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ABSTRACT
Objective To examine associations between Neisseria
gonorrhoeae (NG) infection during pregnancy and the
risk of preterm birth, spontaneous abortion, premature
rupture of membranes, perinatal mortality, low birth
weight and ophthalmia neonatorum.
Data sources We searched Medline, EMBASE, the
Cochrane Library and Cumulative Index to Nursing and
Allied Health Literature for studies published between
1948 and 14 January 2020.
Methods Studies were included if they reported testing
for NG during pregnancy and compared pregnancy,
perinatal and/or neonatal outcomes between women
with and without NG. Two reviewers independently
assessed papers for inclusion and extracted data. Risk
of bias was assessed using established checklists for
each study design. Summary ORs with 95% CIs were
generated using random effects models for both crude
and, where available, adjusted associations.
Results We identified 2593 records and included 30
in meta-analyses. Women with NG were more likely to
experience preterm birth (OR 1.55, 95% CI 1.21 to 1.99,
n=18 studies); premature rupture of membranes (OR
1.41, 95% CI 1.02 to 1.92, n=9); perinatal mortality
(OR 2.16, 95% CI 1.35 to 3.46, n=9); low birth weight
(OR 1.66, 95% CI 1.12 to 2.48, n=8) and ophthalmia
neonatorum (OR 4.21, 95% CI 1.36 to 13.04, n=6).
Summary adjusted ORs were, for preterm birth 1.90
(95% CI 1.14 to 3.19, n=5) and for low birth weight
1.48 (95% CI 0.79 to 2.77, n=4). In studies with
a multivariable analysis, age was the variable most
commonly adjusted for. NG was more strongly associated
with preterm birth in low-income and middle-income
countries (OR 2.21, 95% CI 1.40 to 3.48, n=7) than in
high-income countries (OR 1.38, 95% CI 1.04 to 1.83,
n=11).
Conclusions NG is associated with a number of
adverse pregnancy and newborn outcomes. Further
research should be done to determine the role of NG
in different perinatal mortality outcomes because
interventions that reduce mortality will have the greatest
impact on reducing the burden of disease in low-income
and middle-income countries.
PROSPERO registration number CRD42016050962.

poor pregnancy outcomes.1–3 Neisseria gonorrhoeae
(NG) has been associated with premature rupture
of membranes (PROM),1 preterm birth (PTB),1 4 5
low birth weight (LBW),1 4–6 neonatal and perinatal
mortality7 8 as well as neonatal conjunctivitis.9 10
Preterm birth and its complications are a leading
cause of perinatal mortality and the majority
of perinatal and neonatal deaths occur in low-
resource settings.11 12 Information about associations between NG during pregnancy and adverse
pregnancy and birth outcomes is therefore necessary to improve our understanding of the evidence
for causality, and to determine the potential impact
of preventive interventions.1 13
To date, systematic reviews about adverse pregnancy and birth outcomes have examined, and
found, associations with Chlamydia trachomatis
(CT),14–16 Trichomonas vaginalis (TV)17 and Mycoplasma genitalium (MG).18 The objective of this
study was to systematically review associations
between NG infection during pregnancy and the
risk of PTB, spontaneous abortion, PROM, perinatal mortality, LBW and ophthalmia neonatorum.

METHODS

The protocol for this review has been published.19
We report our findings using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (online supplemental table S1).20

Eligibility criteria

Studies reporting NG detected by culture and/or
nucleic acid amplification test during pregnancy,
labour or post partum were eligible for inclusion
if they reported on one or more of the following
outcomes: PTB, spontaneous abortion, PROM
(preterm and term), LBW, perinatal or neonatal
mortality, or ophthalmia neonatorum. We included
clinical trials, cohort, case-
control and cross-
sectional studies but excluded individual case
reports, case series, opinion articles and studies
without a comparison group.

Information sources and search strategy
INTRODUCTION

Sexually transmitted infections (STIs) during pregnancy have been reported to be associated with

We searched Medline, Excerpta Medica database
(EMBASE), the Cochrane Library and Cumulative Index to Nursing and Allied Health Literature (CINAHL) from 1948 to 14 January 2020.
We examined reference lists of included studies
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Study selection and data extraction

One reviewer (LV) screened titles and abstracts (online supplemental text S2) and two reviewers screened the full text of
potentially relevant articles independently (LV, DE-G). Discrepancies were resolved by discussion or by the decision of a third
reviewer (NL). Data were extracted into a standardised, piloted
form in a Research Electronic Data Capture (REDCap) database
(Vanderbilt University, Tennessee, USA) recording study design,
participant characteristics, presence or absence of NG, pregnancy, perinatal or neonatal outcomes and other STI and genital
infections. Standard definitions for outcomes were used,19 or as
defined by the authors (online supplemental tables S2−S4).

Risk of bias in individual studies

Two reviewers assessed the risk of bias in each study indeG), using checklists for cross-
sectional,21
pendently (LV, DE-
case-control and cohort studies,22 published by the UK National
Institute for Health and Care Excellence (NICE). A third
reviewer (NL) resolved discrepancies. Each study was assessed

qualitatively overall as having all or most (++), some (+), or
few or no checklist criteria fulfilled (−).

Data synthesis and analysis

We used Stata V.14.0 (StataCorp, College Station, Texas, USA)
for all analyses. Where possible, we used the odds ratio (OR) as
the measure of association for all study designs, assuming that the
relative risk (RR) and OR would be similar, as the outcomes of
interest are rare events. We calculated the crude OR and its 95%
CI using raw data from the paper, or extracted values provided
by the authors if raw data were not available. Where authors
reported a multivariable analysis, we extracted the adjusted OR
(aOR, 95% CI) and recorded the variables included in the model.
We examined forest plots for each outcome ((figures 1 and 2;
online supplemental tables S3−S10), and used the I2 statistic to
examine the level of between-study heterogeneity other than
that due to chance.23
For outcomes reported by two or more studies of the same
design, we used a random effects model to estimate a summary
OR (95% CI), which is the average effect across all included
studies.24 We first stratified these estimates by study design
because there are sources of bias that could result in overestimation or underestimation of an association and these biases differ
according to the study design. If the stratified estimates were
similar, as visualised in forest plots, we also reported the overall

Figure 1 Unadjusted effect sizes for Neisseria gonorrhoeae during pregnancy and preterm birth.
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or relevant reviews for additional articles. The searches did
not apply language restrictions, but we included only articles
published in English or German (languages spoken fluently by
review team members). Details of the search strategy are listed
in online supplemental text S1.

Review

summary OR from meta-analysis, with its prediction interval for
the estimated range of effect sizes across settings.24 Meta-analysis
of the results of aORs used the same approach as for unadjusted
estimates. For the outcome PTB, for which there were >10
included studies, we categorised studies as high-
income and
non-high-income (combining low-income and middle-income
countries), based on the World Bank list.25 We repeated all meta-
analyses using a fixed effects model as a sensitivity analysis.

Risk of bias across studies

Publication bias was examined by generating a funnel plot for
outcomes that were reported by 10 or more studies.

RESULTS

In total, 2914 records were identified and 2593 screened,
after exclusion of duplicates. Eighty-five full-text articles were
assessed and 33 studies were included, with 30 reporting data
in a format suitable for meta-
analysis (online supplemental
figure S1). Three studies were excluded from meta-
analyses
because of zero counts or missing data,26–28 another three
studies reported on more than one outcome but had sufficient data for only one outcome (online supplemental table
S5).29–31 The 33 studies reported on 60 outcomes. Twenty-one
studies reported PTB,4–8 27–29 31–43 3 reported spontaneous
abortion,34 41 44 12 reported PROM,6 8 26 29–31 34 40 41 43 45 46 9
reported perinatal mortality outcomes,7 8 28 30 34 35 41 47 48 8
reported LBW4 6 7 35 37 40 42 49 and 7 reported ophthalmia neonatorum7 9 26 42 50–52 (online supplemental tables S2-S4).
We included 14 cohort, 11 case-control and 8 cross-sectional
studies published between 1976 and January 2020. The number
of outcomes reported varied from 6236 to 31 720.43 Two-thirds
(22/33) of studies took place in high-income and upper middle-
income settings (table 1; online supplemental tables S2-S4); most
took place in health facilities (28/33) and more than half were in
urban locations (19/33). Thirteen studies reported participant’s
age, 23 ethnicity, 6 smoking status and 4 reported multiple
Vallely LM, et al. Sex Transm Infect 2021;0:1–8. doi:10.1136/sextrans-2020-054653

