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IMPORTANCE Preterm delivery results in adverse outcomes; identifying and treating bacterial
vaginosis may reduce its occurrence.

OBJECTIVE To update the evidence on screening and treatment of asymptomatic bacterial
vaginosis in pregnancy for the US Preventive Services Task Force.

DATA SOURCES MEDLINE, Cochrane Library, and trial registries through May 29, 2019;
bibliographies from retrieved articles, experts, and surveillance of the literature through
December 31, 2019.

STUDY SELECTION Fair- or good-quality English-language studies evaluating diagnostic
accuracy of tests feasible within primary care; randomized clinical trials (RCTs);
nonrandomized controlled intervention studies (for harms only); or meta-analyses of
metronidazole or clindamycin.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently assessed titles/abstracts and
full-text articles, extracted data, and assessed study quality; when at least 3 similar studies
were available, meta-analyses were conducted.

MAIN OUTCOMES AND MEASURES Sensitivity, specificity, preterm delivery, maternal adverse
effects, congenital birth defects, childhood cancer.

RESULTS Forty-four studies (48 publications) were included. No studies evaluated the
benefits or harms of screening. Twenty-five studies (n = 15 785) evaluated the accuracy of
screening tests; across individual studies and tests, sensitivity ranged from 0.36 to 1.0 and
specificity ranged from 0.49 to 1.0. Among trials reporting findings from general obstetric
populations (n = 7953), no significant association was observed between treatment and
spontaneous delivery before 37 weeks (pooled absolute risk difference [ARD], –1.44% [95%
CI, −3.31% to 0.43%]; 8 RCTs, n = 7571) or any delivery before 37 weeks (pooled ARD, 0.20%
[95% CI, −1.13% to 1.53%]; 6 RCTs, n = 6307). Among 5 trials reporting findings among
women with a prior preterm delivery, findings were inconsistent; 3 showed a significant
beneficial effect, while 2 did not. Maternal adverse events from treatment were infrequent
and minor (eg, candidiasis) but were slightly more common with active treatment compared
with placebo across 8 RCTs. Two meta-analyses of observational studies reported no
significant association between metronidazole exposure and congenital malformations (odds
ratio, 0.96 [95% CI, 0.75 to 1.22]; odds ratio, 1.08 [95% CI, 0.90 to 1.29]). One cohort study
reported no significantly increased incidence of childhood cancer among metronidazole-
exposed children (adjusted relative risk, 0.81 [95% CI, 0.41 to 1.59]). However, studies of in
utero exposure had important limitations.

CONCLUSIONS AND RELEVANCE Accuracy of screening tests for bacterial vaginosis varies. The
evidence suggests no difference in the incidence of preterm delivery and related outcomes
from treatment for asymptomatic bacterial vaginosis in a general obstetric population but
was inconclusive for women with a prior preterm delivery. Maternal adverse events from
treatment appear to be infrequent and minor, but the evidence about harms from in utero
exposure was inconclusive.
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B acterial vaginosis is a common lower genital tract syn-
drome defined as a shift from normal hydrogen peroxide–
producing lactobacilli to mixed anaerobes.1,2 Studies con-

ducted between 1983 and 2006 estimate that only 25% to 50% of
women with bacterial vaginosis report symptoms.3-5 Research has
suggested bacterial vaginosis as a risk factor for preterm delivery; a
2007 meta-analysis of 32 studies estimated a pooled odds ratio for
the risk of preterm delivery in the presence of asymptomatic bac-
terial vaginosis of 2.16 (95% CI, 1.56 to 3.00).6 The causal mecha-
nism is not fully understood.7,8

Early identification and treatment of bacterial vaginosis may re-
duce the incidence of preterm delivery and its associated morbid-
ity and mortality. This review was conducted to inform the US Pre-
ventive Services Task Force (USPSTF) for its update of the 2008
recommendation on screening and treatment of bacterial vagino-
sis in pregnancy to prevent preterm delivery.9 In 2008, the USPSTF
recommended against screening for bacterial vaginosis in asymp-
tomatic pregnant women at low risk for preterm delivery (D recom-
mendation) and concluded that the evidence was insufficient for
asymptomatic pregnant women at high risk for preterm delivery
(I statement).

