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Background. Vaginal discharge syndrome (VDS) is a common clinical diagnosis during pregnancy in Botswana; it is treated 
with broad-spectrum antibiotics using a syndromic approach. We evaluated associations between the syndromic management of 
VDS and adverse birth outcomes.

Methods. The Tsepamo Study performs birth outcomes surveillance at government hospitals throughout Botswana. Obstetric 
record data collected from August 2014 to March 2019 were analyzed. Chi-square tests were conducted to compare proportions of 
maternal characteristics and infant outcomes. To avoid immortal time bias, all analyses were conducted among women who pre-
sented to care before 24 weeks gestation, with VDS categorized as present or absent by 24 weeks gestation. Log-binomial regression 
models were generated to determine associations between treated VDS and infant outcomes.

Results. VDS was diagnosed in 36 731 (30.7%) pregnant women, of whom 33 328 (90.7%) received antibiotics. Adjusted analyses 
yielded a harmful association between treated VDS and very preterm delivery (adjusted risk ratio, 1.11; 95% CI, 1.02–1.21). This as-
sociation remained when restricting to women with VDS who received the recommended antibiotic treatment regimen. Sensitivity 
analyses produced nonsignificant associations when women with treated VDS were compared with women without VDS who re-
ceived antibiotics for other indications.

Conclusions. A clinical diagnosis of VDS is common among pregnant women in Botswana, and the majority receive anti-
biotics in pregnancy. Although analyses of VDS occurring later in pregnancy are precluded by immortal time bias, a modest asso-
ciation between treated VDS and very preterm delivery was observed among women diagnosed with VDS by 24 weeks gestation.
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Untreated sexually transmitted infections (STIs) during preg-
nancy are associated with an increased risk of adverse birth 
outcomes, including spontaneous abortion, preterm delivery, 
and stillbirth [1–5]. A lack of available laboratory tests for STIs 
in many resource-limited settings led to the adoption of the 
World Health Organization (WHO) syndromic management 
strategy in the 1990s [6–8]. This symptom-based treatment 
strategy is less expensive than laboratory testing and can lead 

to faster treatment, but it is neither sensitive nor specific and 
leads to high levels of antibiotic use among pregnant women 
[1, 6, 9, 10].

Botswana adopted the WHO recommendations for a 
symptom-driven approach to the diagnosis and treatment of 
STIs in pregnancy in 1992 [10]. Women who report symptoms 
of vaginal discharge syndrome (VDS) in pregnancy are empiri-
cally treated with antibiotics to cover common STIs (Chlamydia 
trachomatis, Neisseria gonorrhea, Trichomonas vaginalis) and 
bacterial vaginosis; syphilis is tested for and treated separately 
[11–13]. These recommendations are based on the high prev-
alence of STIs reported among pregnant women in Botswana, 
including chlamydia (8%–10%), gonorrhea (1.5%–3%), 
trichomonas vaginalis (5%–19%), and bacterial vaginosis (38%) 
[6, 14].

STIs during pregnancy have been associated with adverse 
birth outcomes that may be improved with antibiotics [15, 16]. 
While a randomized controlled trial in Uganda reported that 
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receiving treatment for symptomatic and asymptomatic cases 
of STIs resulted in lower rates of adverse birth outcomes com-
pared with syndromic STI treatment, the effects of VDS and 
syndromic treatment with antibiotics on adverse birth out-
comes are less understood [17]. Concerns regarding antibiotic 
use in pregnancy relate to unknown teratogenicity, antimicro-
bial resistance, and microbiome effects [18–21], but favorable 
birth outcomes have also been reported in the setting of treating 
asymptomatic bacteriuria [22, 23]. This study utilized data from 
a large birth outcomes surveillance program (the Tsepamo 
Study) to evaluate associations between the syndromic treat-
ment of VDS and adverse birth outcomes. We also highlight the 
potential for immortal time bias when addressing this research 
question.