pregnancies (full descriptive details are available in online
supplemental tables S6-S8).
Characteristics of specimen collection, timing and laboratory tests are reported in online supplemental tables S2-S4.
Briefly, 25 studies reported the timing of specimen collection, of which 12 obtained specimens during pregnancy;
29 30 32 34 36 37 43–45 48 50 52
2 collected specimens intrapartum;46 51
6 9 38 42 49
3 during both the antenatal and post5 post partum;
partum period;35 39 47 the remaining three studies tested during
pregnancy or intrapartum,41 intrapartum or post partum7 and
intrapartum and post partum.31 Most studies reported specimen type (26), with 24 collecting endocervical and/or vaginal
swabs.5 6 9 26 27 30–34 36–39 41 44–52 Twenty-nine reported type of
laboratory test.4–9 26 27 29–39 41 42 44–47 49–52
Twenty studies reported provision of treatment at the time of
NG diagnosis: 8 treated all positive women4 9 30 35 45 47 51 52; 12
treated some women.5 8 26 32 34 37–39 41 42 44 49 Provision of treatment was unclear in 12 studies6 7 27–29 31 33 36 40 43 46 48 and 1 study
did not provide treatment50 (online supplemental tables S9-S11).
Most studies (29) tested for other STI and genital
infections: 6 tested for BV,4 6 33 36 47 52 25 tested for
CT,4–7 9 27–36 38–40 42 43 45–47 50 52 9 tested for HIV,4 6 7 35 44 47–49 52 5
tested for MG,27 32–34 38 14 tested for syphilis4–7 26 33 39 40 43 44 47–49 52
and 10 tested for TV4 27 28 33 35 38 39 46 47 52 (online supplemental
tables S9-S11).

Risk of bias
Based on the NICE checklists, of the 33 studies, 2 met
all or most (++) checklist criteria,4 7 7 met all/ most or
some (++/+),6 29 35 38 40 43 47 10 studies met some (+)
criteria,8 27 32 33 44–46 48 49 52 7 met some or few/no criteria
(+/−),9 28 34 37 39 50 51 and 7 met few or no checklist criteria
(−)5 26 30 31 36 41 42 (table 1, online supplemental tables S12-S14).
There was evidence of publication bias and other small study
effects (Egger’s test, p=0.008) for the association between NG
and preterm birth (online supplemental figure S2).
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Figure 2 Adjusted effect sizes for Neisseria gonorrhoeae during pregnancy and preterm birth.

Review
Summary, characteristics of included studies by country income group

Study

Study design

Sample size for outcome of interest;
Specimen
number of adverse outcomes in women with gonorrhoea/total number of women with adverse outcome (%)
collection timing
and type
PTB
Sp. ab.
PROM
PM
LBW
ON

NICE checklist
criteria fulfilled,
internal/external
validity*
+/+

High-income group
Agger WA, et al32

Cohort

First or second
trimester; cervical

Alger LS, et al45

Case-control

Second or third
trimester; cervical

Amstey MS,
Steadman KT41

Cross-sectional

First or third
trimester or
intrapartum;
cervical

4444;
56/613 (9)

Baer RJ, et al43

Cross-sectional

Second or third
trimester; unclear

31 720;
NR

Burton AE, Thomas Case-control
S39

First, second or
third trimester;
urine and vaginal

760;
18/380 (5)

Charles et al26

Cohort

NR/unclear;
cervical

Choi SJ, et al27

Case-control

NR/unclear;
vaginal

217†;
0/100 (0)

Edwards LE, et al8

Case-control

Unclear; NR/
unclear

564;
22/57 (39)

Edwards RK, et al33 Cohort

NR/unclear;
cervical

134;
0/37 (0)

Heumann CL,
et al40

Case-control

NR/unclear; NR/
unclear

4095;
93/353 (26)

Hill MG, et al

Cohort

First, second or
982;
third trimester; NR/ 5/171 (1)
unclear

Johnson HL, et al4

Case-control

NR/unclear; NR/
unclear

702;
13/135 (10)

Kataoka S, et al34

Cohort

First trimester;
vaginal

877;
0/15 (0)

Mann JR, et al 28

Cross-sectional

Unclear; NR/
unclear

7931†;
749/7931 (9)

Maxwell GL,
Watson WJ30

Case-control

Second or third
trimester; cervical

Stoll BJ, et al37

Cohort

First, second or
third trimester;
cervical

29

676;
0/54 (0)
129;
6/45 (13)
5065;
24/620 (4)

4444;
52/851 (6)

+/+
5065;
15/149 (10)

−/−

31 720;
53/NR

+/++
+/−

NR;
10/NR

2160*;
0/0 (0)

−/−
+/+

564;
50/148 (34)

564;
5/11 (45)

+/+
+/+

4095;
90/416 (22)

4095;
80/266 (30)

+/++

933†;
0/37 (0)

+/++

679;
8/112 (7)
877;
0/5 (0)

877;
0/7 (0)

++/++

877;
0/1 (0)

+/−
+/−

NR;
11/182 (6)
11 018;
30/837 (4)

182;
1/8 (13)

−/−

11 018;
14/319 (4)

11 018;
71/1754 (4)

1373;
4/41 (10)

1373;
21/244 (9)

+/−

Upper middle-income group
Adachi K, et al7

Cohort

Intrapartum or
1373;
post partum; urine 13/148 (9)

Donders GG, et al5

Cohort

NR/unclear;
cervical

167;
5/29 (17)

−/−

Hitti J, et al38

Case-control

Post partum;
cervical

1328;
1/661 (<1)

++/+

Moodley D, et al35

Cohort

First, second and
568;
third trimester and 13/157 (8)
post partum; NR/
unclear

Nasution TA, et al31 Cross-sectional

Intrapartum or
post partum;
vaginal, placental
swab or blood

Pourabbas B, et al50 Cross-sectional

Third trimester;
cervical

60†;
0/30 (0)

608;
9/77 (12)

1373;
0/2 (0)

550;
3/54 (6)

++/++

++/+

80;
0/40 (0)

−/−

239;
1/29 (3)

+/−

Lower middle-income group
Elliott B, et al6

Case-control

Post partum;
cervical

Galega FP, et al51

Cross-sectional

Intrapartum;
vaginal

319;
18/160 (11)

154;
4/46 (9)

319;
18/160 (11)

++/+
296;
12/12 (100)

+/−

Gichangi PB, et al49 Cohort

Post partum;
cervical

Gichuhi S, et al52

Case-control

Third trimester;
cervical

445;
1/99 (1)

+/+

Laga M, et al9

Cohort

Post partum;
cervical

781;
28/181 (15)

+/−

Mason PR, et al46

Cross-sectional

Intrapartum;
cervical

203;
11/51 (22)

105;
4/24 (17)

+/+

+/+

Continued
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Table 1

Review
Continued
Sample size for outcome of interest;
Specimen
number of adverse outcomes in women with gonorrhoea/total number of women with adverse outcome (%)
collection timing
and type
PTB
Sp. ab.
PROM
PM
LBW
ON

NICE checklist
criteria fulfilled,
internal/external
validity*
++/+

Study

Study design

Warr AJ, et al47

Cohort

Second and third
trimester and post
partum; vaginal

Schwab FD, et al36

Cohort

Second trimester;
vaginal swab

Temmerman M,
et al44

Case-control

First, second or
third trimester;
cervical

Christian P, et al42

Cross-sectional

Post partum; urine 607–707;
NR

Kupka R, et al48

Cohort

First, second and
third trimester;
cervical or vaginal

1221;
1/19 (5)
62;
0/23 (0)

−/−
387;
10/193 (5)

+/+

Low-income group
607–707;
NR
946;
1/21 (5)

607–707;
NR

−/−
+/+

*++, all or most checklist criteria fulfilled; +, some of checklist criteria fulfilled; −, few or no checklist criteria fulfilled.
†Study not included in meta-analysis.
LBW, low birth weight; NICE, National Institute of Health and Care Excellence; NR, not reported; ON, ophthalmia neonatorum; PM, perinatal mortality; PROM, premature rupture of membranes; PTB, preterm birth; Sp.
ab., spontaneous abortion.