Methods
Scope of the Review
The analytic framework and key questions (KQs) that guided the re-
view are shown in Figure 1. Detailed methods, evidence tables, sensi-
tivity analyses, and contextual information are available in the full evi-
dence report at http://www.uspreventiveservicestaskforce.org/Page/
Document/UpdateSummaryFinal/bacterial-vaginosis-in-pregnant-
adolescents-and-women-to-prevent-preterm-delivery-screening.

Data Sources and Searches
PubMed, the Cochrane Library, and EMBASE were searched for
English-language articles published from January 1, 2006, through
May 29, 2019. Because the previous reviews for the USPSTF did not
include a systematic search for KQ2 (diagnostic test accuracy),
a separate PubMed search from inception through December 31,
2005, was conducted to supplement the main search for this up-
date. ClinicalTrials.gov, the Cochrane Clinical Trials Registry, and the
World Health Organization International Clinical Trials Registry
Platform were also searched. To supplement systematic electronic
searches (eMethods in the Supplement), reference lists of perti-
nent articles and studies suggested by reviewers were searched.
Ongoing surveillance was conducted through article alerts and tar-
geted searches of journals to identify major studies published in the
interim that may affect the conclusions or understanding of the evi-
dence and the related USPSTF recommendation. The last surveil-
lance was conducted on December 31, 2019.

Study Selection
Two investigators independently reviewed titles, abstracts, and full-
text articles using prespecified inclusion criteria for each KQ
(eMethods in the Supplement); disagreements about inclusion were
resolved by a third reviewer. Briefly, for KQ1, KQ3, and KQ4, ran-
domized clinical trials (RCTs) and relevant systematic reviews of RCTs,
conducted in pregnant women or adolescents, were selected; for

KQ1 and KQ3, participants had to be asymptomatic with respect to
vaginal symptoms of bacterial vaginosis. For KQ1 and KQ3, studies
that compared screening with no screening and reported health out-
come benefits (eg, reduction in preterm delivery) or harms (eg, anxi-
ety) were selected. For KQ2, studies that reported on diagnostic test
accuracy for Amsel clinical criteria (vaginal pH >4.5, clue cells, dis-
charge, amine odor)3 or laboratory-based tests in commercial use
or feasible for use in primary care settings were selected. Partici-
pants were not required to be pregnant in studies selected for KQ2.
For KQ4 and KQ5, trials that compared treatment with metronida-
zole or clindamycin vs placebo or no treatment in symptomatic or
asymptomatic pregnant women with bacterial vaginosis and that re-
ported health outcomes related to preterm delivery or other ad-
verse pregnancy outcomes were selected. For KQ5, observational
studies that reported on outcomes related to fetal exposure to met-
ronidazole or clindamycin, such as carcinogenesis or congenital mal-
formations, were eligible.

English-language studies that met all study selection criteria,
were fair or good methodological quality, and were conducted in
countries categorized as very highly developed by the 2017 United
Nations Human Development Index were included.11 Studies in-
cluded in the prior 2008 review were reassessed against the study
selection and methodological quality criteria for this update.

Data Extraction and Quality Assessment
For each included study, 1 reviewer abstracted relevant study char-
acteristics (ie, population, intervention, comparator) and data for
eligible outcomes into a structured form. A second reviewer checked
all data for completeness and accuracy. Some study authors were
contacted to clarify data. Two senior reviewers independently as-
sessed each study’s methodological quality using predefined crite-
ria established by the USPSTF (eMethods in the Supplement) and
others.12-16 Disagreements in study quality ratings were resolved
through discussion or with an independent assessment from a third
senior investigator. Studies reporting multiple outcomes may have
been assigned different quality ratings for different outcomes.

Data Synthesis and Analysis
For diagnostic test accuracy (KQ2), data related to sensitivity, speci-
ficity, and likelihood ratios were synthesized in tabular and narra-
tive formats. When at least 3 studies using the same index test and
test threshold were available, a quantitative synthesis was per-
formed by fitting the bivariate model described by Reitsma et al17

with the metandi package in Stata version 15 (StataCorp) to gener-
ate a summary receiver operating characteristics curve and a pooled
summary point estimate of sensitivity and specificity. For benefits
of treatment (KQ4), findings were synthesized using both absolute
risk differences (ARDs) and relative risk (RR) ratios. For harms of treat-
ment (KQ5), odds ratios (ORs) were also used. When a quantitative
synthesis was possible, a random-effects model with the inverse-
variance weighted method of DerSimonian and Laird with the
metafor package in R version 2.0-0 (R Foundation for Statistical Com-
puting) was used.18 Significance testing was based on the exclu-
sion of the null value by the 95% CI around the pooled estimate.