METHODS

Study Population

We performed a secondary analysis of data from the Tsepamo 
Study, which captured birth outcomes at up to 18 maternity 
sites throughout Botswana. Before July 2018, data collection oc-
curred at 8 government maternity wards (~45% of all births in 
Botswana) [24–26]. In 2018, the number of sites expanded to 18 
maternity wards (~72% of all births in Botswana) [26, 27]. Data 
were extracted from obstetric records if births occurred within 
1 of the study sites and at a gestational age of ≥24 weeks.

Data Extraction

Maternal obstetric records were reviewed at the time of dis-
charge following delivery [24–27]. Extracted data included 
demographic information, maternal medical history, antenatal 
care information, inpatient care during labor and delivery, med-
ical diagnoses made in pregnancy, prescribed antibiotic treat-
ment, adverse birth outcomes, maternal HIV status, and HIV 
treatment information. Infant information included gestational 
age, birth weight, sex, and admission to the neonatal unit. With 
the exception of anemia (defined as hemoglobin ≤10 g/dL) and 
hypertension (defined as systolic blood pressure ≥140 mmHg 
or diastolic blood pressure ≥90  mmHg), all diagnoses were 
recorded by the treating physician or midwife. Maternal HIV 
status was determined by HIV test result documented in the 
maternity cards. Women with HIV who started antiretroviral 
therapy (ART) before the calculated date of the start of preg-
nancy were considered ART exposed from conception, and 
those who started ART after the start of pregnancy were con-
sidered ART started during pregnancy.

Vaginal Discharge Syndrome and Antibiotic Use

Botswana antenatal care (ANC) guidelines recommend that 
all pregnant women attend ANC visits every month until 28 
weeks and additional ANC visits every 2 weeks until 36 weeks. 
After this period, pregnant women are recommended to at-
tend weekly ANC visits until delivery [28]. Botswana ANC 

guidelines also recommend that pregnant women who attend 
ANC be screened for VDS using the WHO recommendation 
of syndromic approach criteria [28], and those with vaginal 
discharge alone or with lower abdominal pain are diagnosed 
with VDS (cervical infections are included in this definition) 
[13]. All women with a clinical documentation of VDS in the 
antenatal record were considered to have VDS for this anal-
ysis. Syphilis, herpes, genital sores/ulcers, genital warts, and 
candidiasis were diagnosed separately from VDS. According 
to Botswana STI treatment guidelines, the recommended treat-
ment for VDS during the study period included ceftriaxone 
(250-mg intramuscular injection once), metronidazole (400 mg 
3 times daily by mouth for 7 days, or 2 g once), and either eryth-
romycin (before June 2016, 500 mg 4 times daily by mouth for 
7 days) or azithromycin (1 g by mouth once) [13]. Women who 
were prescribed antibiotics for VDS and were noted to receive 
the prescribed course at least 1 time in pregnancy were con-
sidered “antibiotic exposed” regardless of the number of courses 
of antibiotics.

Adverse Birth Outcomes

Individual adverse birth outcomes were stillbirth, neonatal 
death, preterm delivery (PTD), very preterm delivery (VPTD), 
small for gestational age (SGA), and very small for gestational 
age (VSGA). “Any adverse birth outcome” consisted of births 
that resulted in PTD, SGA, stillbirth, or neonatal death. “Any 
severe adverse outcome” was defined as births that resulted in 
VPTD, stillbirth, VSGA, or neonatal death. Preterm delivery 
was classified as births at <37 weeks gestational age and very 
preterm delivery as births at <32 weeks gestational age. The 
Intergrowth-21 norms were used to define gestational age for 
infants born from 24 to 42 weeks gestational age [29, 30]. SGA 
was defined as infants who weighed less than the 10th percen-
tile birth weight by gestational age. VSGA was defined as in-
fants who weighed less than the third percentile birth weight 
by gestational age. Fetal death with Apgar scores of 0 at 1 and 
5 minutes were considered stillbirths, and infant death before 
leaving the hospital within 28 days of delivery was classified as 
neonatal death. Health care providers used the last menstrual 
period to estimate the gestational age at the first antenatal clinic 
visit, and prenatal ultrasonography was used when available 
[24–26]. Fundal height was used when there was uncertainty in 
determining the gestational age by other means.