Preterm birth

Twenty-
one studies reported on the association between NG
in pregnancy and PTB. Eighteen studies involving at least
60 396 women were included in meta-
analysis; nine cohort
studies,5 7 29 32–37 six case-
control4 6 8 38–40 and three cross-
sectional studies.41–43 The overall unadjusted summary OR for
NG and PTB was 1.55 (95% CI 1.21, 1.99; I2 61.1%; prediction
interval 0.72, 3.35) (figure 1, table 2). Eleven studies were from
high-income countries4 8 29 32–34 37 39 41 43 45 (table 1). NG was
more strongly associated with PTB in non-high-income countries (OR 2.21, 95% CI 1.40 to 3.48; I2 14.7%) than in high-
income countries (OR 1.38, 95% CI 1.04 to 1.83; I2 68.6%)
(online supplemental figures S3, S4).
In five studies, multivariable analysis was conducted. The variables adjusted for differed between studies (online supplemental
table S15). The summary aOR for NG and PTB was 1.90 (95%
CI 1.14 to 3.19; I2 64.5%; overall prediction interval 0.36 to
10.03) (figure 2, table 2).

Spontaneous abortion

Three studies involving 6329 women reported on spontaneous
abortion.34 41 44 All three were different study designs, and none
reported a multivariable analysis. There was insufficient information from these studies to determine the strength of association

Table 2

Summary estimates from random effects analyses

Adverse outcome

Number of
studies

Summary estimate
OR (95% CI)

I2 (%)

Prediction
interval

Preterm birth
 Adjusted

5

1.90 (1.14 to 3.19)

64.5

0.36 to 10.03

18

1.55 (1.21 to 1.99)

61.1

0.72 to 3.35

 Adjusted

4

1.48 (0.79 to 2.77)

49.5

0.14 to 15.70

 Unadjusted

8

1.66 (1.12 to 2.48)

72.7

0.51 to 5.38

Premature rupture of
membrane

9

1.41 (1.02 to 1.92)

59.2

0.64 to 3.11

 Unadjusted

between NG and spontaneous abortion (online supplemental
figure S5).

Premature rupture of membranes

Twelve studies reported on the association between NG in pregnancy and PROM; three cohort,26 29 34 five case-control6 8 30 40 45
and four cross-sectional studies.31 41 43 46 Nine studies involving
42 168 women were included in the meta-analysis.6 8 31 34 40 41 43 45 46
The unadjusted summary OR for NG and PROM was 1.41 (95%
CI 1.02 to 1.92; I2 59.2%; prediction interval 0.64 to 3.11)
(table 2, online supplemental figure S6). None of the included
studies reported a multivariable analysis.

Perinatal mortality

Nine studies involving 21 854 women examined perinatal
mortality outcomes: six cohort,7 34 35 37 47 48 two case-control8 30
and one cross-sectional study.41 Of these, two reported neonatal
mortality,7 30 two perinatal mortality,8 41 three stillbirths34 35 48
and two reported on both stillbirths and neonatal mortality.37 47
The unadjusted summary OR for NG and any perinatal mortality
outcome was 2.16 (95% CI 1.35 to 3.46; I2 40.3%, prediction
interval 0.69 to 6.74) (table 2, online supplemental figure S7).
Two studies conducted a multivariable analysis for stillbirth.
Moodley et al adjusted for age, number of pregnancies, socioeconomic status, HIV-1, CT and TV infection.35 The aOR was
the same as the unadjusted OR (2.2; 95% CI 1.0 to 4.9). Kupka et
al adjusted for gestational age, maternal literacy, history of stillbirth, CD4 count and previous hospitalisation.48 They reported
relative risks and found a stronger association in the adjusted
than the unadjusted model (9.74, 95% CI 2.52 to 37.59 vs 7.58,
95% CI 1.33 to 43.28), but CIs were wide and overlapping.

Low birth weight

Low birth weight

Spontaneous abortion*

3

NA

NA

NA

Perinatal mortality

9

2.16 (1.35 to 3.46)

40.3

0.69 to 6.74

Ophthalmia neonatorum

6

4.21 (1.36 to 13.04)

58.0

0.17 to 104.58

*Each study had a different design, therefore it was not appropriate to report a summary estimate for
this outcome.
NA, not applicable.

Vallely LM, et al. Sex Transm Infect 2021;0:1–8. doi:10.1136/sextrans-2020-054653

Eight studies involving at least 18 844 infants reported LBW:
four cohort,7 35 37 49 three case-
control4 6 40 and one cross-
42
sectional study. The summary unadjusted OR for the association between NG and LBW was 1.66 (95% CI 1.12 to 2.48; I2
72.7%; prediction interval 0.51 to 5.38) (table 2, online supplemental figure S8). Five studies reported multivariable analyses.4 6 35 40 49 The studies adjusted for different variables, only
four provided enough details to include in meta-analysis4 6 35 40
(online supplemental table S15). The summary aOR was 1.48
5
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Table 1

Review

This systematic review included 33 studies for the qualitative analysis and 30 studies for meta-analysis. In studies that
controlled for potential confounding, NG during pregnancy
was associated with an increase in the adjusted odds of PTB of
1.90 (95% CI 1.14 to 3.19, five studies) and in the adjusted
odds of LBW of 1.48 (95% CI 0.79 to 2.77, four studies). The
odds of PROM, perinatal mortality and ophthalmia neonatorum
were also increased in women with NG, but most studies of
these outcomes did not provide estimates that controlled for
confounding. There was insufficient evidence from studies of
spontaneous abortion. The association between NG in pregnancy and PTB was stronger in studies conducted in low-income
and middle-income countries than in high-income countries.
The main strength of this review was the use of a protocol19
to define the outcomes and analyses in advance and independent
work by two reviewers to reduce bias in study selection, data
extraction and risk of bias assessment. An additional strength
is the calculation of prediction intervals for the summary estimates.24 With random effects meta-analysis, the summary OR
is an average of the effect estimate and its 95% CI. The prediction interval gives information about the range of effect sizes
across the settings in which studies included in the review were
conducted.24 We combined effect estimates from different study
designs if the stratified summary estimates were similar. The
biases affecting individual studies and each observational study
design differ, with some likely to overestimate the strength of
association and others likely to underestimate it. Triangulation
of findings across study designs is a strength of this review.
Consistency in the direction and strength of effects can increase
confidence in a causal interpretation, if confounding is addressed
adequately.53 There are also weaknesses in the review methods.
Despite searching multiple databases, our search strategy might
have missed relevant studies, for example, in languages other
than English or German.
Our searches did not find any other systematic review of the
association between NG and adverse pregnancy outcomes. In
narrative reviews, the findings tend to group different adverse
outcomes together and to cite those from studies that find the
strongest associations.1 54 The advantage of this review is the
systematic inclusion of all eligible studies and examination of
evidence separately for each outcome.

Our findings suggest that NG in pregnancy increases the risk of
PTB and LBW. The certainty of evidence for causal associations is
challenged by confounding and bias.55 In all observational study
designs, confounding is an issue so the confounder-adjusted effect
estimates are of most interest.53 In this systematic review, PTB
and LBW were the only outcomes for which there were enough
included studies to estimate a confounder-
adjusted summary
OR. For PTB, the summary aOR (1.90, 95% CI 1.14 to 3.19)
was higher than the unadjusted OR, but the wide CI included
the unadjusted summary estimate. For LBW, the 95% CI for the
summary aOR (1.48, 95% CI 0.79 to 2.77) was compatible with
there being no increased risk of LBW, but might reflect the small
number of studies. The presence of co-infections, especially HIV,
could also confound these associations. All studies reporting
the outcomes PTB and LBW reported testing for other genital
infections, but only Moodley et al, reporting from a high-burden
setting, adjusted for co-infections (CT, TV and HIV)35 for these
two outcomes. In that study, adjustment did not change the
effect size. Of the other 18 studies reporting PTB and/or LBW,
15 reported co-infection with CT, four with TV and four with
HIV. Each of these infections has been reported to be associated
with LBW14 15 56 and PTB.15 17 56 Measurement bias might also
have resulted in underestimation of the strength of association
because, in most studies, women with NG had received treatment. These studies are measuring the outcome of treated NG,
when the causal association of interest is with untreated NG.55 In
this situation, cross-sectional studies that measure the presence
of NG at the time of delivery are assessing the association with
untreated infection. Although the onset of infection is unknown,
adjusted estimates from such studies might be less biased than
some cohort and case-control studies.55
For spontaneous abortion there were only three studies, with
insufficient evidence to determine whether there is an association with NG. The association with ophthalmia neonatorum was
strong and is known to be causal because there is evidence from
randomised controlled trials that effective antiseptic or antimicrobial treatment prevents the condition.57 The association
with perinatal mortality outcomes deserves further investigation
to determine whether it is a consequence of PTB and LBW, or
whether NG is an independent risk factor. The potential mechanisms linking NG to adverse perinatal outcomes are not well
understood but NG might cause low-grade inflammation of the
placenta and fetal membranes, increasing the risk of chorioamnionitis and thus PROM and PTB.58 If placental inflammation
or infection of the amniotic cavity are implicated in the pathogenesis of PTB, the timing of NG infection and treatment during
pregnancy might modify the risk. There was insufficient data
in the included studies to formally examine the effects of these
factors in the meta-analyses.
Future studies to investigate the role of NG as a cause of
adverse pregnancy outcomes should be designed to address the
limitations of many of the studies in this review. First, observational studies should collect data about potential confounding
factors and be large enough to conduct multivariable analyses.
Second, if treatment is given, the timing should be recorded so
that study findings can be interpreted with this information.
Third, samples should be taken for other STIs and vaginal microbiota so that the role of co-infections can be better understood.
Randomised controlled trials are one way to examine the causal
role of NG. Several trials of screening and treatment interventions are underway.59 60 However, it will be difficult to determine
the effect of NG alone, because the interventions often include
treatment for multiple infections. These trials are taking place
in low-income and middle-income countries where the burden
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Ophthalmia neonatorum