The strength of evidence was assessed based on the Agency for
Healthcare Quality and Research Methods Guide for Effectiveness and
Comparative Effectiveness Reviews, which specifies the assessment
of study limitations, directness, consistency, precision, and reporting
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biasforeachinterventioncomparisonandmajoroutcomeofinterest.19

Two senior reviewers independently developed initial strength of evi-
dence assessments for each relevant outcome and comparison across
the KQs; disagreements were resolved through discussion and the in-
dependent assessment of a third senior reviewer.

Results
Forty-four studies from 48 publications were included (Figure 2).
Twenty-five studies of test accuracy (KQ2),20-44 13 RCTs evaluating
the benefits of treatment with respect to preterm delivery and re-

lated pregnancy outcomes (KQ4),45-57 and 14 studies evaluating the
harms of treatment (KQ5)45,48,49,51,52,55-63 were identified.

Benefits of Screening
Key Question 1. Does screening for bacterial vaginosis in asymp-
tomatic pregnant adolescent and women reduce preterm delivery
and related morbidity and mortality?

No studies were identified.

Accuracy of Screening
Key Question 2. What is the diagnostic accuracy of tests used to
screen for bacterial vaginosis?

Figure 1. Analytic Framework: Screening for Bacterial Vaginosis in Pregnant Adolescents and Women
to Prevent Preterm Delivery

Key questions

Does screening for bacterial vaginosis in asymptomatic pregnant adolescents and women reduce
preterm delivery and related morbidity and mortality?

a. Does the effect of screening vary by baseline risk (eg, low vs high risk) for preterm delivery?

b. Does the effect of screening vary by race/ethnicity?

c. Does the effect of screening vary by maternal age?

d. Does the effect of screening vary by gestational age?

e. Does the effect of screening vary by other risk factors for preterm delivery (eg, co-infection
with sexually transmitted infections, HIV status)?

1

What are the harms of treatment of bacterial vaginosis in pregnant adolescents and women?

a. What are the harms of treatment to pregnant adolescents and women?

b. What are harms of treatment to the fetus or newborn?

5

What is the diagnostic accuracy of tests used to screen for bacterial vaginosis?

a. Does diagnostic accuracy vary by pregnancy status?

2

What are the harms of screening for bacterial vaginosis in asymptomatic pregnant adolescents
and women?

3

Does treatment of bacterial vaginosis during pregnancy reduce preterm delivery and related
morbidity and mortality?

a. Does the effect of treatment vary by baseline risk (eg, low vs. high risk) for preterm delivery?

b. Does the effect of treatment vary by race/ethnicity?

c. Does the effect of treatment vary by maternal age?

d. Does the effect of treatment vary by gestational age?

e. Does the effect of treatment vary by other risk factors for preterm delivery (eg, co-infection
with sexually transmitted infections, HIV status)?

4

1

4

Harms of
treatment

5

Asymptomatic
pregnant

adolescents
and women

2

Harms of
screening 

3

Reduced preterm
delivery and related
morbidity and mortality

Health outcomesDiagnosis of
bacterial vaginosis

Clearing of
bacterial vaginosis

Evidence reviews for the US
Preventive Services Task Force
(USPSTF) use an analytic framework
to visually display key questions
addressed by the review to allow the
USPSTF to evaluate the effectiveness
and safety of a preventive service.
The questions are depicted by
linkages that relate interventions to
outcomes. A dashed line indicates an
outcome that precedes subsequent
outcomes. Refer to the USPSTF
Procedure Manual for further
details.10

USPSTF Report: Screening for Bacterial Vaginosis in Pregnant Adolescents and Women US Preventive Services Task Force Clinical Review & Education

jama.com (Reprinted) JAMA April 7, 2020 Volume 323, Number 13 1295

© 2020 American Medical Association. All rights reserved.



