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SUMMARY

Vaginal complaints compel an evaluation of bacterial vaginosis (BV), however, many cases

of BV are asymptomatic. We evaluated the sensitivity and specificity of vaginal symptoms in

the diagnosis of BV and examined the utility of creating a BV screening tool using clinical,

behavioural and demographic characteristics. A total of 1916 pregnant women were included in

this analysis. In total, 757 women screened positive for BV and over one third of BV-positive

women presented without any lower genital tract symptoms (39.4%). African American race,

abnormal vaginal odour, and smoking were independently related to BV positivity. A BV

screening tool including these three factors was fairly predictive of BV status with the area under

the ROC curve equal to 0.669. This three-item prediction rule may be useful in identifying

high- risk pregnant women in need of BV screening and, given the high specificity, accurately

identify the group of BV-negative pregnant women.

INTRODUCTION

The self-report of vaginal complaints commonly

compels a provider to evaluate the presence of a lower

genital tract condition, the most prevalent being

bacterial vaginosis (BV) [1–6]. However, more than

50% of cases of BV are asymptomatic thus a screen-

ing tool for BV cannot depend on symptom report

alone [7].

BV involves a reduction in the normal amount of

hydrogen peroxide producing Lactobacillus and an

overgrowth of anaerobic and Gram-negative or

Gram-variable bacteria, including Mycoplasma

hominis, Bacteroides spp., Mobiluncus spp., and

Gardnerella vaginalis [8, 9]. During pregnancy, BV

has been associated with an increased risk of preterm

labour, preterm delivery, premature rupture of the

membranes, and miscarriage [10–19]. The clinical

diagnostic test for BV is the Amsel criteria, which

involves an assessment of four conditions (vaginal

pH >4.5, malodorous secretion following potassium

hydroxide, presence of clue cells, and self-reported

vaginal discharge) with the existence of three or more

conditions corresponding to a positive diagnosis of

BV [20, 21]. A second, laboratory-based diagnostic

test for BV involves a Gram stain of vaginal fluid, the

quantification of the amount of three morphotypes
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(Lactobacillus, Mobiluncus and Gardnerella) and the

use of the Nugent criteria to define a case of BV [22].

Since the first stage in initiating BV screening using

either method is commonly dependent on pre-emptive

self-reported symptoms, many asymptomatic cases

of BV are not detected or treated. Moreover, women

reporting many of the symptoms characteristic of

BV may instead have a number of other lower genital

tract conditions such as Chlamydia or gonococcal cer-

vicitis, trichomonos, or candida. Thus, the develop-

ment of an alternative BV screening tool is warranted.

In this study, we described the prevalence of

symptomatic and asymptomatic BV among women

in the first trimester of pregnancy; assessed the

agreement between individual self-reported vaginal

symptoms and BV status; and examined the utility of

creating a BV screening tool incorporating clinical,

demographic and symptom parameters to identify

BV-positive women.

METHODS

Study design

During the period September 2001 to June 2004,

pregnant women presenting for their first prenatal

care visit to two obstetrical practices at the Hospital

of the University of Pennsylvania (HUP), who

had completed f12 weeks gestation based on self-

reported last menstrual period (LMP) and resided

within the city of Philadelphia were eligible to par-

ticipate in the project. To ensure the generalizability

of the study results, one of the recruitment sites was a

private obstetrical practice providing care to insured

women, and the other recruitment site was a publicly

funded obstetric clinic. Nurse interviewers specifically

trained for the project approached eligible women

in the office, explained the purpose and practice of

the study, and obtained informed consent. The nurse

interviewers facilitated universal vaginal swab collec-

tion for BV assessment, obtained urine samples for

toxicological confirmation of cigarette, marijuana,

and cocaine use; collected contact information to

inform follow-up activities ; performed a compre-

hensive abstraction of the prenatal record to collect

information on current and subsequent BV diagnosis

and treatment; and completed the standardized base-

line questionnaire. Eighty-seven percent of eligible

women participated in the project. The protocol and

consent forms were approved by the Institutional

Review Board of the University of Pennsylvania.