Seven studies reported on the association between NG and
ophthalmia neonatorum: three cohort,7 9 26 three cross-
sectional42 50 51 and one case-control study.52 One was excluded
from meta-
analysis as there were no events. The six studies
included in the meta-analysis involved at least 3741 infants. The
unadjusted summary OR for NG and ophthalmia neonatorum
was 4.21 (95% CI 1.36 to 13.04; I2 58%; prediction interval
0.17 to 104.58) (table 2, online supplemental figure S10). None
of the included studies reported a multivariable analysis.

Sensitivity analysis

Sensitivity analysis was undertaken for all outcomes. Effect estimates from fixed effect meta-analyses were similar to those from
random effects models but tended to be slightly lower (online
supplemental table S16).

DISCUSSION
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(95% CI 0.79 to 2.77; I2 64.5%; prediction interval 0.14 to
15.70) (table 2; online supplemental figure S9).

Review

Key messages
►► Women with Neisseria gonorrhoeae (NG) in pregnancy are

more likely to experience adverse birth outcomes including
preterm birth, premature rupture of membranes, low birth
weight, perinatal mortality and ophthalmia neonatorum.
►► NG was more strongly associated with preterm birth in low-
income and middle-income countries than in high-income
countries.
►► Further studies are required to address the gap in evidence
about the effects of testing and treatment of NG in
pregnancy, particularly in low-income and middle-income
settings.
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Text File S1: Search strategy
1. Terms for population

“pregnancy” or “prenatal” or “antenatal”

2. Terms for exposure

“Neisseria gonorrhoeae” or “gonorrhoeae” or “gonorrhoea”

3. Terms for outcomes

“birth outcome” or “adverse birth outcome” or “adverse pregnancy
outcome” or “perinatal morbidity” or “perinatal mortality” or
“perinatal outcome” or “premature birth” or “premature delivery” or
“very preterm birth” or “preterm birth” or “preterm delivery” or
“premature labour” or “preterm labour” or “premature labor” or
“preterm labor” or “premature rupture of membranes” or “preterm
rupture of membranes” or “preterm premature rupture of
membranes” or “low birth weight” or “intrauterine growth
retardation” or “intrauterine growth restriction” or “small for
gestational age” or “gestational age” or “stillbirth” or “perinatal death”
or “neonatal mortality” or “neonatal morbidity” or “neonatal death” or
“fetal death” or “miscarriage” or “spontaneous abortion” or
“ophthalmia neonatorum” or “chorioamnionitis”

4. Search = #1 + # 2 + # 3
Free text terms in the search strategy will use truncated and wildcard forms e.g. pregn*, gono*
The “explode” function was applied to each MeSH heading.
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Text File S2: Exclusion criteria at first stage
1. Any article in which the title mentions the following without reference to pregnancy, sexually
transmitted infections or N. gonorrhoeae was excluded in the first stage of the screening process:
Title contains
•
•
•
•
•
•
•
•
•
•

Sexual assault
Algorithm
Infertility
Contraception/ Family planning
Ectopic/tubal
UTI in women
Gonococcal arthritis
Gynecology/gynaecology
Induced abortion
Pelvic inflammatory disease

•
•
•
•
•
•
•
•
•

Syphilis (only)
Trachomatis (only)
Chlamydia (only)
Treatment guidelines/ treatment schedules
Anti-retroviral therapy
Tetanus
Sexual health
Child sex abuse
Polio

2. Any article that is found to be a case report, review article or letter was excluded at any stage of
the review process.
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Table S1: Preferred reporting items for systematic review and meta-analysis (PRISMA)
Section/topic

#

Checklist item

Page #

1

Identify the report as a systematic review, meta-analysis, or both.

1

2

Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and implications
of key findings; systematic review registration number.

2

Rationale

3

Describe the rationale for the review in the context of what is already known.

3

Objectives

4

Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons,
outcomes, and study design (PICOS).

3

Protocol and registration

5

Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide
registration information including registration number.

2,3

Eligibility criteria

6

Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered,
language, publication status) used as criteria for eligibility, giving rationale.

3

Information sources

7

Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify additional
studies) in the search and date last searched.

3

Search

8

Present full electronic search strategy for at least one database, including any limits used, such that it could be repeated.

3

Study selection

9

State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

4

Data collection process

10

Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes for
obtaining and confirming data from investigators.

Data items

11

List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and
simplifications made.

4

Risk of bias in individual
studies

12

Describe methods used for assessing risk of bias of individual studies (including specification of whether this was done at
the study or outcome level), and how this information is to be used in any data synthesis.

5

TITLE
Title

ABSTRACT
Structured summary

INTRODUCTION

METHODS

4,5

15

Vallely LM, et al. Sex Transm Infect 2021;0:1–8. doi: 10.1136/sextrans-2020-054653

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Sex Transm Infect

Summary measures

13

State the principal summary measures (e.g., risk ratio, difference in means).

4

Synthesis of results

14

Describe the methods of handling data and combining results of studies, if done, including measures of consistency (e.g.,
2
I ) for each meta-analysis.

4

Risk of bias across studies

15

Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective reporting
within studies).

4

Additional analyses

16

Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating
which were pre-specified.

4

Study selection

17

Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at each
stage, ideally with a flow diagram.

5

Study characteristics

18

For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and
provide the citations.

Risk of bias within studies

19

Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).

Results of individual
studies

20

For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each intervention
group (b) effect estimates and confidence intervals, ideally with a forest plot.

6,7

Synthesis of results

21

Present results of each meta-analysis done, including confidence intervals and measures of consistency.

6,7

Risk of bias across studies

22

Present results of any assessment of risk of bias across studies (see Item 15).

Additional analysis

23

Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).

Summary of evidence

24

Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to key
groups (e.g., healthcare providers, users, and policy makers).

Limitations

25

Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

9,10

Conclusions

26

Provide a general interpretation of the results in the context of other evidence, and implications for future research.

9,10

27

Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the
systematic review.