Statistical Analyses of VDS (and Exclusions to Avoid Immortal Time and 
Indication Bias)

For descriptive analyses, proportions of demographic factors 
were compared between women diagnosed with VDS and 
women without a VDS diagnosis any time during pregnancy 
using chi-square tests. However, for all comparative analyses, 
only women presenting to care by 24 weeks of pregnancy (the 
first time at which an outcome could occur in the data set) were 
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included, and VDS status was determined at that baseline (VDS 
diagnosis needed to occur before 24 weeks of pregnancy). This 
exclusion prevented immortal time bias, which would other-
wise occur if VDS status were assigned after a possible birth 
outcome, thus allowing “immortal time” to accrue before this 
assignment for the VDS group. In addition, because the vast 
majority of women with VDS received 1 or more antibiotics 
per national guidelines, we could not compare use or nonuse 
of antibiotics for VDS. Untreated women with VDS were con-
sidered “off guidelines” and potentially had more mild symp-
toms, and to avoid this indication bias, we only included women 
with antibiotic-treated VDS in most analyses.

Selected covariates included maternal age, education, occu-
pation, parity, marital status, and antiretroviral therapy at con-
ception. These covariates were chosen based on subject matter 
knowledge. A Wilcoxon rank-sum test was conducted to com-
pare the median and interquartile range of maternal age be-
tween the 2 groups. Log-binomial regression models were used 
to obtain risk ratio estimates with 95% CIs for the primary ad-
justed analyses and sensitivity analyses. P values were computed 
using 2-sided tests with an α = .05 significance level. All statis-
tical analyses were performed using SAS University Edition 
software (SAS Institute, Cary, NC, USA).

Patient Consent 

The Health Research and Development Committee in Botswana 
and the institutional review board of Harvard T.  H. Chan 
School of Public Health in Boston, Massachusetts, provided in-
stitutional approval for this study.

RESULTS

Maternal Characteristics

Between August 2014 and March 2019, 119 478 women de-
livered at the sites under surveillance. VDS was diagnosed 
among 36 731 (30.7%) of all pregnant women. The median ma-
ternal age (interquartile range [IQR]) for women with VDS was 
25 (21–31) years compared with 27 (22–32) years for women 
without a VDS diagnosis (P < .0001) (Table 1). Women diag-
nosed with VDS were more likely to have secondary/tertiary 
education (93.3% vs 88.8%; P < .0001), to have a salaried occu-
pation (35.4% vs 32.5%; P < .0001), to be single (88.9% vs 84.9%; 
P < .0001), and to be primiparous (42.6% vs 36.5%; P < .0001) 
compared with women not diagnosed with VDS. The propor-
tions of women with HIV were similar between the 2 groups 
(24.6% vs 23.9%; P = .09). Women diagnosed with VDS were 
more likely to receive antibiotics for any indication during the 
first trimester compared with women who were not diagnosed 
with VDS (14.3% vs 1.1%; P < .0001).

Antibiotic Use

Antibiotics were prescribed in 45 997 (38.5%) of all pregnancies, 
including in 33 339 (90.8%) of the 36 731 women diagnosed with 

VDS. VDS therefore accounted for 72.5% of all antibiotic use in 
pregnancy. Among women diagnosed with VDS during preg-
nancy, 29 609 (80.6%) received any ceftriaxone, 21 226 (57.8%) 
received any metronidazole, and 28 613 (77.9%) received either 

Table 1. Maternal Characteristics by VDS Diagnosis During Pregnancy

Characteristics

VDS No VDS

P Value
(n = 36 731), 

No. (%)
(n = 82 747), 

No. (%)

Maternal age, median (IQR),a y 25 (21–31) 27 (22–32) <.0001

Education   <.0001

 Primary/none 2101 (5.7) 6690 (8.1)  

 Secondary/tertiary education 34 253 (93.3) 73 444 (88.8)  

 Missing 377 (1.0) 2613 (3.1)  

Occupation   <.0001

 Nonsalaried/housewife 19 787 (53.9) 46 554 (56.3)  

 Student 2901 (7.9) 5070 (6.1)  