Specific questions concerning vaginal symptoms

were included within the baseline questionnaire to

assess current vaginal itching or burning, vaginal

swelling, vaginal pain, abnormal discharge, and/or

abnormal odour since LMP. Information on the

consistency of the discharge (i.e. thicker than normal,

thin/watery or same consistency) and colour of the

discharge using visual aids was also noted. Infor-

mation on the presence and magnitude of vaginal

bleeding was also collected. The questionnaire was

administered in a confidential location within the

office by a female nurse interviewer.

Assessment of BV

At the enrolment visit, provider-collected (53% of

the sample) or self-collected (47% of the sample)

vaginal swabs were obtained for each woman. We

have previously documented excellent validity and

reliability in BV assessment, among this cohort, using

these two methods of swab collection [23]. Vaginal

secretions were put on a glass slide, air dried and the

slides were sent weekly to the Clinical Microbiology

Laboratory at the HUP. A single microbiologist

Gram-stained and blindly interpreted the samples

for BV status using the criteria described by Nugent

et al. [22]. A summary BV score was computed for

each participant ranging from 0 to 10; this score was

dichotomized with values of o7 indicating a case

of BV. This dichotomized scoring system has been

used extensively in both clinical and epidemiological

studies of BV positivity and has been found to be a

reliable method of detecting overall BV positivity

[24]. The interviewer and obstetrician were blinded to

the study-related Gram stain results. The remainder

of prenatal care was under the direction of the

woman’s health-care provider. Any provider-directed

BV screening during the course of prenatal care,

primarily due to patient symptom report, was not

used in determining study-related BV status. We

did abstract the prenatal care record of all women

participating in the study and collected information

on subsequent BV diagnosis and treatment.

Data analysis

Self-reported vaginal symptoms (yes/no) were based

on the vaginal complaints captured in the baseline

interview. Women were considered to have self-

reported symptoms if they reported having at least

one symptom since LMP. We calculated the
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sensitivity, specificity, positive predictive value (PPV),

and negative predictive value (NPV) for each of these

vaginal symptoms as predictors of BV.

In the univariable analysis testing the association

of various risk factors for BV positivity, Pearson’s

x2 or Fisher’s exact tests were used to analyse categ-

orical variables, and t tests were used for continuous

comparisons. Gestational age was determined by

LMP and confirmed by ultrasound prior to 20 weeks.

Perceived stress was measured using the Cohen’s

perceived stress scale [25]. We created a multivariable

logistic regression model to determine the association

between self-reported symptoms, identified risk fac-

tors, and BV positivity. The model included variables

easily collected in the clinical setting that were

significantly associated with BV positivity in the

univariate analyses at Pf0.05. The following vari-

ables were included in the model ; self-reported

vaginal odour (y/n), self-reported abnormal discharge

(y/n), African American race (yes/other), cigarette

smoking (y/n), vaginal douching (y/n), and age (<20

years, o20 years). Parity and age were highly corre-

lated, thus only age was included in the model.

Vaginal douching since LMP was dropped from the

model due to a high number of missing values and

ever douching was modelled instead. Cigarette and

marijuana use were also highly correlated and ciga-

rette use was included in the model. Stepwise logistic

regression was performed by removing each least-

significant factor and then refitting the model with

P<0.05 considered significant. The goodness of fit

of the final regression model was assessed using

Wald x2 and logistic regression diagnostics.

The screening tool was developed by assigning a

score depending on the presence or absence of the

three identified significant risk factors for BV using

the results from the final multivariate regression

model. A total risk factor score was determined for

each woman by adding the number of individual risk

factors present. For example, an African American

woman who reported smoking cigarettes received a

total risk score equal to 2. We used receiver-operator-

characteristic (ROC) analysis to determine the opti-

mal score cut-off point for prediction of BV with the

maximal sensitivity while maintaining a reasonable

specificity. The goal of the predictive model was to

identify as many BV-positive women as possible ;

therefore, maximizing the sensitivity of the predictive

rule was of importance. The SAS statistical package

version 8.0 (SAS Institute Inc., Cary, NC, USA)

was used.

