohen CR, Lingappa JR, Baeten JM, et al. Bacterial

vaginosis associated with increased risk of female-to-

male HIV-1 transmission: a prospective cohort analysis

among African couples. PLoS Med 2012; 9: e1001251.
12. Wessman M, Thorsteinsson K, Jensen JS, et al. Bacterial

vaginosis, human papilloma virus and herpes viridae do

not predict vaginal HIV RNA shedding in women living

with HIV in Denmark. BMC Infect Dis 2017; 17: 376.
13. Chen Z-Q, Zhang G-C, Gong X-D, et al. Syphilis in

China: results of a national surveillance programme.

Lancet 2007; 369: 132–138.
14. Wiesenfeld HC, Hillier SL, Krohn MA, et al. Bacterial

vaginosis is a strong predictor of Neisseria gonorrhoeae

and Chlamydia trachomatis infection. Clin Infect Dis

2003; 36: 663–668.
15. Martin HL, Richardson BA, Nyange PM, et al. Vaginal

lactobacilli, microbial flora, and risk of human immuno-

deficiency virus type 1 and sexually transmitted disease

acquisition. J Infect Dis 1999; 180: 1863–1868.
16. Brotman RM, Klebanoff MA, Nansel TR, et al. Bacterial

vaginosis assessed by gram stain and diminished coloniza-

tion resistance to incident gonococcal, chlamydial, and

trichomonal genital infection. J Infect Dis 2010; 202: 1907.
17. Mitchell C and Marrazzo J. Bacterial vaginosis and the

cervicovaginal immune response. Am J Reprod Immunol

2014; 71: 555–563.
18. Bloom BS and Lee DW. Bacterial vaginosis and preterm

birth. N Engl J Med 1996; 334: 1338–1339.
19. Laxmi U, Agrawal S, Raghunandan C, et al. Association

of bacterial vaginosis with adverse fetomaternal outcome

in women with spontaneous preterm labor: a prospective

cohort study. J Matern Fetal Neonatal Med 2012;

25: 64–67.
20. Torrone EA, Morrison CS, Chen P-L, et al. Prevalence of

sexually transmitted infections and bacterial vaginosis

among women in sub-Saharan Africa: an individual par-

ticipant data meta-analysis of 18 HIV prevention studies.

PLoS Med 2018; 15: e1002511.
21. Dadhwal V, Hariprasad R, Mittal S, et al. Prevalence of

bacterial vaginosis in pregnant women and predictive

value of clinical diagnosis. Arch Gynecol Obstet 2010;

281: 101–104.
22. Lata I, Pradeep Y, Sujata, et al. Estimation of the inci-

dence of bacterial vaginosis and other vaginal infections

and its consequences on maternal/fetal outcome in preg-

nant women attending an antenatal clinic in a tertiary

care hospital in North India. Indian J Community Med

2010; 35: 285–289.
23. Madhivanan P, Krupp K, Hardin J, et al. Simple and

inexpensive point-of-care tests improve diagnosis of vag-

inal infections in resource constrained settings. Trop Med

Int Health 2009; 14: 703–708.
24. Patel V, Weiss HA, Mabey D, et al. The burden and

determinants of reproductive tract infections in India: a

population based study of women in Goa, India. Sex

Transm Infect 2006; 82: 243.

25. Uma S, Balakrishnan P, Murugavel KG, et al. Bacterial

vaginosis in female sex workers in Chennai, India. Sex

Health 2005; 2: 261.
26. Lallar M, Nanda S and Nandal R. Lower genital tract

infections in HIV-infected women: can we afford to miss?

J Obstet Gynecol India 2015; 65: 45.
27. Joshi S, Sankaranarayanan R, Muwonge R, et al.

Screening of cervical neoplasia in HIV-infected women

in India. AIDS 2013; 27: 607–615.
28. World Health Organization. Guidelines for the manage-

ment of sexually transmitted infections. Geneva: World

Health Organization, 2003.
29. McKinnon LR, Achilles SL, Bradshaw CS, et al. The evolv-

ing facets of bacterial vaginosis: implications for HIV trans-

mission. AIDS Res Hum Retroviruses 2019; 35: 219.
30. Bautista CT, Wurapa E, Sateren WB, et al. Bacterial

vaginosis: a synthesis of the literature on etiology, prev-

alence, risk factors, and relationship with chlamydia and

gonorrhea infections. Mil Med Res 2016; 3: 4.

31. Hoffmann JN, You HM, Hedberg EC, et al. Prevalence

of bacterial vaginosis and Candida among postmeno-

pausal women in the United States. J Gerontol B

Psychol Sci Soc Sci 2014; 69: S205–S214.

32. Money D. The laboratory diagnosis of bacterial vagino-

sis. Can J Infect Dis Med Microbiol 2005; 16: 77–79.
33. Djomand G, Gao H, Singa B, et al. Genital infections

and syndromic diagnosis among HIV-infected women in

HIV care programmes in Kenya. Int J STD AIDS 2016;

27: 19–24.
34. King CC, Jamieson DJ, Wiener J, et al. Bacterial vagino-

sis and the natural history of human papillomavirus.

Infect Dis Obstet Gynecol 2011; 2011: 319460.
35. Massad LS, Evans CT, Kang R, et al. Correlates of bac-

terial vaginosis over long-term follow-up: impact of HIV

infection. AIDS Res Hum Retroviruses 2017; 33: 432–439.
36. Gillet E, Meys JF, Verstraelen H, et al. Bacterial vagino-

sis is associated with uterine cervical human papilloma-

virus infection: a meta-analysis. BMC Infect Dis 2011;

11: 10.
37. Joshi S, Babu JMM, Jayalakshmi D, et al. Human pap-

illomavirus infection among human immunodeficiency

virus-infected women in Maharashtra, India. Vaccine

2014; 32(9): 1079–1085.
38. Gillet E, Meys JFA, Verstraelen H, et al. Association

between bacterial vaginosis and cervical intraepithelial

neoplasia: systematic review and meta-analysis. PLoS

One 2012; 7: e45201.
39. Wasserheit JN. Epidemiological synergy.

Interrelationships between human immunodeficiency

Joshi et al. 551



virus infection and other sexually transmitted diseases.
Sex Transm Dis 1992; 19: 61–77.

40. Castellsague X and Munoz N. Chapter 3: cofactors in
human papillomavirus carcinogenesis – role of parity,
oral contraceptives, and tobacco smoking. J Natl

Cancer Inst Monogr 2003; 31: 20–28.
41. Watts DH, Fazarri M, Minkoff H, et al. Effects of bac-

terial vaginosis and other genital infections on the natural

history of human papillomavirus infection in HIV-1-
infected and high-risk HIV-1-uninfected women.
J Infect Dis 2005; 191: 1129–1139.

42. Guo Y-L, You K, Qiao J, et al. Bacterial vaginosis is
conducive to the persistence of HPV infection. Int J

STD AIDS 2012; 23: 581–584.

552 International Journal of STD & AIDS 31(6)


	table-fn1-0956462419878333
	table-fn2-0956462419878333
	table-fn3-0956462419878333
	table-fn4-0956462419878333
	table-fn5-0956462419878333