 Salaried 12 992 (35.4) 26 907 (32.5)  

 Missing 1051 (2.9) 4216 (5.1)  

Marital status   <.0001

 Single 32 653 (88.9) 70 293 (84.9)  

 Married 3256 (8.9) 9213 (11.1)  

 Divorced/widowed 104 (0.3) 256 (0.3)  

 Missing 617 (1.7) 2985 (3.6)  

Nationality   <.0001

 Botswana citizen 35 965 (97.9) 79 206 (95.7)  

 Other 708 (1.9) 3190 (3.8)  

 Missing 58 (0.16) 368 (0.42)  

Parity   <.0001

 Primiparous 15 640 (42.6) 30 213 (36.5)  

 Multiparous 2–4 births 18 626 (50.7) 43 892 (53.0)  

 Grand multiparous ≥5 births 2432 (6.6) 8260 (10.0)  

 Missing 33 (0.09) 382 (0.5)  

HIV status   .09

 Positive 9034 (24.6) 19 802 (23.9)  

 Negative 27 618 (75.2) 62 073 (75.0)  

 Unknown 79 (0.22) 872 (1.1)  

Anemia during pregnancyb   .01

 Yes 6745 (18.4) 12 880 (15.6)  

 No 19 659 (53.5) 39 172 (47.3)  

 Missing 10 327 (28.1) 30 695 (37.1)  

Clinical visits, median (IQR) 9 (6–10) 8 (6–10) <.0001

Any antibiotics   <.0001

 Yes 33 339 (90.8) 12 658 (15.3)  

 No 3383 (9.2) 65 408 (79.0)  

 Missing 9 (0.02) 4681 (5.7)  

Timing of first antibiotic use   <.0001

 First trimester 5240 (14.3) 885 (1.1)  

 Second trimester 20 053 (54.6) 6049 (7.3)  

 Third trimester 7388 (20.1) 5277 (6.4)  

 No antibiotic use 3383 (9.2) 65 408 (79.0)  

 Missing 667 (1.8) 5128 (6.5)  

Percentages may not add to 100% due to rounding. Chi-square tests were used for com-
paring proportions.

Abbreviations: IQR, interquartile range; VDS, vaginal discharge syndrome.
aWilcoxon rank-sum test was used to compare median ages.
bAnemia was defined as hemoglobin measurement ≤10 g/dL.
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any azithromycin or any erythromycin (Figure 1). Among the 
women diagnosed with VDS, 17 761 (48.4%) received a combi-
nation of ceftriaxone, metronidazole, and either azithromycin 
or erythromycin, according to the Botswana guidelines for 
syndromic management. Among women who were diagnosed 
with VDS before 24 weeks (n = 20 425), 18 546 (90.8%) received 
any ceftriaxone, 11  927 (58.4%) received any metronidazole, 
17 667 (86.5%) received any azithromycin/erythromycin, and 
9919 (48.6%) received the recommended combined treatment 
regimen.

VDS and Adverse Birth Outcomes

Among 91 470 women who presented to care before 24 weeks 
gestation, 20  425 (22.3%) received syndromic treatment for 
VDS by 24 weeks and 71 045 (77.7%) did not; the proportion 
of women with PTD (15.6% vs 15.5%), VPTD (3.7% vs 3.5%), 
stillbirth (2.2% vs 2.3%), neonatal death (1.2% vs 1.3%), 
VSGA (6.0% vs 6.2%), any adverse birth outcome (30.1% 
vs 30.2%), and any severe adverse birth outcome (5.4% vs 
5.3%) did not differ significantly for these groups (all P > .05) 
(Table 2). In the unadjusted log-binomial regression models, 
VDS demonstrated an apparent nonsignificant association 
on each adverse birth outcome (Table 2). When adjusted for 
potential confounders, the risk ratios did not change appre-
ciatively, with the exception of VPTD, which was positively 
associated with VPTD (adjusted risk ratio [aRR], 1.11; 95% 
CI, 1.02–1.21). When stratified by HIV status, the adjusted as-
sociation of treated VDS with stillbirth among women with 
HIV was borderline protective (aRR, 0.80; 95% CI, 0.65–0.99). 
However, this association may be due to chance.