10

RESULTS

5,6
6

5
7,8

DISCUSSION

8

FUNDING
Funding
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Table S2: Descriptive tables: Study design, cohort studies (n=14)
First author,
publication year,
location of study
Adachi, 2016
Brazil, South Africa,
Argentina, USA

Assessment of
Gestational age
NR/unclear

Timing of
specimen
collection
Intrapartum or
postpartum

st

nd

Specimen type;
collection
method
Urine

Laboratory
test
NAAT

Total
number
enrolled
1373

Outcomes

Definition
Provided

PTB
LBW
PM
ON
PTB

32-36 weeks
<2500g
Not defined

PROM
ON

Not defined

a

Agger, 2014
USA

NR/unclear

1 or 2 trimester

Endocervical
swab; clinician
collected

NAAT

676

<37 weeks

Charles, 1970
USA

NR/unclear

NR/unclear

Endocervical
swab; clinician
collected

Culture

2160

Donders, 1993
South Africa

NR/unclear

NR/unclear

Culture

167

PTB

<37 weeks

Edwards, 2006
USA

NR/unclear

NR/unclear

NAAT

134

PTB

<37 weeks

Gichangi, 1997
Kenya

LMP

Postpartum

Culture

203

LBW

<2500g

Hill, 2015
USA

NR/unclear

1st, 2nd or 3rd
trimester

Endocervical
swab; clinician
collected
Endocervical
swab; clinician
collected
Endocervical
swab; clinician
collected
NR/unclear

NAAT

1120

PTB
PROM

Not defined
Not defined

Kataoka, 2006
Japan

US/LMP

1st trimester

Vaginal swab;
clinician collected

NAAT

877

PTB
SA
PROM
PM

<34 weeks
Not defined
Not defined
Not defined

a
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First author,
publication year,
location of study
Kupka, 2009
Tanzania

Assessment of
Gestational age

Laga, 1986
Kenya

Newborn
assessment

Postpartum

Moodley, 2017
South Africa

US/FH/LMP

Schwab, 2015
Indonesia

LMP

1st, 2nd and 3rd
trimester and
postpartumc
2nd trimester

Stoll, 1982
USA

NR/Unclear

1st, 2nd or 3rd
trimester

Warr, 2019
Kenya

US/FH/LMP

2nd and 3rd
trimester and
postpartum

LMP

Timing of
specimen
collection
1st, 2nd and 3rd
trimester

Specimen type;
collection
method
Endocervical
swab; vaginal
swab/clinician
collected
Endocervical
swab; clinician
collected
NR/unclear

Laboratory
test

Sex Transm Infect

Outcomes

Definition
Provided

NR

Total
number
enrolled
1017

PM

>28 weeksa

Culture

781

ON

b

NAAT

615

Vaginal swab;
NR/unclear

NAAT

62

PTB
LBW
PM
PTB

<37 weeks
<2500 g
≥21 weeks
<37 weeks

Endocervical
swab; clinician
collected
Vaginal swab,
self-collected

Culture

11018

NAAT

1221

PTB
LBW
PM
PM^

<35 weeks
<2500 g
Not defined
>20 weeks
<28 days

Abbreviations: FH, fundal height; LMP, last menstrual period; LBW, low birth weight; NAAT, nucleic acid amplification tests; NN, neonatal; NR, not reported; ON, ophthalmia neonatorum;
a
PROM, premature rupture of membranes; PTB, preterm birth; SA, spontaneous abortion; US, ultrasound; Data for fresh stillbirths (without signs or symptoms of skin disintegration or
b
c
maceration) included in meta-analysis; assumes standard definition of acute, mucopurulent infection occurring in the first 4 weeks of life; the trimester of swab collection is not clear from
the study; postpartum swabs were taken at 14 weeks postpartum. ^ Includes infants who died between 1-27 days of age.
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Table S3: Descriptive tables: Study design, case control studies (n=11)
First author,
publication year,
study location
Alger, 1988
USA

Assessment of
Gestational age

Timing of specimen
collection

Specimen type;
collection method

Laboratory
test

Total
number
enrolled
136

Outcomes

Definition
provided

US/FH/LMP

2nd or 3rd
trimester

Endocervical swab;
clinician collected

Culture

PROM

>20 up to 37
weeks

Burton, 2019
Australia

NR/unclear

Choi, 2012
South Korea

NR/unclear

1st, 2nd & 3rd
trimester and
postpartum
NR /unclear

Urine collection,
vaginal swab;
NR/unclear
Vaginal swab;
clinician collected

NAAT &
culture

760

PTB

<37 weeks

NAAT

217

PTB

Not defined

Edwards, 1978
USA

NR/unclear

NR/unclear

NR/unclear;
NR/unclear

Culture

564

Postpartum

Endocervical swab;
clinician collected

Culture

341

PTB
PROM
PM
PTB
PROM

Not defined
Not defined
Not defined
<37 weeks
RoM before
onset labour
<2500 g

Elliott, 1990
Kenya

Newborn
assessment

Gichuhi, 2009
Kenya

NR/unclear

3rd trimester

Endocervical swab;
clinician collected

NAAT

510

Heumann, 2017
USA

US

NR/unclear

NR/unclear;
NR/unclear

NR/unclear

4095

Hitti, 2010
Peru

US/LMP/
newborn
assessment
Newborn
assessment

Postpartum

Endocervical swab;
clinician collected

NAAT

1328

NR/unclear

NR/unclear;
clinician collected

Culture

730

Johnson, 2011
USA

LBW
ON

PTB
PROM

a

LBW
PTB

<37 weeks
>12 hours
before labour
<2500 g
20-36 weeks

PTB
LBW

<37 weeks
<2500 g
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First author,
publication year,
study location
Maxwell, 1992
USA

Assessment of
Gestational age

Timing of specimen
collection

Specimen type;
collection method

Laboratory
test

US/LMP

2nd or 3rd trimester

Endocervical swab;
clinician collected

Culture

Total
number
enrolled
182

Temmerman, 1992
Kenya

NR/unclear

1st, 2nd or 3rd
trimester

Endocervical swab,
vaginal swab;
clinician collected

Culture

390

Sex Transm Infect

Outcomes

Definition
provided

PROM

PROM 26-33
weeks
Not defined
<20 weeks

PM
SA

Abbreviations: FH, fundal height; LMP, last menstrual period LBW, Low Birth Weight; NAAT, nucleic acid amplification test; NN, neonatal; NR, not reported; ON, ophthalmia neonatorum;
a

PROM, premature rupture of membranes; PTB, Preterm birth; SA, spontaneous abortion; US, ultrasound; assumes standard definition of acute, mucopurulent infection occurring in the first
4 weeks of life.
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Table S4: Descriptive tables: Study design, cross sectional studies (n=8)
First author,
publication year,
location of study
Amstey, 1976
USA

Baer, 2019
USA
Christian, 2005
Nepal

Assessment of
Gestational age
NR/unclear

Timing of
specimen
collection
1st or 3rd trimester
or intrapartum

NR/unclear

2nd or 3rd trimester

LMP

Postpartum

Galega, 1984
Cameroon
Mann, 2010
USA
Mason, 1989
Zimbabwe

NR/unclear

Intrapartum

NR/unclear

NR/unclear

NR/unclear

Intrapartum

Nasution, 2007
Malaysia

NR/unclear

Intrapartum and
postpartum

Pourabbas, 2018
Iran

NR/unclear

3rd trimester

Specimen type;
collection
method
Endocervical
swab; clinician
collected

Laboratory
test
Culture

Total
number
enrolled
5065

Outcomes

Definition
provided

PTB
PROM

Not defined
RoM before
onset labour
Not defined
Not defined
<37 weeks
<37 weeks
<37 weeks
<2500g

Vaginal swab;
NR/unclear
NR/unclear;
NR/unclear
Endocervical
swab; clinician
collected

Culture

296

SA
PM
PTB
PROM
PTB
LBW
ON
ON

NR/unclear

86654

PTB

<37 weeks

Culture

214

PROM

RoM 12 hours
before onset
labour

Vaginal swab,
placental swab &
blood; clinician
collected
Endocervical
swab; clinician
collected

NAAT and
culture

180

PTB
PROM

<37 weeks
<37 weeks

NAAT

239

ON

a

NR/unclear;
NR/unclear
Urine;
self-collected

NR/Unclear

31,720

NAAT

709

a
a

Abbreviations: LBW, low birth weight; NAAT, nucleic acid amplification tests; NN, neonatal; NR, not reported; ON, ophthalmia neonatorum; PM, perinatal mortality (neonatal death and/or
a
stillbirth); PROM, premature rupture of membranes; PTB, preterm birth; RoM, rupture of membranes; SA, spontaneous abortion; assumes standard definition of acute, mucopurulent
infection occurring in the first 4 weeks of life.