Twenty-five cross-sectional diagnostic test accuracy studies (n =
15 785) reported test accuracy for laboratory assays and for Amsel clini-
cal criteria (complete or modified). Study characteristics are reported
ineTable1intheSupplement,andindividualstudymethodologicalqual-
ity is described in eTables 2 through 7 in the Supplement. Six studies
were assessed as good methodological quality23,25,26,31,37,43; the oth-
ers were assessed as fair quality generally because of unclear enroll-
ment procedures and unclear information regarding blinding of index
and reference test results. The reference standard assessed in nearly
allstudieswasaGramstainofvaginalsecretions,mostofteninterpreted

using Nugent criteria, a scoring system based on quantity and morpho-
types of organisms present.64,65 Two studies enrolled exclusively preg-
nant or asymptomatic women.23,40 Table 1 summarizes the accuracy
of various tests; across individual studies and tests, sensitivity ranged
from 0.36 to 1.0 and specificity ranged from 0.49 to 1.0.

Harms of Screening
Key Question 3. What are the harms of screening for bacterial vagi-
nosis in asymptomatic pregnant adolescents and women?

No studies were identified.

Figure 2. Literature Search Flow Diagram: Screening for Bacterial Vaginosis in Pregnant Adolescents and Women to Prevent Preterm Delivery

320 Excluded
15 Systematic review for hand search

42 Ineligible population
89 Ineligible intervention
31 Ineligible comparator
22 Ineligible outcome
12 Ineligible study design
6 Duplicate or superseded
4 Study protocol or in progress
4 Non–English-language full text
1 Poor quality
5 Other

32 Ineligible publication type
57 Ineligible country

2150 Citations excluded based on review
of title and abstract

0 Articles included for KQ1 0 Articles included for KQ3

368 Full-text articles assessed for eligibility
345 From current review
23 From previous USPSTF review

26 Articles (25 studies)
included for KQ2

16 Articles (13 studies)
included for KQ4

14 Articles (14 studies)
included for KQ5

48 Articles (44 studies) included

2495 Citations screened

2492 Citations identified from database search 3 Citations identified through other sources

KQ indicates key question; USPSTF, US Preventive Services Task Force.

Table 1. Accuracy of Tests Used for Screening for Bacterial Vaginosis, Compared With Gram Stain Reference Standard

Test
No. of studies/
No. of participants

Sensitivity
(95% CI)

Specificity
(95% CI)

Positive LR
(95% CI)

Negative LR
(95% CI)

BD Affirm, pooled 5/2936 0.87 (0.80-0.92) 0.81 (0.73-0.88) 4.6 (3.1-6.8) 0.16 (0.11-0.26)

BD Max 1/1338 0.93 0.92 10.9 0.08

BV Blue, range 3/864 0.61-0.92 0.86-0.99 6.3-41.3 0.09-0.14

Complete Amsel clinical criteriaa,
pooled

15/7171 0.76 (0.63-0.85) 0.95 (0.89-0.98) 14.1 (6.8-29.2) 0.26 (0.17-0.39)

Modified Amsel clinical criteriab,
pooled

5/2674 0.67 (0.54-0.78) 0.96 (0.93-0.98) 17.3 (10.4-28.8) 0.34 (0.24-0.48)

Abbreviation: LR, likelihood ratio.
a Clinical diagnosis is based on the presence of at least 3 of 4 criteria: vaginal pH

greater than 4.5, at least 20% of epithelial cells are clue cells on microscopy,
amine odor when potassium hydroxide is added to vaginal secretions, thin
homogenous discharge.

b Similar to complete Amsel criteria except the requirement for thin
homogenous discharge is waived. Studies vary with respect to whether all 3
remaining criteria were required or whether 2 of 3 remaining criteria were
required.
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Benefits of Treatment
Key Question 4. Does treatment of bacterial vaginosis during preg-
nancy reduce preterm delivery and related morbidity and mortality?

Thirteen RCTs (n = 8751) reported findings related to preterm
delivery, other pregnancy outcomes, or clearance of bacterial
vaginosis.45-57 Study characteristics are summarized in Table 2, with
additional characteristics described in eTable 3 in the Supplement.
Nine RCTs45,46,48,50,52,53,55-57 were assessed as good methodologi-
cal quality, and 4 RCTs47,49,51,54 were assessed as fair quality, primar-
ily because of concerns related to lack of information on allocation
concealment and lack of information to assess adequacy of
randomization,51 lack of treatment blinding,49,51 post hoc sub-
group analyses,47,49 or lack of intent-to-treat analyses.54 Individual
study methodological quality is described in eTable 4 in the Supple-
ment. No studies reported subgroup findings by maternal or ges-
tational age, race or ethnicity, HIV status, or other population char-
acteristics specified by the KQs.