Sensitivity Analyses

We performed 3 sensitivity analyses to better explore the relation-
ship between the syndromic management of VDS and adverse 
birth outcomes. The first sensitivity analysis included women 
who received antibiotics for VDS before 24 weeks (n = 20 425) 
and women who received antibiotics for other indications be-
fore 24 weeks (n = 5093) (Table 3). When adjusting for potential 
confounders, all associations were nonsignificant. The second 
sensitivity analysis excluded women who were diagnosed with 
VDS but did not receive antibiotics during pregnancy (n = 2635) 
from the comparator group, and this did not impact the main re-
sults; similar to the results in Table 2, the adjusted association with 
VPTD was harmful (aRR, 1.12; 95% CI, 1.02–1.22). The third 
sensitivity analysis restricted the study population to women who 
received the recommended 3-drug combined treatment for VDS 
(n = 9919) and compared them with all others (n = 81 551). The 
adjusted results remained robust, with the association with VPTD 
being similar to the prior sensitivity analyses and the primary 
analysis (aRR, 1.13; 95% CI, 1.01–1.27).

DISCUSSION

In the largest birth outcomes surveillance study in Africa, we 
found a diagnosis of VD in a very high percentage of pregnan-
cies  (30.7%), with most episodes (90.8%) syndromically treated 
with 1 or more antibiotics. Immortal time bias limited the ability 
of this study to completely explore the relationship between 
late-onset VDS and adverse birth outcomes. However, the diag-
nosis and treatment of VDS before 24 weeks of pregnancy was 
modestly associated with VPTD in adjusted analyses.
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Figure 1. Proportions of any specific antibiotic used among women with VDS. aOther combinations included erythromycin/azithromycin and ceftriaxone (n = 8721, 23.7%), 
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The high proportion of pregnancies in Botswana with a 
VDS diagnosis is consistent with data from other Sub-Saharan 
African countries. In a study conducted in South Africa, 30% 
of the participants were diagnosed with VDS according the 
WHO criteria [31]. Moreover, in a randomized trial conducted 
in Uganda among pregnant women, 17% of the participants in 
the intervention and treatment groups presented with vaginal 
discharge [17]. In a study conducted among pregnant women in 
Kenya, 20% of the study population presented with or reported 
the occurrence of abnormal vaginal discharge [15].

We hypothesized that treatment with antibiotics may mitigate 
the harmful effect of VDS, but we could not separate the effect 
of antibiotic treatment from the presence of VDS because of the 
high proportion of treated VDS in our cohort (and the possi-
bility of indication bias for the small proportion with untreated 
VDS). However, our findings of largely similar outcomes in the 
treated VDS group compared with all other women may sup-
port a benefit from antibiotics and, at a minimum, indicated no 
harmful effect of first or second trimester antibiotic use on birth 
outcomes. These considerations suggest that prescribing anti-
biotics by a syndromic approach may offer benefits, particularly 
in regions where diagnostic testing is unavailable or unafford-
able. However, our study was not designed to collect informa-
tion on all risks related to antibiotic use, including antimicrobial 
resistance, allergic reactions, and microbiome disruption. In 
addition, the inability to evaluate third trimester associations 
between treated VDS and inability to study untreated VDS limit 
the generalizability of our findings to VDS that is diagnosed and 
treated by 24 weeks of pregnancy.

Perhaps the best indicator in our study that treated VDS 
had minimal impact on adverse birth outcomes was the sen-
sitivity analysis comparing treated VDS with those who re-
ceived antibiotics for any other reason, with no differences in 
outcomes. This analysis suggests that VDS (as compared with 
other illnesses requiring antibiotics) did not add risk in the set-
ting of antibiotic treatment. Prior studies have found harmful 
associations between STIs during pregnancy and adverse birth 
outcomes that may be mitigated by antibiotic use [16, 32, 33]. 
A  recent meta-analysis found a harmful association between 
chlamydia infection during pregnancy and PTD [34]. Moreover, 
a study in Kenya demonstrated harmful associations between 
chlamydia, gonorrhea, and PTD, and also reported that vaginal 
discharge among women without an STI was associated with 

