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A B S T R A C T   

We describe vaginal microbiota, including Gardnerella species and sexually transmitted infections 
(STIs), during pregnancy and their associations with recurrent spontaneous preterm birth (sPTB). 
We performed a prospective cohort study in a tertiary referral centre in the Netherlands, among 
pregnant women with previous sPTB <34 weeks’ gestation. Participants collected three vaginal 
swabs in the first and second trimester. Vaginal microbiota was profiled with 16S rDNA 
sequencing. Gardnerella species and STI’s were tested with qPCR. Standard care was provided 
according to local protocol, including screening and treatment for bacterial vaginosis (BV), 
routine progesterone administration and screening for cervical length shortening. Of 154 par-
ticipants, 26 (16.9 %) experienced recurrent sPTB <37 weeks’ gestation. Microbiota composition 
was not associated with sPTB. During pregnancy, the share of Lactobacillus iners-dominated 
microbiota increased at the expense of diverse microbiota between the first and second trimester. 
This change coincided with treatment for BV, demonstrating a similar change in microbiota 
composition after treatment. In this cohort of high-risk women, we did not find an association 
between vaginal microbiota composition and recurrent sPTB. This should be interpreted with 
care, as these women were offered additional preventive therapies to reduce sPTB according to 
national guidelines including progesterone and BV treatment. The increase observed in L. iners 
dominated microbiota and the decrease in diverse microbiota mid-gestation was most likely 
mediated by BV treatment. Our findings suggest that in recurrent sPTB occurring despite several 
preventive therapies, the microbe-related etiologic contribution might be limited.   
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1. Introduction 

Preterm birth (PTB), defined as birth before 37 completed weeks of gestation, occurs in one out of every 10 pregnancies worldwide. 
Prematurity is the leading cause of neonatal death during the first 28 days of life and the sequelae are the leading cause of childhood 
death under the age of five [1,2]. Therefore, PTB is one of the most prevalent conditions in the Global Burden of Disease analysis [3,4]. 
Approximately one-third of PTBs are medically indicated, while the remaining occur spontaneously after spontaneous contractions or 
spontaneous rupture of membranes [5]. Women with a history of spontaneous PTB (sPTB) are at high risk of recurrent sPTB. The risk of 
recurrence in singleton pregnancies with previous sPTB is approximately 30 %, with higher risk if the previous sPTB was more remote 
from term [6]. sPTB is currently seen as a syndrome attributable to multiple pathological processes, including intrauterine infection, 
cervical insufficiency, low levels or insufficient biological effectiveness of available progesterone, uterine overdistention and vascular 
disorders [7]. Bacterial vaginosis (BV), a state of dysbiosis of the vaginal microbiota with reduced presence of Lactobacillus species and 
proliferation of diverse other bacteria such as Gardnerella species, increases the risk for sPTB significantly [8]. However, treatment of 
BV with antibiotics does not significantly reduce sPTB rate [9,10]. 

In recent years, the use of molecular sequencing techniques has greatly increased the knowledge of vaginal bacterial communities 
and the association with sPTB. Several studies suggest a population-specific association between vaginal microbiota composition and 
sPTB and an important role for microbiota dynamics [11–18]. Most of these studies included a variety of patients, combining 
nulliparous and multiparous women, with diverse risk for sPTB. These heterogeneous populations might mask associations between 
vaginal microbiota and sPTB that may exist in specific groups. 

Recently, the genus Gardnerella was revealed to consist not of one species, but of multiple species [19]. Several studies suggested 
that these species have different pathogenicity and are associated with distinct risks for outcomes such as BV and sPTB, but have gone 
undetected by conventional diagnostic methods [13,20,21]. Sexually transmitted infections (STIs) have also been suggested to increase 
the risk for sPTB [22–24]. However, these pathogens have scarcely been studied together with microbiota composition in relation to 
pregnancy outcomes and thus little is known so far about their prevalence and role in microbiota dynamics in Dutch pregnant women. 

Here, we aimed to describe vaginal microbiota and its dynamics, Gardnerella spp. and STIs during high-risk pregnancy. In addition, 
we aimed to investigate the association of vaginal microbiota with sPTB. 