Four studies were conducted in the US45,47,53,54; the others were
conducted in Australia52 and various countries in Europe.46,48-51,55-57

Ten of the 13 studies (n = 7953) were conducted among general ob-
stetric populations, meaning that patients were enrolled without re-
gard to their risk for preterm delivery.45,46,48-53,55,56 The percent-
age of participants with a prior preterm delivery in these studies
ranged from 0% to 10.9%. Two of these studies (n = 194) also re-
ported findings among subgroups considered at high risk for pre-
term delivery because of a prior preterm delivery.45,52 Three of the
13 studies (n = 279) were conducted solely among participants con-
sidered at high risk for preterm delivery.47,54,57 All 3 defined high risk
as a previous preterm delivery; however, 1 study also considered
women with a prepregnancy weight less than 50 kg and no previ-
ous preterm delivery as high risk.47 Most studies identified asymp-
tomatic patients during routine prenatal visits and enrolled partici-
pants during the second trimester, although criteria for enrollment
varied. Three studies enrolled participants without regard to bac-
terial vaginosis status but reported findings for the subgroup of par-
ticipants testing positive for bacterial vaginosis at study entry. Study
findings are only reported in this article from the subgroups with bac-
terial vaginosis.47,49,57

Three studies evaluated the use of oral metronidazole,45,52,54

2 studies evaluated oral clindamycin,55,56 1 study evaluated oral met-
ronidazole and erythromycin,47 and 7 evaluated intravaginal
clindamycin.46,48-51,53,57 The dosages and durations of treatment var-
ied across studies, and most, but not all, used a placebo control. Two
studies repeated treatment if the test of a cure demonstrated per-
sistent bacterial vaginosis,49,52 and 3 studies repeated dosing at a
later follow-up point without regard to results from a test of cure for
some or all participants.45,55,57 Twelve of the 13 RCTs45-56 reported
findings related to preterm delivery prior to 37 weeks’ gestational
age; 1 RCT57 only reported preterm delivery defined as delivery prior
to 34 weeks. Detailed results are summarized in eTable 5 in the
Supplement.

Preterm Delivery in General Obstetric Populations
Ten RCTs conducted among general obstetric populations re-
ported preterm delivery outcomes (Figure 3). The absolute risk of
delivery prior to 37 weeks’ gestational age in the placebo groups
ranged from 3.1% to 15.7%. Among the 6 studies reporting all-
cause preterm delivery, the pooled ARD comparing active treat-

ment with control was 0.20% (95% CI, −1.13% to 1.53%; 6307 par-
ticipants; I2 = 0%), and the pooled RR was 1.02 (95% CI, 0.86 to
1.20).45,46,51-53,55 No individual studies reported a significant differ-
ence between active treatment and control. Among the 8 studies
reporting spontaneous preterm deliveries, the pooled ARD com-
paring active treatment with control was −1.44% (95% CI, −3.31%
to 0.43%; 7571 participants; I2 = 61.9%), and the pooled RR was 0.78
(95% CI, 0.56 to 1.07).45,48-52,55,56 Two of the 8 studies reported sta-
tistically significant reductions in spontaneous preterm delivery for
active treatment compared with control,50,56 while the other 6 re-
ported no significant differences between active treatment and con-
trol. One of the studies that reported a significant reduction in spon-
taneous preterm delivery enrolled participants (n = 409) with either
bacterial vaginosis or intermediate flora50; other population or in-
tervention characteristics that might explain this inconsistency could
not be identified.

Three RCTs reported the incidence of preterm delivery prior to
32 weeks’ completed gestation among a general obstetric popula-
tion (eFigures 4 and 5 in the Supplement).45,51,55 The pooled ARD
was −0.30% (95% CI, −0.97% to 0.38%; 5564 participants;
I2 = 15.4%), and the pooled RR was 0.87 (95% CI, 0.54 to 1.42). All
3 studies observed no significant differences between active treat-
ment and control. One RCT also reported no significant difference
in preterm delivery at less than 34 weeks’ gestation (ARD, −0.04%
[95% CI, −2.0% to 1.92%]; RR, 1.0 [95% CI, 0.7 to 1.5]).45

Other pregnancy-related outcomes in a general obstetric popu-
lation for which a pooled summary estimate was calculatable are pro-
vided in eFigures 4 and 5 in the Supplement. No significant associa-
tion between treatment and low birth weight, very low birth weight,
or premature rupture of membranes was observed. Studies also re-
ported outcomes for which pooled summary estimates could not
be generated, including maternal peripartum infection,48 stillborn
fetus,49 preterm labor,53 and neonatal mortality55; authors ob-
served no significant differences between active treatment and con-
trol for these outcomes.