Table 2. Proportions and Log-Binomial Regression Models for the Association Between VDS Diagnosis and Treatment and Adverse Birth Outcomes 
Among Women Presenting to Care at <24 Weeks Gestation (n = 91 470)

Adverse Birth Outcome

VDS Treatment No VDS Treatment RR aRRa

(n = 71 045), No. (%) (95% CI) (95% CI)(n = 20 425), No. (%)

Preterm delivery 3185 (15.6) 10 987 (15.5) 1.01 (0.97–1.05) 1.02 (0.99–1.06)

Very preterm delivery 765 (3.7) 2470 (3.5) 1.08 (0.99–1.17) 1.11 (1.02–1.21)

Stillbirth 441 (2.2) 1640 (2.3) 0.94 (0.84–1.04)  0.98 (0.88–1.09)

Neonatal death 250 (1.2) 898 (1.3) 0.97 (0.84–1.11) 0.97 (0.84–1.13)

SGA 3305 (16.2) 11 628 (16.4) 0.99 (0.95–1.02) 0.99 (0.95–1.03)

VSGA 1233 (6.0) 4402 (6.2) 0.97 (0.91–1.03) 0.99 (0.93–1.05)

Any adverse birth outcomeb 6152 (30.1) 21 433 (30.2) 1.00 (0.98–1.02) 1.00 (0.98–1.03)

Any severe adverse birth outcomec 1106 (5.4) 3792 (5.3) 1.01 (0.95–1.08) 1.04 (0.97–1.11)

Abbreviations: aRR, adjusted risk ratio; RR, risk ratio; SGA, small for gestational age (<10th percentile of birth weight by gestational age); VDS, vaginal discharge syndrome; VSGA, very small 
for gestational age (<third percentile of birth weight by gestational age).
aModels were adjusted for maternal age, education, occupation, parity, marital status, nationality, and antiretroviral therapy at conception.
bAny adverse outcome includes preterm delivery (<37 weeks gestational age), small for gestational age (<10th percentile of birth weight by gestational age), neonatal death (infant 
death <28 days), and stillbirth (summed Apgar score of 0).
cAny severe adverse outcome includes very preterm delivery (<32 weeks), very small for gestational age (<third percentile of birth weight by gestational age), neonatal death, and stillbirth.

Table 3. Crude and Adjusted Log-Binomial Regression Models for the 
Association Between VDS With Antibiotics at <24 Weeks Gestation 
(n = 20  425) vs Antibiotics for Other Indications at <24 Weeks Gestation 
(n = 5093)

Adverse Birth Outcomes

RR aRRa

(95% CI) (95% CI)

Preterm 0.93 (0.87–0.99) 0.94 (0.87–1.02)

Very preterm 0.93 (0.80–1.08) 0.98 (0.83–1.15)

Stillbirth 0.76 (0.63–0.92) 0.83 (0.68–1.00)

Neonatal death 0.92 (0.71–1.21) 0.92 (0.70–1.22)

SGA 1.00 (0.93–1.07) 1.02 (0.94–1.10)

VSGA 0.94 (0.84–1.06) 0.99 (0.87–1.12)

Any adverse birth outcomeb 0.96 (0.92–1.01) 0.98 (0.92–1.03)

Any severe birth outcomec 0.87 (0.77–0.98) 0.91 (0.80–1.03)

Abbreviations: aRR, adjusted risk ratio; RR, risk ratio; SGA, small for gestational age (<10th 
percentile of birth weight by gestational age); VDS, vaginal discharge syndrome; VSGA, 
very small for gestational age (<third percentile of birth weight by gestational age).
aModels were adjusted for maternal age, education, occupation, parity, marital status, na-
tionality, and antiretroviral therapy at conception.
bAny adverse outcome includes preterm delivery (<37 weeks gestational age), small for 
gestational age (<10th percentile of birth weight by gestational age), neonatal death (infant 
death <28 days), and stillbirth (summed Apgar score of 0).
cAny severe adverse outcome includes very preterm delivery (<32 weeks), very small for 
gestational age (<third percentile of birth weight by gestational age), neonatal death, and 
stillbirth.
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PTD [15]. However, a recent study by Burdette et al. found that 
regardless of the time to treatment for chlamydia or gonorrhea 
during pregnancy, these infections were positively associated 
with PTD and VPTD, while additional studies found that treat-
ment for STIs before 20 weeks reduces the risk of PTD and pro-
posed that treating STIs before 24 weeks may reduce the risk for 
PTD [15, 35, 36].