RESULTS

The study enrolled 1948 women from September 2001

to June 2004 and 1916 women completed a baseline

questionnaire, had a Gram stain result and were

included in this analysis (98.4%). Forty percent of

pregnant women screened positive for BV at the

time of enrolment in the study (n=757) and over 20%

reported a prior case of BV. Almost three quarters of

the women were African American (72%), 17% were

Caucasian, 6% Asian/Pacific Islander and 5% were

of other racial groups. The average age at enrolment

was 25¡6.1 years and the average gestational age

at enrolment at the time of BV assessment was

10¡2.6 weeks. Sixty percent of women reported ever

douching and, of these women, almost 20% reported

current vaginal douching. The prevalence of any

prior sexually transmitted disease (STD) was 78.7%.

Over 10% of women reported current cigarette use

and a slightly higher proportion of pregnant women

reported marijuana use (13.2%).

Over one third (39.4%) of women with BV pres-

ented without any lower genital tract symptoms.

About one-half (55%) of women without BV were

asymptomatic. A slightly higher proportion of BV-

positive compared to BV-negative women presented

with abnormal discharge or odour (23.7% vs. 16.5%

and 15.7% vs. 7.1%, respectively) ; however, the

report of vaginal burning/itching, pain or swelling

was similar between the two groups (13.0% vs.

13.4%; 5.8% vs. 5.3%; and 2.2% vs. 2.7%, re-

spectively). As shown in Table 1, the report of

abnormal odour [relative risk (RR) 1.62, 95% con-

fidence interval (CI) 1.42–1.85] and abnormal vaginal

discharge (RR 1.29, 95% CI 1.14–1.46) were signifi-

cantly related to BV status in the univariate analysis.

Several demographic, behavioural and past/current

obstetric factors were associated with BV. Women

with BV were significantly younger than BV-negative

women (24 years vs. 27 years ; P<0.0001). In ad-

dition, African American race (RR 3.08, 95% CI

2.51–3.57), less than a high school education (RR

1.39, 95% CI 1.24–1.57) and nulliparity (RR 0.84,

95% CI 0.78–0.91) were related to BV status

(Table 1). Many behavioural factors were related

to BV positivity. BV-positive pregnant women were

significantly more likely to report current or ever

douching (RR 1.22, 95% CI 1.06–1.40 and RR 1.68,

95% CI 1.44–1.86, respectively), more likely to report

a prior diagnosis of BV (RR 1.17, 95% CI 1.04–1.33),

a current STD (RR 1.32, 95% CI 1.02–1.73) and to
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report current cigarette or marijuana use (RR 1.52,

95% CI 1.31–1.77 and RR 1.63, 95% CI 1.43–1.85,

respectively) compared to BV-negative women. In

addition, the mean stress score, using the Cohen

perceived stress instrument, was higher among

BV-positive compared to BV-negative women (5.1 vs.

4.9 respectively, P<0.001).

As shown in Table 2, none of the individual

symptom reports had high sensitivity with corre-

sponding high specificity for correctly classifying BV

Table 1. Bivariate analysis of selected factors for bacterial vaginosis (BV) positivity among pregnant women

Risk factor
BV+ women
(n=757)

BVx women
(n=1159)

Unadjusted
RR 95% CI

Reported vaginal symptoms

Odour 115 76 1.62 1.42–1.85
Discharge 177 191 1.29 1.14–1.46
Thicker than usual 95 109 0.94 0.76–1.16

Same as usual 59 56 1.10 0.88–1.38
Thinner than usual 24 28 0.96 0.69–1.31
White/grey 125 121 1.22 0.96–1.55
Clear 23 34 0.81 0.58–1.14

Yellow/green 38 56 0.79 0.61–1.05
Brown 15 16 1.00 0.69–1.48

Pain 39 50 1.12 0.88–1.42

Burning or itching 100 159 0.98 0.83–1.15
Swelling 12 29 0.74 0.46–1.19

Demographic characteristics
African American 672 715 3.08 2.51–3.79

Less than high school education 196 188 1.39 1.24–1.57
Nulliparous 322 619 0.84 0.78–0.91

Behavioural factors
Douching, since LMP 120 100 1.22 1.06–1.40

Ever douching 541 626 1.64 1.44–1.86
STD, since LMP 5 749 1.32 1.02–1.73
Ever STD 604 895 1.12 0.97–1.29
Ever BV 195 244 1.17 1.04–1.33

Cigarette use 104 76 1.52 1.31–1.77
Marijuana use 136 91 1.63 1.43–1.85

RR, Relative risk ; CI, confidence interval ; LMP, last menstrual period; STD, sexually transmitted disease.