Preterm Delivery in Women With Prior Preterm Delivery
Five RCTs reported preterm delivery outcomes in this subgroup; 3 re-
ported incidence of preterm delivery at less than 37 weeks,45,47,52,54

1 reported incidence of preterm delivery at less than 34 weeks,57

and 1 reported incidence of preterm delivery at both less than 37 weeks
and less than 34 weeks.39 Findings for this subgroup were not pooled
because of heterogenous outcome measures.

In the 4 RCTs (n = 451) conducted among participants with a
previous preterm delivery or that reported subgroup findings for
such women, the incidence of preterm delivery at less than 37
weeks’ gestation in control groups ranged from 22.5% to 57.1%
(Figure 4).45,47,52,54 Carey et al45 and Hauth et al47 reported all-cause
preterm delivery, and Morales et al54 and McDonald et al52 reported
spontaneous preterm delivery. Three of the 4 RCTs reported a sta-
tistically significant favorable treatment effect (ARDs ranging from
–18.3% to –29.4%),47,52,54 while Carey et al45 (subgroup n = 160) ob-
served no significant treatment effect (ARD, 7.50% [95% CI, −6.09%
to 21.09%]). The inconsistency in findings could not be explained
based on study or population characteristics (further details are re-
ported in the eResults in the Supplement).

Two RCTs reported the incidence of preterm delivery at less
than 34 weeks’ gestation among participants with a prior preterm
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delivery (Figure 4).54,57 In Morales et al (n = 80),54 4 participants
(11%) in the placebo group and 2 participants (4.6%) in the oral
metronidazole group had a spontaneous preterm delivery at less
than 34 weeks (calculated ARD, −6.57% [95% CI, −18.5% to
5.40%]). Vermeulen and Bruinse57 reported the incidence of all-
cause preterm delivery at less than 34 weeks’ gestation among a
subgroup of 22 participants with bacterial vaginosis and observed
1 event in both the vaginal clindamycin and the placebo group.

With respect to other pregnancy outcomes, Morales et al
(n = 80)54 reported a significant treatment effect on preterm labor
(calculated ARD, −50.51% [95% CI, −69.41% to −31.60%]), prema-
ture rupture of membranes (calculated ARD, −28.79% [95% CI,
−45.37% to −12.21%]), and birth weight less than 2500 g (calcu-
lated ARD, −19.7% [95% CI, −38.13% to −1.26%]). Vermeulen and
Bruinse (n = 22)57 reported no significant treatment effect on
neonatal sepsis.

Preterm Delivery Based on Bacterial Vaginosis
Clearance Status
Some studies conducted among a general obstetric population re-
ported preterm delivery outcomes for subgroups of participants who
had documented clearance or persistence of bacterial vaginosis af-
ter treatment. Among a subgroup of participants who had follow-up
Gram staining after initial testing and treatment, Carey et al
(n = 1704)45 reported no significant difference in preterm delivery
among women with clearance of bacterial vaginosis (incidence,
10.6%) vs those with persistence of bacterial vaginosis (incidence,
10.7%) (P = .95). Kekki et al48 also reported no significant differ-
ence in preterm delivery between active treatment and control
among a subgroup (n = 121) of women with documented clearance
of bacterial vaginosis 1 week after treatment (calculated ARD, 2.30%
[95% CI, −1.45% to 6.06%]).

Harms of Treatment
Key Question 5. What are the harms of treatment of bacterial vagi-
nosis in pregnant adolescents and women?

Fourteen studies reported on the harms of treatment. Eight RCTs
reported on maternal adverse events,45,48,49,51,52,55-57 and 6 stud-
ies reported on adverse outcomes in children exposed to medica-
tion in utero.58-63 eTable 6 in the Supplement provides an assess-
ment of individual study methodological quality.