21

Vallely LM, et al. Sex Transm Infect 2021;0:1–8. doi: 10.1136/sextrans-2020-054653

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Sex Transm Infect

Table S5. Studies or data not included in meta-analysis
First author,
publication year

Outcomes
not included

Reason not included
in meta-analysis

NG+/
outcome+

NG-/
outcome+

NG+/
outcome-

PROM
NG+/PROM-=m; NG-/PROM-=m
1
m
148
ON
NG+/ON+=0; NG-/ON+=0
0
0
158
Choi, 2012
PTB
NG+/PTB+=0; NG+/PTB-=0
0
100
0
a
Hill, 2015
PROM
NG+/PROM+=0; NG+/PROM-=0
0
37
0
Mann, 2010
PTB
NG+/PTB-=m; NG-/PTB-=m
749
7182
m
Maxwell, 1992b
PROM
NG+/PROM-=m; NG-/PROM-=m
11
171
m
c
Nasution, 2007
PTB
NG+/PTB+=0; NG+/PTB-=0
0
30
0
a
Data for PTB included in meta-analysis; b data for NN death included in meta-analysis; c data for PROM included in meta-analysis.
Charles, 1970

NG-/
outcomem
2002
117
896
m
m
30

Abbreviations: m, missing; ON, ophthalmia neonatorum; PROM, premature rupture of membranes; PTB, preterm birth; +, positive; -, negative
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Table S6: Study setting and socio-demographics, cohort studies (n=14)
First author,
year of
publication
Adachi, 2016
Agger, 2014
Charles, 1970
Donders, 1993
Edwards, 2006
Gichangi, 1997
Hill, 2015
Kataoka, 2006
Kupka, 2009
Laga, 1986
Moodley, 2017
Schwab, 2015
Stoll, 1982
Warr, 2019

Study
setting
NR/
Unclear
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility

Urban
/rural
location
NR/
Unclear
Mixed

Age in years
(range/mean/
median)
NR/26.9/26.0

Ethnicity

NR/NR/NR

Mixed

NR/
Unclear
Urban

14-39/22.3/NR

Black

NR/26.8/NR

Black

Urban

NR/NR/NR

Mixed

Urban

NR/NR/NR

Black

Urban

NR/NR/NR

Mixed

Urban

NR/NR/NR

Asian

Urban

NR/24.7/NR

Urban

NR/NR/NR

Mixed

NR/25.4/NR

Rural

17-42/26.6/NR

Urban

NR/NR/NR

Rural

19-27/22/NR

NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear

Mixed

Smokers
included/
(%)
Yes/
32.1%
NR/
unclear
NR/
unclear
NR/
unclear
Yes/
15.7%
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear

Multiple
pregnancies
NR/
unclear
Yes
NR/
unclear
No
No
NR/
unclear
NR/
unclear
No
No
Yes
NR/
unclear
NR/
unclear
NR/
unclear
No

Abbreviations: NR, not reported
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Table S7: Study setting and socio-demographics, case control studies (n=11)
First author,
year of publication

Study
setting

Alger, 1988

Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
Health
Facility
NR/
unclear
Health
Facility
Health
Facility
Health
Facility
Health
Facility

Burton, 2019
Choi, 2012
Edwards, 1978
Elliott, 1990
Gichuhi, 2009
Heumann, 2017
Hitti, 2010
Johnson, 2011
Maxwell, 1992
Temmerman, 1992

Urban
/rural
location
Urban

Age in years
(range/mean/
median)
NR/NR/NR

Ethnicity

Urban

NR/NR/NR

Mixed

Urban

NR/NR/NR

Asian

NR/
Unclear
Urban

14-34/19.8/NR

Mixed

NR/NR/NR

Black

Urban

NR/NR/25

NR/
Unclear
Urban

NR/NR/NR

NR/
unclear
Mixed

Urban

13-24/NR/NR

NR/
unclear
Mixed

Urban

NR/NR/NR

Mixed

Urban

NR/NR/NR

Black

NR/NR/NR

Mixed

Smokers
included/
(%)
NR/
unclear
Yes/
57.1%
NR/
unclear
NR/
unclear
NR/
unclear
NR/
unclear
Yes/
14.3%
Yes/
6.5%
Yes/
unclear
NR/
unclear
NR/
unclear

Multiple
pregnancies
NR/
unclear
No
NR/
unclear
NR/
unclear
No
NR/
unclear
No
Yes
No
No
NR/
unclear

Abbreviations: NR, not reported
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Table S8: Study setting and socio-demographics, cross-sectional studies (n=8)
First author,
year of
publication
Amstey, 1976
Baer, 2019
Christian, 2005
Galega, 1984
Mann, 2010
Mason, 1989
Nasution, 2007
Pourabbas, 2018

Study setting Urban
/rural
location
Health
NR/
Facility
unclear
NR/Unclear
NR/
unclear
Community
Rural

Age in years
(range/mean/
median)
NR/NR/NR

Health
Facility
NR/unclear
Health
Facility
Health
Facility
Health
Facility

Ethnicity

NR/NR/NR

NR/
unclear
Mixed

NR/NR/NR

Asian

Urban

15-39/NR/NR

Black

NR/
unclear
Urban

NR/NR/NR

Mixed

NR/NR/NR

Black

NR/
unclear
NR/
unclear

24-38/NR/NR

Asian

18-45/27.7/NR

NR/
unclear

Smokers
included/
(%)
NR/
unclear
Yes/ 9.3%

Multiple
pregnancies

Yes/
unclear
NR/
unclear
Yes/
19.9%
NR/
unclear
NR/
unclear
NR/
unclear

NR/
unclear
Yes

NR/
unclear
No

No
NR/
unclear
NR/
unclear
NR/
unclear

Abbreviations: NR, Not reported
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Table S9: Treatment provided for Neisseria gonorrhoeae and other STIs included in study,
cohort studies (n=14)
First author, year
of publication
Adachi, 2016

Treatment provided
for NG infection
Unclear

Time provided

Agger, 2014

Some positive women

NR/Unclear

Charles, 1970

Some positive women

NR/Unclear

Donders, 1993

Some positive women

NR/Unclear

CT 22/167 (13.2%)
Syphilis 15/167(9.0%)

Edwards, 2006

Unclear

NR/Unclear

Gichangi, 1997

Some positive women

2nd, 3rd trimester

Hill, 2015

Unclear

NR/unclear

BV 18/134 (13.4%)
CT 10/134 (7.5%)
MG 27/134 (20.2%)
Syphilis 0/134 (0.0%)
TV 10/134 (7.5%)
HIV 17/209 (8.1%)
Syphilis 9/207 (4.3%)
CT 160/1120 (14.2%)

Kataoka, 2006

Some positive women

1st, 2nd trimester

CT 28/877 (3.2%)
MG 7/877 (0.8%)

Kupka, 2009

Unclear

NR/Unclear

HIV 1017/1017 (100%)
Syphilis 155/947 (16.4%)

Laga, 1986

All positive women

Postpartum

CT 201/938 (21%)

Moodley, 2017

All positive women

CT 115/615 (18.7%)
HIV 230/615 (37.4%)
TV 91/615 (14.8%)

Schwab, 2015

Unclear

Timing unclear but
symptomatic women,
same day; asymptomatic
at next visit
NR/unclear

Stoll, 1982

Some positive women

NR/unclear

Warr, 2019

All positive women

2nd, 3rd trimester or
postpartum

NR/Unclear

Other STI in study
populationa
CT 249/1373 (18.1%)
HIV 1373/1373 (100.0%)
Syphilis 129/1373 (9.4%)
CT 33/676 (4.9%)
MG 9/676 (1.3%)
Syphilis 4/158 (2.5%)

BV 10/62 (16.1%)
CT 1/62 (1.6%)
NR
BV 271/1221 (22.2%)
CT 65/1221 (5.3%)
HIV 0/1221 (0.0%)
Syphilis 10/1221(0.8%)
TV 79/1221 (6.5%)

Abbreviations: BV, bacterial vaginosis; CT, Chlamydia trachomatis; HIV, human immunodeficiency virus; MG,
Mycoplasma genitalium; NG, Neisseria gonorrhoeae; NR, not reported; TV, Trichomonas vaginalis.
a
Data were extracted for BV, CT, HIV, MG, Syphilis and TV only
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Table S10: Treatment provided for Neisseria gonorrhoeae and other STIs included in
study, case control studies (n=11)
First author, year
of publication
Alger, 1988

Treatment provided
for NG infection
All positive women

Time provided

Burton, 2019

Some positive women

1st, 2nd, 3rd trimester
and postpartum

Choi, 2012b

Unclear

NR/Unclear

Edwards, 1978

Some positive women

1st, 2nd, 3rd trimester

Elliott, 1990

Unclear

NR/Unclear

Gichuhi, 2009

All positive women

3rd trimester

Heumann, 2017

Unclear

NR/Unclear

Hitti, 2010

Some positive women

NR/Unclear

Johnson, 2011

All positive women

NR/Unclear

Maxwell, 1992

All positive women

2nd, 3rd trimester

CT 0/182 (0.0%)