The strengths of our study included a large and repre-
sentative sample size of pregnant women diagnosed with 
VDS, detailed information regarding antibiotic use and ad-
verse birth outcomes, and a conservative analysis approach 
that minimized bias. However, this study was limited by 
potential misclassification of STI-related vaginal discharge 
due to untreated and asymptomatic cases, in addition to 
the unavailability of diagnostic testing and urine cultures 
for STIs and bacterial vaginosis, and a lack of surveillance 
for group B streptococcus. Additionally, this study could 
not account for the severity of the VDS cases within the 
analyses, could not compare treated vs untreated VDS, and 
could not exclude the possibility that antibiotic use was 
associated with higher severity. Anemia was considered 
a potential confounder and a possible effect mediator, as 
chronic infections may be associated with anemia; for this 
reason, and for missingness, it was not included in the log-
binomial regression models [37]. Our analysis was con-
ducted using observational data (no randomized trial of 
this question would be possible), raising the possibility of 
unmeasured confounding from factors such as additional 
indicators for antibiotic use during pregnancy and antibi-
otic availability. Additional limitations included that only 
48.4% of women with VDS received the 3-drug antibiotic 
combination recommended by Botswana guidelines, we 

could not distinguish between the antibiotics prescribed 
and antibiotic use, and we were unable to tease out the po-
tential impact of individual vs combination antibiotic use 
on outcomes as part of this analysis.

Finally, our analysis was limited by concern for immortal 
time bias, which is of concern for any exposure classifica-
tion that can change during the period when an outcome 
might occur, and we believe this potential bias is worth 
highlighting for similar research studies where new diag-
noses are made in pregnancy. Our efforts to mitigate this bias 
led to the restriction of the study population to women who 
presented to care before 24 weeks and restriction of VDS to 
being diagnosed by this time point (Figure 2). Although this 
restriction reduced the generalizability of our findings, it 
was necessary. When we attempted an unrestricted analysis, 
we observed an apparent protective effect from VDS and an-
tibiotic use for most adverse birth outcomes, because more 
time to experience such events was shifted to the non-VDS 
group (data not shown).

In sum, we observed a high proportion of pregnancies in 
Botswana that were complicated by VDS, accounting for the 
vast majority of antibiotic use in pregnancy. Our study iden-
tified a modest association between treated VDS and VPTD 
and found no harmful associations related to antibiotic use be-
fore 24 weeks gestation and adverse birth outcomes. We could 
neither support nor refute the current syndromic approach for 
providing antibiotics to women diagnosed with VDS in regions 
where diagnostic testing is not available. Our study also high-
lights the difficulty in designing either a randomized or obser-
vational study that can adequately address this question in late 
pregnancy, indicating a need for modeling or other novel ap-
proaches to decision science in this field.

119 478 pregnant women in
surveillance

91 470 women presented to care by 24
weeks gestation with complete date

Birth outcome recorded

71 045 (77.7%) women
without treated VDS by

24 weeks

Limited time with
treated VDS:
included as “no
treated VDS by
24 weeks”

Equal time for a birth
outcome to occur for those
with VDS from 24 weeks
vs no VDS

8142 (11.5%) women
with treated VDS after

24 weeks

20 425 (21.3%) women
with treated VDS by 24

weeks

28 008 women presented to care after
24 weeks gestation or lacked gestational

age or booking data

Figure 2. Flowchart of women presenting to care by 24 weeks gestation and illustration of immortal time bias. Abbreviation: VDS, vaginal discharge syndrome.
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