Maternal Adverse Events
Among the 13 RCTs reporting on the benefits of treatment for
bacterial vaginosis during pregnancy (KQ4), 8 (n = 7758)
reported on maternal adverse events. These 8 RCTs included
4 trials of intravaginal clindamycin,48,49,51,57 2 trials of oral
clindamycin,55,56 and 2 trials of oral metronidazole.45,52 Re-
sults from individual studies are presented in eTable 7 in the
Supplement. Across this body of evidence, maternal adverse
events from treatment with oral clindamycin or oral metronida-
zole generally occurred at a higher incidence compared with con-
trol treatment but were not severe (eg, gastrointestinal symp-
toms, candida infection). For example, in Carey et al (n = 1704;
oral metronidazole),45 the ARD for gastrointestinal symptoms
was 12.5%, and in Subtil et al (n = 2860; oral clindamycin),55 the
ARD was 1.2%. Adverse events from intravaginal clindamycin
were infrequent and mild (eg, vaginal itching).Fi
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Adverse Childhood Outcomes Associated
With In Utero Exposure to Medication
Six studies (eTable 8 in the Supplement) reporting adverse child-
hood outcomes associated with in utero exposure to metronidazole
were included.58-63 Three observational studies (n = 62 271)60-62 and
2 meta-analyses58,59 reported on outcomes related to congenital ab-
normalities and malformations, and 1 observational study
(n = 328 846)63 reported on incidence of childhood cancer. One study
was assessed as poor methodological quality because of confound-
ing and because of a large amount of missing data61; however, it was
retained for continuity with the previous review. All other studies were
assessed as fair methodological quality.

The studies included for this KQ did not provide information
about the indication for metronidazole treatment; the setting of
treatment (ie, inpatient vs outpatient); or the dose, duration, and
route of treatment. Furthermore, the populations were not limited
to women exposed to metronidazole specifically for the treatment
of bacterial vaginosis in pregnancy, which may limit applicability;
however, those studies were retained in this update for continuity
with the previous review.

The 2 included meta-analyses found no significant association
between metronidazole and congenital malformations (OR, 0.96
[95% CI, 0.75 to 1.22; N not reported]58 and OR, 1.08 [95% CI, 0.90
to 1.29; n = 199 451]59). Similarly, 2 of the 3 observational studies60-62

found no association between metronidazole and congenital ab-
normalities. The exception was reported by Czeizel and
Rockenbauer.60 This fair-quality study (n = 47 963) found a signifi-
cant association between congenital anomalies and exposure to met-
ronidazole during the first month of gestation (OR, 2.24 [95% CI,
1.30 to 3.85]) but not for the second through third months or fourth
through ninth months.60 The authors noted that because the first
month of gestation is counted from the first day of the last men-
strual period, several of these weeks of exposure may be before con-
ception or during the all-or-none phase of fetal development; thus,
this finding may be spurious or the result of recall bias or uncon-
trolled confounding.60

One cohort study among women enrolled in Tennessee Med-
icaid did not find an association between metronidazole exposure
during pregnancy and diagnosis of first cancer before age 5 years
among exposed children (n = 328 846; adjusted RR, 0.81 [95% CI,
0.41 to 1.59]).63

Discussion
This evidence report reviewed studies on the diagnostic accuracy
of screening tests for bacterial vaginosis and studies evaluating the
benefits and harms of metronidazole or clindamycin treatment in
pregnancy. Table 3 summarizes the evidence by KQ and provides
an assessment of the strength of evidence. Compared with the 2008
review for the USPSTF on this topic, 2 RCTs were added and 2 RCTs
were excluded. Despite this change in the evidence base, the over-
all conclusions about no benefit in a general obstetric population re-
main unchanged from the prior report.

For diagnostic accuracy (KQ2), the strength of evidence was as-
sessed as low for adequate accuracy for all tests evaluated because
of fair methodological quality and inconsistency. Most studies were
conducted among symptomatic, nonpregnant women; thus, the ap-

plicability to asymptomatic pregnant women is not clear. For com-
plete Amsel and modified Amsel clinical criteria, the sensitivities ob-
served in the 2 studies23,40 conducted exclusively among pregnant
women were lower than the pooled summary estimates, suggest-
ing that the physiologic changes that occur in the vaginal environ-
ment during pregnancy may affect the sensitivity of 1 or more of the
clinical criteria used to identify bacterial vaginosis. Furthermore, a
lower sensitivity was not observed for the BD Affirm test in the 1 study
conducted exclusively in pregnant women.41 Although no formal
comparative assessment was conducted, the tests varied some-
what in accuracy. The laboratory-based tests (BD Affirm VPIII [Bec-
ton, Dickinson], BD Max, OSOM BVBLUE [Sekisui Diagnostics]) had
higher sensitivities than those based on Amsel clinical criteria but
lower specificities.