Temmerman, 1992

Some positive women

NR/Unclear

HIV 40/390 (10.3%)
Syphilis 17/386 (4.4%)

2nd , 3rd trimester

Other STI in study
populationa
CT 36/136 (26.5%)
CT 40/760 (5.3%)
TV 93/760 (12.2%)
Syphilis 3/760 (0.4%)
CT 3/126 (2.4%)
MG 0/126 (0.0%)
TV 0/126 (0.0%)
NR
BV 46/276 (16.6%)
CT 42 /284 (14.8%)
HIV 9/194 (4.6%)
Syphilis 13/290 (4.5%)
BV 164/427 (38.4%)
CT 20/472 (4.2%)
HIV 510/510 (100%)
Syphilis 3/173 (1.7%)
TV 77/479 (16.1%)
CT 434/4095 (10.6%)
Syphilis 12/4095 (0.3%)
CT 98/1328 (7.4%)
MG 41/1328 (3.1%)
TV 33/1328 (2.5%)
BV 220/730 (30.1%)
CT 101/730 (13.8%)
HIV 1/730 (0.1%)
Syphilis 6/730 (0.8%)
TV 109/730 (14.9%)

Abbreviations: BV, bacterial vaginosis; CT, Chlamydia trachomatis; HIV, human immunodeficiency virus; MG,
Mycoplasma genitalium; NG, Neisseria gonorrhoeae; NR, not reported; TV, Trichomonas vaginalis
a
Data were extracted for BV, CT, HIV, MG, Syphilis and TV only
b
Control group was not tested for STI and not included
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Table S11: Treatment provided for Neisseria gonorrhoeae and other STIs included in
study, cross-sectional studies (n=8)
First author, year
of publication
Amstey, 1976

Treatment provided
for NG infection
Some positive women

Time provided

Baer, 2019

Unclear

NR/Unclear

CT 13633/15860 (86.0%)
Syphilis 1180/15860 (7.4%)

Christian, 2005

Some positive women

Postpartum

CT 10/1014 (1.0%)

Galega, 1984

All positive women

Postpartum

NR

Mann, 2010

Unclear

NR/Unclear

Mason, 1989

Unclear

NR/Unclear

Nasution, 2007

Unclear

NR/Unclear

CT 650/108346 (0.6%)
TV 3034/108346 (2.8%)
CT 17/188 (9.0%)
TV 39/214 (18.2%)
CT 13/180 (7.2%)

Pourabbas, 2018

No treatment

NA

CT 37/239 (15.5%)

NR/Unclear

Other STI in study
populationa
NR

Abbreviations: CT, Chlamydia trachomatis; HIV, human immunodeficiency virus; MG, Mycoplasma genitalium;
NA, not applicable; NR, not reported; TV, Trichomonas vaginalis.
a
Data were extracted for BV, CT, HIV, MG, Syphilis and TV only
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Table S12: Risk of bias assessment, cohort studies (n=14)
Adachi
2016

Agger
2014

Charles
1970

Donders
1993

Edwards
2006

Gichangi
1997

Hill
2015

Kataoka
2006

The method of allocation to intervention group was
unrelated to potential confounding factors
Attempts made within design or analysis to balance
the both groups for potential confounders.
The groups were comparable at baseline, including
all major confounding factors.

NA

NA

NA

NA

NA

NA

NA

NA

Yes

Yes

No

Yes

Yes

Yes

No

Yes

No

No

Unclear

Unclear

No

Unclear

No

No

Based on above answers, was selection bias present?

High

High

Unclear

High

High

Unclear

High

If so, what is the likely direction of its effect?

↑ AO

Unclear

Unclear

↑ AO &
STI

Unclear

Unclear

↑ AO &
STI

Unclear

Yes

Unclear

No

No

Unclear

Yes

Unclear

Unclear

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Low

Unclear

High

High

Unclear

Low

Unclear

Unclear

The comparison groups received the same care and
support apart from the exposure(s) studied.
Participants receiving care and support were kept
'blind' to intervention allocation.
Individuals administering care and support were kept
'blind' to intervention allocation.
Based on above answers, was performance bias
present?
If so, what is the likely direction of its effect?
All groups followed up for an equal length of time?
Number of participants did not complete the
intervention in each group?
The groups were comparable for intervention
completion.
For how many participants were no outcome data
available?
Were groups comparable for outcome data?

High

NA

Unclear

Unclear

Unclear

Unclear

NA

Unclear

Unclear

Yes

Yes

No

No

Yes

Yes

Unclear

Yes

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

311/1684
(18.5%)

107/783
(13.7%)

0/2160
(0.0%)

75/256
(29.3%)

3/137
(2.2%)

117/320
(36.6%)

602/1722
(35.0%)

Yes

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

148/1040
(14.2%)
Unclear
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Adachi
2016

Agger
2014

Charles
1970

Donders
1993

Edwards
2006

Gichangi
1997

Hill
2015

Low

Unclear

Unclear

High

Low

High

High

Unclear

NA

Unclear

Unclear

↑ AO &
STI

NA

Unclear

↑ AO &
STI

Unclear

The study had an appropriate length of follow-up.

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

The study used a precise definition of outcome.

Yes

Yes

No

Yes

Yes

Yes

No

No

Yes

Unclear

No

Unclear

Yes

Yes

Yes

Yes

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Low

Unclear

High

Low

Unclear

Low

Unclear

Low

NA

Unclear

↑ AO

NA

Unclear

NA

Unclear

NA

++

+

-

-

+

+

+

Based on above answers, was attrition bias present?
If so, what is the likely direction of its effect?

A valid, reliable method used to determine the
outcome?
Investigators were kept 'blind' to participants'
exposure to the intervention.
Investigators were kept 'blind' to other important
confounding factors.
Based on above answers, was detection bias
present?
If so, what is the likely direction of its effect?
Overall assessment of internal validity

Kataoka
2006

+

Overall assessment of external validity

++
+
+
+
++
Abbreviations: AO, adverse outcomes; High, high risk of bias; Low, low risk of bias; Unclear, unclear of risk of bias; NA, not applicable; ++, all or most of
checklist criteria fulfilled; + some of checklist criteria fulfilled; - few or no checklist criteria fulfilled.
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Table S12: Risk of bias assessment, cohort studies (n=14), continued
Laga
1986

Moodley
2017

Schwab
2015

Stoll
1982

Warr
2019

NA

NA

NA

NA

NA

No

Yes

No

No

Yes

Unclear

Unclear

Unclear

Unclear

Yes

Low

High

Low

High

High

Low

If so, what is the likely direction of its effect?

NA

Unclear

NA

Unclear

Unclear

NA

The comparison groups received the same care and
support apart from the exposure(s) studied.
Participants receiving care and support were kept
'blind' to intervention allocation.
Individuals administering care and support were kept
'blind' to intervention allocation.
Based on above answers, was performance bias
present
If so, what is the likely direction of its effect?

Yes

Unclear

Yes

Unclear

No

Yes

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Unclear

Low

Unclear

High

Low

Unclear

Unclear

NA

Unclear

↑AO

NA

All groups followed up for an equal length of time?

Yes

No

Yes

No

No

Yes

Number of participants who did not complete the
intervention in each group?
The groups were comparable for intervention
completion.
For how many participants in were no outcome data
available?
Were groups comparable for outcome data?

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

71/1017
(7.0%)
Unclear

232/1013
(22.9%)

36/615
(5.9%)

97/159
(61.0%)

0/11081
(0.0%)

3/211
(0.2%)

Unclear

Unclear

Unclear

Unclear

Unclear

Based on above answers, was attrition bias present?

Low

High

Unclear

High

High

Low

If so, what is the likely direction of its effect?

NA

Unclear

Unclear

Unclear

Unclear

NA

The method of allocation to intervention group was
unrelated to potential confounding factors
Attempts made within design or analysis to balance
the both groups for potential confounders.
The groups were comparable at baseline, including
all major confounding factors.
Based on above answers, was selection bias present?