Table 2. Predictive characteristics of individual vaginal symptoms

Reported vaginal symptoms,

since LMP

No. of

women

Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

Odour 191 15.3 93.4 60.2 62.9
Discharge 368 23.5 83.5 48.1 62.6

Thicker than usual 204 53.4 43.5 46.6 50.3

Same as usual 115 33.2 70.9 51.3 53.5
Thinner than usual 52 13.5 85.5 46.2 51.7
White/grey 246 70.6 37.6 50.8 58.5

Clear 57 12.9 82.2 40.4 50.5
Yellow/green 94 21.5 70.7 40.4 49.3
Brown 31 8.5 91.7 48.4 52.1

Burning or itching 259 13.3 86.3 38.6 60.5
Pain 89 5.2 95.7 43.8 60.8
Swelling 41 1.6 97.5 29.3 60.4

LMP, Last menstrual period; PPV, Positive predictive value ; NPV, Negative predictive value.
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status. Reports of abnormal discharge and vaginal

odour had low sensitivity but relatively high speci-

ficity, while reports of white/grey discharge had

higher sensitivity but very low specificity. The report

of vaginal pain or swelling also had very high speci-

ficity (95.7% and 97.5%, respectively) but very low

individual sensitivity (5.2% and 1.6%, respectively).

The multivariate model included the significant

factors related to BV positivity in the univariate

analysis : African American race (RR 4.36, 95% CI

3.34–5.71), abnormal vaginal odour (RR 2.12, 95%

CI 1.49–2.99), and smoking (RR 2.11, 95% CI

1.51–2.93). Abnormal vaginal discharge (RR 1.16,

95% CI 0.89–1.51) was not related to BV status after

adjusting for the other demographic and behavioural

factors. In addition, significant relationships did not

remain for age, or current douching (Table 3). Adding

stress to the model did not change these results. The

goodness-of-fit statistic revealed that this final ex-

planatory model fitted well (Wald x2 statistic=188.7,

P value <0.0001).

The Figure presents the ROC curve for the three-

item scoring system which included African American

race, abnormal vaginal odour and current smoking. A

total risk score was determined for each woman by

adding the number of risk factors present. The model

was most ‘predictive’ of BV positivity when a score

of o2 was obtained. The area under the ROC curve

was 0.669 (Fig.). As shown in Table 4, a score of o2

resulted in the highest sensitivity with corresponding

high specificity.

DISCUSSION

Although universal screening for BV among low-risk

pregnant women is not currently indicated given the

ineffectiveness of treatment options in reducing

these adverse outcomes, the diagnosis of BV is still

important in this population [26, 27]. BV has been

related to many adverse gynaecological conditions

including: pelvic inflammatory disease, post-hyster-

ectomy vaginal cuff cellulites, post-abortal endo-

metritis, postpartum endometritis ; and many adverse

pregnancy outcomes including amniotic fluid in-

fection, preterm delivery, preterm labour, preterm

premature rupture of the membranes (PPROM), and

spontaneous abortion [10–14, 28]. Given the high

proportion of asymptomatic BV-positive women, we

attempted to develop a screening tool which incor-

porated not only symptom reports, but demographic

and behavioural and health factors in an effort to

classify all cases of BV-positive pregnant women

enrolled in our cohort.