2. Methods 

2.1. Study design 

We performed a prospective cohort study conducted in two tertiary referral centres in Amsterdam, the Netherlands. Recruitment 
took place in Amsterdam UMC, location AMC, from December 2017 to December 2021 and Amsterdam UMC, location VUmc, from 
May 2019 to December 2021. Women were considered eligible if they were <16 weeks pregnant at the time of inclusion and at high 
risk for sPTB because of a history of sPTB with or without preterm prelabor rupture of membranes between 16 and 34 weeks. Exclusion 
criteria were: (i) inability to provide unassisted informed consent due to language or literacy issues and (ii) screening for BV within 10 
days prior to inclusion because of possible disturbance of the vaginal microbiota due to treatment. All participants provided written 
informed consent. This study was not subjected to legislation for trials, as confirmed by the Institutional Review Board (registration 
number 2017_116#C2019447). 

2.2. Routine care 

Routine screening for BV was performed between 12 and 14 weeks of gestation based on Nugent score (if included at location AMC) 
or cervicovaginal culture (if included on location VUmc), irrespective of symptoms. Participants with a Nugent score of ≥4 or with 
G. vaginalis present in culture were treated with oral clindamycin 300 mg twice daily for five days according to regional protocol. 
Progesterone (vaginal daily or intramuscular weekly) was offered from 16 weeks of gestation as a preventive measure for sPTB. 
Biweekly cervical length measurements were performed between 14 and 24 weeks of gestation. In cases of cervical shortening <25 mm 
prior to 24 weeks of gestation, cervical cerclage or pessary (as part of a randomized controlled trial) [25] were offered. In case of three 
or more previous sPTB, cervical cerclage was placed around 11 weeks of gestation. For cervical cerclage braided suture material was 
used. 

2.3. Data collection 

Three cervicovaginal swabs (eSwab, Copan Diagnostics) were collected. The first swab was taken at inclusion (before or at the same 
time as the swab for BV screening), the second swab was taken between 18 and 20 weeks of gestation and the third swab between 22 
and 24 weeks of gestation. Cervicovaginal swabs were immediately stored at − 20 ◦C after collecting, until transfer to the central 
storage facility at − 80 ◦C within three weeks. Baseline characteristics, clinical data, preventive therapies and pregnancy outcomes 
were extracted from electronic health records. Data was entered in a custom Castor database. Data-entry was checked for accuracy by a 
second researcher in 10 % of participants. 
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3. Outcomes 

The primary outcome measure was sPTB, defined as spontaneous preterm rupture of membranes or spontaneous preterm onset of 
labor. The primary outcome included both sPTB between 23 and 37 weeks of gestation and late second trimester pregnancy loss 
between 16 and 22 weeks of gestation. The secondary outcome measures were dynamics of vaginal microbiota, vaginal microbiota 
composition, presence of Gardnerella spp. and STIs during pregnancy. 

3.1. Vaginal microbiota sequence analysis 

DNA extraction and vaginal microbiota 16S rDNA sequence analysis was performed as previously described [26]. The code for 
bioinformatics analyses is available in Supplementary material. Samples with a read count <370 reads were excluded from analysis, 
based on the negative controls. The VALENCIA tool was used to determine vaginal Community State Types (CSTs) and divide samples 
into five groups (CST I, L. crispatus dominated; CST II, L. gasseri dominated; CST III, L. iners dominated; CST IV, Gardnerella, Atopobium 
vaginae, BVAB1 or depleted lactobacilli; CST V, L. jensenii dominated). 

3.2. Gardnerella species and STI detection 

Quantitative PCR (qPCR) was performed in the Laboratory Bacteriology Research (Ghent University, Ghent, Belgium) to differ-
entiate between different Gardnerella spp. as described previously [27]. DNA for the standard dilution series and positive controls for 
G. leopoldii, G. piotii, G. swidsinskii and G. vaginalis were extracted from cultures of strain UGent 09.48, strain UGent 18.01T, strain 
GS10234 and strain LMG7832T, respectively. All these strains were cultured anaerobically at 37 ◦C on chocolate agar plates (Becton 
Dickinson) for 48 h after which DNA was extracted using the Roche High Pure PCR Template Preparation Kit (Roche). 