Kupka
2009
NA
Yes
Unclear

NA
NA
Unclear

NA
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Kupka
2009
Yes

Laga
1986

Moodley
2017

Schwab
2015

Stoll
1982

Warr
2019

Yes

Yes

Yes

Yes

Yes

The study used a precise definition of outcome.

Yes

No

Yes

Yes

Yes

Yes

A valid, reliable method used to determine the
outcome?
Investigators were kept 'blind' to participants'
exposure to the intervention.
Investigators were kept 'blind' to other important
confounding factors.
Based on above answers, was detection bias
present?
If so, what is the likely direction of its effect?

Yes

Yes

Yes

No

Unclear

Yes

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

Unclear

Low

High

Unclear

Low

NA

Unclear

NA

Unclear

Unclear

NA

Overall assessment of internal validity

+

+

++

-

+

++

Overall assessment of external validity

+

The study had an appropriate length of follow-up.

NA
NA
No

+
+
Abbreviations: AO, adverse outcomes; High, high risk of bias; Low, low risk of bias; Unclear, unclear of risk of bias; NA, not applicable; ++, all or most of
checklist criteria fulfilled; + some of checklist criteria fulfilled; - few or no checklist criteria fulfilled.
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Table S13: Risk of bias assessment, case control studies (n=11)

Appropriate and clearly focused question.
The cases and controls are taken from
comparable populations.
The same exclusion criteria are used for
both cases and controls.
What was the participation rate for each
group (cases)?
What was the participation rate for each
group (controls)?
Both groups are compared to establish
their similarities or differences.
Cases are clearly defined and
differentiated from controls.
It is clearly established that controls are
not cases.
Measures taken to prevent knowledge of
primary exposure from influencing case
ascertainment.
Exposure status is measured in a
standard, valid and reliable way.
Main potential confounders are
accounted for in design/analysis
Confidence intervals provided?

Alger
1988
WC

Burton
2019
WC

Choi
2012
WC

Edwards
1978
PA

Elliot
1990
AA

Gichuhi
2009
WC

Heumann
2017
AA

Hitti
2010
WC

Johnson
2011
AA

Maxwell
1992
AA

Temmerman 1992
WC

AA

PA

NR

AA

PA

AA

PA

AA

AA

AA

PA

AA

WC

NAD

NR

WC

NR

AA

AA

PA

NR

PA

NR

NA

NR

NA

NR

NR

NA

98.7%

NA

NA

96.4%

NR

NA

NR

NA

NR

NR

NA

99.9%

NA

NA

97.0%

NR

WC

PA

NR

WC

NR

NR

WC

WC

NR

NR

WC

WC

WC

AA

WC

WC

WC

WC

WC

AA

WC

WC

WC

WC

AA

WC

WC

WC

WC

WC

WC

WC

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

AA

PA

WC

NR

AA

WC

NR

WC

PA

AA

AA

AA

AA

NAD

AA

AA

AA

AA

AA

WC

NAD

AA

No

Yes

No

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Study results internally valid?
+
+
+
+
++
+
+
++
++
+
Study results externally valid?
+
+
+
+
+
++
+
++
+
Abbreviations: WC, well covered; AA, adequately addressed; PA, poorly addressed; NAD, not addressed; NR, not reported; NA, not applicable; ++, all or most
of checklist criteria fulfilled; + some of checklist criteria fulfilled; - few or no checklist criteria fulfilled.
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Table S14: Risk of bias assessment, cross-sectional studies (n=8)

Source population, source area well described?
Is the eligible population or area representative of the
source population?
Do the selected participants or areas represent the eligible
population or area?
Selection of exposure (and comparison) group.
How was selection bias minimised?
Was the selection of explanatory variables based on a sound
theoretical basis?
Was the contamination acceptably low?
How well were likely confounding factors identified and
controlled?
Outcome measures and procedures reliable?
Were the outcome measurements complete?
Were all the important outcomes assessed?
Was there a similar follow-up time in exposure and
comparison groups?
Was follow-up time meaningful?
Was the study sufficiently powered to detect an exposure
effect? (if one exists)
Were multiple explanatory variables considered in analyses?
Were the analytical methods appropriate?
Was the precision of association given or calculable?
Overall assessment of internal validity
Overall assessment of external validity

Amstey
1976
NR

Baer
2019
++

Christian
2005
+

Galega
1984
-

Mann
2010
+

Mason
1989
+

Nasution
2007
-

Pourabbas
2018
+

+

++

-

NR

-

+

NR

NR

++

++

-

NR

-

+

NR

NR

+

++

+

+

+

NR

-

+

NR

+

-

-

+

-

-

-

++

++

++

++

++

++

++

++

-

-

-

-

+

-

-

-

-

NR

+

+

NR

NR

NR

+

++
++

NR
+

++

NR
-

NR
+

+
+

++
+

++
+

++

NR

+

-

++

+

++

++

++

++

++

+

++

++

++

++

NR

++

NR

NR

NR

NR

NR

NR

+
+
+
+
+
+
+
+
++
++
+
+
+
+
+
+
+
+
+
+
+
++
+
Abbreviations: ++, yes; +, mostly; -, no; NR, not reported; NA, not applicable; ++, all or most of checklist criteria fulfilled; + some of checklist criteria fulfilled;
- few or no checklist criteria fulfilled.
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Table S15: Variables adjusted for in multivariable analysis
Elliott
et al 1990

Johnson
et al 2011

Moodley
et al 2017

X

X

X

Burton
et al 2018

Heumann
et al 2017

Preterm birth
Age
Marital status
Parity
History of preterm birth
Pregnancy factors
Socio-economic status
HIV, CT, TV
Number of antenatal visits
Method of gestation assessment
Smoking
Low birth weight
Age
Marital status
Parity
History of preterm birth
Pregnancy factors
Socio-economic status
HIV, CT, TV
Number of antenatal visits
Method of gestation assessment
Smoking

X
X
X

X
X

X
X
X
X
X
X
X

X

X

X

X
X
X

X

X
X
X
X

X

Abbreviations: CT, Chlamydia trachomatis; HIV, human immunodeficiency virus; TV, Trichomonas vaginalis.
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Table S16: Summary estimates from fixed effects analysis
Adverse outcome
Study design
Unadjusted estimates
Preterm birth
Case control studies
Cross-sectional studies
Cohort studies
All studies
Spontaneous abortion
Case control studies
Cross-sectional studies
Cohort studies
All studies
Premature rupture of membrane
Case control studies
Cross-sectional studies
Cohort studies
All studies
Perinatal mortality
Case control studies
Cross-sectional studies
Cohort studies
All studies
Low birth weight
Case control studies
Cross-sectional studies
Cohort studies
All studies
Ophthalmia neonatorum
Case control studies
Cross-sectional studies
Cohort studies
All studies
Adjusted estimates
Preterm birth
Case control studies
Cohort studies
All studies
Low birth weight
Case control studies
Cohort studies
All studies

Number
of
studies

Summary estimate
OR (95% CI)

I2 (%)

6
3
9
18

1.55 (1.28-1.88)
1.48 (1.25-1.76)
1.20 (0.91-1.57)
1.45 (1.29-1.63)

0.0
88.4
60.1
61.1

1
1
1
3

2.10 (0.60-7.10)
0.86 (0.56-1.33)
52.82 (1.93-1444.39)
1.01 (0.67-1.52)

NA
NA
NA
72.8

4
4
1
9

1.11 (0.92-1.35)
1.67 (1.34-2.08)
38.64 (1.45-127.34)
1.33 (1.15-1.54)

43.9
0.0
NA
59.2

2
1
6
9

1.94 (0.68-5.55)
2.55 (1.47-4.42)
1.67 (1.12-2.48)
1.93 (1.42-2.62)

0.0
NA
57.9
40.3

3
1
4
8

1.75 (1.37-2.24)
1.20 (0.30-4.30)
1.24 (0.99-1.55)
1.45 (1.23-1.70)

53.3
NA
82.5
72.7

1
3
2
6

0.58 (0.07-4.83)
9.27 (2.81-30.54)
2.67 (1.60-4.44)
2.98 (1.89-4.72)

NA
65.9
0.0
58.0

4
1
5

1.31 (1.04,1.64)
1.70 (0.81-3.56)
1.34 (1.08-1.67)

72.3
NA
64.5

3
1
4

1.44 (1.10-1.90)
0.90 (0.23-3.54)
1.42 (1.08-1.86)

63.7
NA
49.5

Abbreviations: CI, confidence interval; NA, not applicable
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