As expected, we found that a high proportion

of BV-positive pregnant women presented without

vaginal symptoms and the classic lower genital tract

complaints of recent abnormal vaginal discharge or

Table 3. Final explanatory logistic regression model

for factors related to bacterial vaginosis (BV)

among pregnant women

Risk factor
Adjusted
RR 95% CI

African American race 4.36 3.34–5.71

Abnormal vaginal odour 2.12 1.49–2.99
Smoking 2.11 1.51–2.93
Douching since LMP 4.20 0.47–37.23
Age <20 years 1.29 1.02–1.61

Abnormal vaginal discharge 1.16 0.89–1.51

RR, Relative risk ; CI, confidence interval ; LMP, last
menstrual period.
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Fig. Receiver-operator-characteristic curve for the three-
item scoring system in predicting BV positivity. Score in-

cludes : African American race, abnormal vaginal odour
and current smoking.

Table 4. Characteristics of three-item scoring system

in predicting bacterial vaginosis (BV) positivity

Score

Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

o1 92.0 34.8 63.3 36.7
o2 24.1 90.5 14.8 85.2
3 1.9 99.4 1.3 98.7

PPV, Positive predictive value ; NPV, negative predictive

value.
Risk factor scoring system: African American race, abnor-
mal vaginal odour, and smoking.
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odour were not accurate sensitive individual pre-

dictors of BV status. These findings are similar to

other reports which conclude that abnormal odour

and vaginal discharge are not useful independent

markers in identifying BV-positive non-pregnant

women [7]. We did find that the combination of

abnormal vaginal odour, African American race and

smoking were predictive of BV status and the absence

of these factors was extremely useful in the identifi-

cation of BV-negative women.

Our BV screening tool which includes abnormal

odour, African American race, and smoking had

high sensitivity (92%) for predicting BV positivity

in the presence of two or more of these factors;

although the specificity was modest (35%). However,

the specificity of the screening tool with all three of

the factors was very high (99.4%) indicating that the

likelihood of BV positivity among women without

any of these three factors upon presentation is very

low. When used in our population of pregnant women

with a prevalence of 40% for BV, the PPV using a

cut-off of o2 was 63% and the NPV was 36.7%.

Others have attempted to develop screening tools

to identify BV status [29, 30]. Pastore et al. developed

a six-item BV risk scoring system including vaginal

pH >4.5, African American race, condom use dur-

ing pregnancy, antenatal BV, absences of semen on

smear, and no history of STD, among a population

of pregnant women with a lower prevalence of

BV (18%). The authors reported a sensitivity and

specificity of 77% among women with scores o4.

Two of the risk factors found to be predictive

among this study population (i.e. STD and prior

antenatal BV), were not predictive in our model per-

haps due to the different demographic characteristics

of the study populations. We did not collect infor-

mation on vaginal pH or semen at the time of BV

assessment; it is unknown whether these character-

istics dramatically influence the test characteristics

of our tool.

Several limitations in this study design deserve

mention. In addition to not measuring vaginal pH

at the time of BV assessment, an assessment of

other lower genital tract conditions characteristic

of symptom reports among pregnant women were not

measured (i.e. trichomonas, candida, and gonococcal

or chlamydial cervicitis). Moreover, given the study

population enrolled in the cohort and the high

prevalence of BV (40%), these results may not be

generalizable to other rural or primarily white preg-

nant women.

In this report, we conducted a comprehensive

assessment to identify the behavioural, demographic

and/or symptom reports most predictive of BV status.

These results are useful in understanding the con-

tribution of demographic, behavioural and clinical

factors on BV and illustrate that although many

providers rely on the report of abnormal odour or

discharge to pursue further BV screening, we have

shown that these symptoms are not sensitive in

detecting BV. These results indicate that a three-item

prediction rule including the report of vaginal odour,

in combination with race and smoking status, is most

sensitive in predicting BV-positive women. In a busy

obstetric clinic, universal screening for BV may be

problematic and time consuming. We have developed

and tested the utility of a three-item BV screening tool

which may be useful in designing targeting screening

programmes among pregnant women to facilitate

selective BV screening, treatment and reduction of

disease burden among high-risk pregnant women. In

addition, this screening tool includes easy-to-measure

self-reported factors and was also effective in identi-

fying a low-risk group of BV-negative pregnant

women with a high predictive value.
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