STIs, including Chlamydia trachomatis, Neisseria gonorrhoeae, Mycoplasma genitalium and Trichomonas vaginalis, were detected using 
the ALINITY m STI ASSAY according to manufacturer’s protocol (Abbott). These were tested retrospectively, hence no treatment was 
provided. 

3.3. Statistical analyses 

Missing variables for ethnicity and BMI were handled using single imputation. Baseline characteristics were presented as mean and 
standard deviation (SD) for normally distributed continuous variables, median and interquartile range (IQR) for non-normally 
distributed continuous variables or as absolute numbers and percentages for categorical variables. Odds ratios (ORs) and 95 % con-
fidence intervals (CIs) were calculated using logistic regression with Firth’s correction, and were corrected for ethnicity (White 
European/non-White European), body mass index (continuous) and smoking (no/yes or stopped during pregnancy). We defined a 
priori which associations to estimate and confounders to use in multivariable logistic regression. Due to the small number of events, 
overfitting or overestimations of associations could be an issue. To reduce overfitting, we applied Firth’s correction for all ORs. Firth’s 
correction uses penalized likelihood to shrink estimated associations that are overly optimistic [28]. The reference group consisted of 
all participants without sPTB, including participants with term birth, medically indicated PTB >16 weeks of gestation and pregnancy 
termination >16 weeks of gestation. We performed analysis with only the swabs taken <16 weeks of gestation (one swab per 
participant) and all available swabs (multiple swabs per participant). For determining associations between sPTB and longitudinal 
CST, Gardnerella spp. and STI data we used mixed model analysis and cox regression. We used MaAsLin2 for determining associations 
between individual taxa and sPTB [29]. This tool uses general linear models to determine associations between individual bacterial 
taxa and outcomes and is appropriate for longitudinal data. For this analysis, only taxa were included with a minimum relative 
abundance of 0.01 in at least 10 % of samples. The Mc-Nemar-Bowker test was used for paired categorical data. Statistical analyses 
were performed through IBM SPSS Statistics (Statistical Package for the Social Sciences, version 26.0) and R version 3.3.2 (R Core 
Team (2016)) with the mice, miceadds, logistf, lme4, survival and MaAsLin2 packages. P-values <0.05 were considered statistically 
significant. 

3.4. Core outcome set 

We report on all the essential items to report on in research concerning vaginal microbiota and PTB recommended by the PREBIC 
Biomarker Working Group [30]. 

3.5. Patient involvement 

The research question we addressed in this paper was co-developed in collaboration with patients and clinicians in an existing 
James Lind Alliance priority setting, and was marked out us number one priority [31]. There was no other patient involvement. 
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4. Results 

4.1. Cohort characteristics 

A total of 154 participants were included in this study. One participant was lost to follow up. Cohort characteristics are described in 
Table 1. sPTB occurred in 26 participants (16.9 %), two participants with late second trimester pregnancy loss between 16+0 and 22+6 

weeks of gestation and 24 participants with sPTB between 23+0 and 36+6 weeks of gestation. Of the five participants carrying twins 
(3.2 %), three had a sPTB. Progesterone was initiated in 141 participants (91.6 %) at median 16 (IQR 16–16) weeks of gestation. 
Cervical cerclage was placed in 31 participants (20.7 %) during pregnancy at median 15 (IQR 13–18) weeks of gestation. In 14 
participants (45.2 %) this was elective cervical cerclage and in 17 (54.8 %) due to cervical shortening. A cervix <25 mm was detected 
in 25 (17 %) participants. Several risk factors for sPTB comparing women with and without a short cervix are described in Table S1. 