Among a general obstetric population, the strength of evi-
dence was moderate for no benefit of treatment on all-cause pre-
term delivery because of imprecision and low for no benefit of treat-
ment on spontaneous preterm delivery because of imprecision and
inconsistency. With respect to precision, although most studies were
powered for the outcome of preterm delivery, either a lower con-
trol group risk was observed than was expected or the treatment
effect observed was smaller than expected, resulting in imprecise
estimates. Regarding spontaneous preterm delivery, the strength
of evidence was also influenced by methodological considerations.
The consequences related to preterm delivery generally do not dif-
fer for medically indicated deliveries vs spontaneous deliveries, and
treatment could result in a medical complication that results in de-
livery after randomization but before the outcome reporting win-
dow that would not be captured. In addition, because an indicated
preterm delivery is a competing risk to a spontaneous preterm de-
livery, use of spontaneous delivery outcomes could introduce in-
formative censoring.

Among women with a prior preterm delivery, the strength of evi-
dence for preterm delivery at less than 37 weeks was insufficient be-
cause of inconsistency and imprecision. Furthermore, its applica-
bility is limited to treatment with oral metronidazole. A source for
the inconsistency in findings could not be identified. Findings from
3 of the 4 studies were based on subgroup analyses, some of which
were post hoc. The 2 studies reporting preterm delivery at less than
34 weeks did not observe any significant differences between
groups, but results were very imprecise.

Compared with placebo, the strength of evidence for serious ma-
ternal adverse events related to treatment was moderate for no dif-
ference for oral metronidazole and both oral and intravaginal clinda-
mycin. Compared with placebo, the strength of evidence for minor
adverse events was moderate for no difference for intravaginal
clindamycin and was moderate for an increase in minor events for
both oral metronidazole and oral clindamycin. These bodies of evi-
dence were rated as moderate because of imprecision due to rela-
tively infrequent events.

The strength of evidence for congenital malformations and in-
cidence of cancer among children exposed to metronidazole in utero
was insufficient. This evidence comprises observational studies with
no more than fair methodological study quality, and despite large
sample sizes, the incidence of these types of events was rare, re-
sulting in imprecise estimates. This evidence applies to metronida-
zole exposure during pregnancy across a range of medical indica-
tions and is not specific to treatment for bacterial vaginosis.
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Limitations
This review has several limitations. First, no available evidence that
directly evaluated the health benefits and harms of screening (KQ1 and
KQ3) was identified. Second, for diagnostic test accuracy (KQ2), lim-
ited evidence was available for pregnant, asymptomatic popula-
tions. Most studies were of only fair methodological quality, and for
most tests, moderate to substantial heterogeneity was observed. Most
studies used Gram stain as a reference standard; however, in light of
the advances in the molecular and microbiological understanding
of bacterial vaginosis, this may be an imperfect standard.

Third, for benefits of treatment (KQ4) and adverse maternal
events (KQ5), studies varied with respect to dose and duration of treat-
ment, use of a test of cure, and methodological quality. The findings
in women with a prior preterm delivery were inconsistent, and a source
for this inconsistency could not be identified. Fourth, with respect to
harms, trials were underpowered for maternal adverse events, and
the comparative harms of treatment were not assessed.

Fifth, this review was limited to treatment with only metroni-
dazole and clindamycin. Although other treatments for bacterial vagi-
nosis are available, they have not been studied in pregnant women.

Sixth, only observational studies were available to assess the harms
to children related to in utero exposure to medications (KQ5), and
all of these studies included women exposed to metronidazole for
any indication, including but not limited to bacterial vaginosis. Given
the infeasibility of conducting randomized studies large enough and
over a long enough duration to provide definitive evidence on in
utero exposure, it is unlikely that this body of evidence will become
stronger. However, these medications have had widespread and
longstanding use in clinical practice.

Conclusions
Accuracy of screening tests for bacterial vaginosis varies. The evi-
dence suggests no difference in the incidence of preterm delivery
and related outcomes from treatment for asymptomatic bacterial
vaginosis in a general obstetric population but was inconclusive for
women with a prior preterm delivery. Maternal adverse events from
treatment appear to be infrequent and minor, but the evidence about
harms from in utero exposure was inconclusive.
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