Table 1 
Cohort characteristics (n = 154).   

sPTB (n = 26) no sPTB (n = 128) Missing 

n % n % n % 

Gestational age at inclusion (mean, sd) 12.5 1.6 13.0 2.1   
Age (mean, SD) 32.7 3.9 32.4 4.5   
Ethnicity     4 2.6 

White European 14 53.8 55 44.4   
African 3 11.5 26 21.0   
Surinamese 1 3.8 13 10.5   
Turkish 2 7.7 4 3.2   
Indian 0  5 4.0   
Other Asian 3 11.5 2 1.6   
Hispanic 1 3.8 4 3.2   
Mixed 2 7.7 12 9.7   
Other 0  3 2.4   

Smoking during entire pregnancy 0  3 2.3   
BMI (median, IQR) 24.8 20.5–28.8 24.2 21.8–28.6 3 1.9 
Previous sexually transmitted infections 

Chlamydia trachomatis 4 15.4 14 10.9   
Neisseria gonorrhoeae 2 7.7 1 0.8   

Parity 
1 17 65.4 65 50.8   
2 3 11.5 34 26.6   
≥3 6 23.0 29 22.6   

Previous preterm delivery 
<23 + 0 weeks of gestation 5 19.2 45 35.2   
<28+0weeks of gestation 10 38.5 39 30.5   

Interpregnancy interval in months 
<6 months 8 30.8 28 21.9   
6–12 months 4 15.4 25 19.5   
>12 months 14 53.8 75 58.6   

ART current pregnancy 
IUI 0  1 0.8   
IVF 3 11.5 3 2.3   
ICSI 1 3.8 9 7.0   

Bacterial vaginosis screening 
receiving treatment 7 26.9 40 31.3   
vaginal complaints during first trimester 1 3.8 4 3.1   

Preventive therapies 
Progesterone 24 92.3 117 93.6 3* 1.9 
Cervical cerclage placed transvaginally during pregnancy 5 19.2 26 20.3 4* 2.6 
Cervical cerclage placed transabdominally pre-pregnancy 0  3 2.3 4* 2.6 
Cervical pessary 3 11.5 5 3.9   

Cervical length < 25 mm 7 26.9 18 14.1 18** 11.7 
Twin pregnancy 3 11.5 2 1.6 6* 3.8 
Timing of delivery     1 0.6 

Spontaneous miscarriage <16+0 weeks 0  2 1.6   
Termination for congenital anomalies 0  3 2.3   
Late miscarriage (16–22+6 weeks of gestation) 2 7.7 0    
Spontaneous preterm birth (23+0–36+6 weeks of gestation) 24 92.3 0    
medically indicated preterm birth 23+0–36+6 weeks of gestation) 0  8 6.3   
Term birth (>37+0 weeks of gestation) 0  114 89.8   

SD: standard deviation. IQR: interquartile range. *including miscarriages <16 + 0 weeks of gestation and pregnancy terminations. **including 
miscarriages <16 + 0 weeks of gestation and pregnancy terminations and participants with cervical cerclage or pessary in situ before start routine 
cervical length measurements. 
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4.2. Vaginal microbiota dynamics 

We collected 348 swabs in total. From 39 participants (25.3 %) one swab was collected, from 36 (23.4 %) two swabs were collected 
and from 79 (51.3 %) three swabs were collected. The first swab was taken at a mean of 12.7 weeks of gestation (standard deviation 
(SD) 1.6), the second swab at a mean of 19.0 weeks of gestation (SD 1.2) and the third swab at a mean of 23.2 weeks of gestation (SD 
2.1). Based on 16S rDNA sequencing, 12 samples were excluded from vaginal microbiota composition analysis due to low read count. 
The read counts with assigned bacteria and CST and subCST are described in Table S2. At the collection of the first swab, the most 
common vaginal microbiota profile was CST IV (32.2 %), Fig. 1A. Later in pregnancy, at collection of the second swab, a statistically 
significant increase in participants with CST III (44.8 %) and a decrease of participants with CST IV (16.2 %) was observed (p = 0.04). 
The distribution of CSTs was similar at collection of the second and third swab. The increase in CST III at collection of the second swab 
was most prominent in non-White European participants, although not statistically significant in subgroup analysis, see Fig. 1A. The 
majority of participants had the same microbiota profile at collection of all samples (76.1 %), Fig. 2. Screening and treatment for BV 
occurred between the first and second swab for the majority of participants. In participants who were treated for BV, a change in 
microbiota profile from mainly CST-IV to mainly CST-III was observed after treatment (p < 0.01), Fig. 1B. Among the participants that 
were not treated for BV no statistically significant change in microbiota profile was observed, Fig. 1B. 

Fig. 1. Community State Type dynamics. Swab 1 taken at mean 12.8 weeks of gestation, swab 2 at mean 19.3 weeks of gestation and swab 3 at 
mean 23.3 weeks of gestation. A) Distribution of community state types (CSTs) at different sampling moments during pregnancy, for all participants, 
White European participants and non-White European participants. B) On the left bars depicting the distribution of CSTs of swab 1 and 2 of 
participants that were treated for bacterial vaginosis (BV) and on the right participants that were not treated for BV. BV treatment was given to 
participants between swab 1 and 2 if Nugent score ≥4 or G. vaginalis was present in cervicovaginal culture in a separate sample. *P < 0.05, **P 
< 0.01. 
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4.3. Gardnerella species 

Our results were further refined by investigating the presence of four Gardnerella spp.: G. leopoldii, G. piotii, G. swidsinskii and 
G. vaginalis. Of the 348 total samples, one did not contain enough material for further analysis. In the majority of samples, at least one 
Gardnerella spp. was detected (86.2 %). G. leopoldii was the least abundant species, being detected in 22.2 % of samples, followed by 
G. swidsinskii, which was detected in 44.4 % of samples. G. vaginalis and G. piotii had a similar prevalence, of 57.1 % and 57.3 % 
respectively. In 27.4 % of the 347 samples, a single Gardnerella spp. was present (G. leopoldii 2.3 %, G. piotii 9.5 %, G. swidsinskii 5.2 % 
and G. vaginalis 10.4 %), and in 58.8 % a combination of species. In the majority of participants, the distribution of Gardnerella spp. 
changed over time (91.3 %). In the samples with G. leopoldii or G. vaginalis (as single species or in combination with other Gardnerella 
spp.), CST IV was statistically significantly more abundant compared to participants without these species (p < 0.001 and p = 0.007, 
respectively), Fig. S1A. Samples with a combination of Gardnerella spp. displayed more CST IV compared to samples without any or 
with a single Gardnerella spp., but this difference was not statistically significant, Fig. S1B. 

Fig. 2. Course of pregnancy. Each line represents a participant. Each circle represents a swab taken for the study. The other shapes represent an 
event occurring in routine care. Events at 0 weeks of gestation took place pre-pregnancy. 

Table 2 
Associations with spontaneous preterm birth.   

only samples <16 weeks of gestation all samples 

univariate multivariatea univariate multivariatea 

OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI 

Microbiota 
CST I ref Ref 
CST II 1.8 0.4–6.8 1.6 0.4–6.1 2.3 0.8–5.9 2.1 0.8–5.6 
CST III 0.5 0.1–1.8 0.5 0.1–1.8 1.0 0.5–2.1 1.0 0.5–2.2 
CST IV 1.4 0.5–4.0 1.4 0.5–4.0 1.7 0.8–3.8 1.8 0.8–3.9 
CST V 0.4 <0.1–4.4 0.4 <0.1–4.0 0.3 <0.1–2.6 0.3 <0.1–2.6 

Gardnerella species detection 
G. leopoldii 2.4 1.0–5.7 2.8 1.1–6.9 2.0 1.0–3.7 2.2 1.2–4.2 
G. piotii 0.8 0.3–1.9 0.8 0.3–1.8 0.6 0.3–1.0 0.6 0.3–1.0 
G. swidsinskii 0.6 0.2–1.4 0.6 0.2–1.4 0.7 0.4–1.2 0.7 0.4–1.2 
G. vaginalis 0.8 0.4–1.9 0.8 0.4–1.9 1.3 0.7–2.3 1.2 0.7–2.3 
Any STI 1.3 0.2–5.4 1.5 0.2–6.4 0.9 0.2–3.2 1.2 0.2–4.5 

All logistic regression analyses with Firth’ss correction adjusted for gestational age. Only including participants with a pregnancy that progressed 
beyond 16 weeks of gestation. a Multivariate analyses are adjusted for ethnicity (White European/non-White European), body mass index (contin-
uous) and smoking (no/yes or stopped during pregnancy). Statistically significant data (p < 0.05) are presented in bold. 
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4.4. Sexually transmitted infections 

Of the 348 available samples, analysis of STIs failed in five samples. N. gonorrhoea was not detected in any sample. In 16 samples 
from 11 participants, STIs were detected, Table S3. Three participants had samples that were positive for more than one STI, one with 
both M. genitalium and T. vaginalis and two with C. trachomatis, M. genitalium and T. vaginalis. Two participants had STIs in subsequent 
samples, that were not detected in the first sample, showing incident infection during the course of pregnancy. The first participant had 
T. vaginalis only in the first sample and C. trachomatis, M. genitalium and T. vaginalis in the second sample, the second participant had no 
STIs in the first sample and M. genitalium in the second sample. Of the samples in which an STI was detected, this was most often 
accompanied by CST IV (50.0 %, compared to 28.6 % with CST I and 21.4 % with CST III). 

4.5. Associations with spontaneous preterm birth 

We found no statistically significant associations with any of the CSTs in univariate or multivariate analysis using only samples 
taken <16 weeks of gestation or all available samples, Table 2. Due to the limited study size, inconsistent results were observed using 
mixed model and Cox regression analysis. The unstable estimations that these models provided, were similar to the results of the 
logistic regression models presented. Neither did we find statistically significant associations between individual taxa and sPTB. 

We found a statistically significant association between G. leopoldii and sPTB (aOR 2.8 95 % CI 1.1–6.9 for only samples <16 weeks 
of gestation, before antibiotic or progesterone treatment, and OR 2.0 95 % CI 1.0–3.7, aOR 2.2 95 % CI 1.2–4.2 for all samples). The 
other Gardnerella spp. did not have statistically significant associations with sPTB. We found no associations between the presence of 
STIs and sPTB. 

5. Discussion 

5.1. Main findings 

In this descriptive study of Dutch pregnant women with a history of sPTB, we observed no association between microbiota 
composition and recurrent sPTB. Our study is one of the few reporting on vaginal microbiota composition specifically among women 
with a history of sPTB. As these women received different preventive therapies such a routine administration of progesterone and 
treatment of bacterial vaginosis with a 5-day course of oral clindamycin, our findings may suggest that the aetiology of the remaining 
recurrent sPTB in our study population might be underpinned by other mechanisms than disturbed vaginal microbiota. 

5.2. Interpretation 

Existing literature has not shown a consistent picture of the role of the vaginal microbiome in recurrent sPTB. While several studies 
draw conclusions based on a mixed population, including participants with low and high risk for sPTB, data on recurrent sPTB spe-
cifically is limited. One study reported a protective effect of L. crispatus dominance against recurrent sPTB, whereas L. iners was 
associated with increased risk of recurrent sPTB [11]. Three other studies did not find a statistically significant association between 
vaginal microbiota composition and recurrent sPTB [13,32,33]. However, none of these studies reported on antibiotic use during 
pregnancy. Three of the studies are performed in the United Kingdom and one in the United States of America, both countries having 
very different obstetric care systems compared to The Netherlands. Also, the ethnic background of the participants in the different 
studies is very diverse, which makes generalizing these results to the Dutch population difficult. And only one the studies adjusted their 
analyses for ethnicity [11]. Many other studies with mixed population reported associations between lactobacilli-depleted microbiota 
composition and sPTB [12,13,15,17,34–36]. However, antibiotic BV treatment has thus far not been proven to reduce (recurrent) sPTB 
[9,10]. Microbe-related inflammation could be involved in a spectrum of obstetric syndromes, including dysfunctional placentation 
associated with pre-eclampsia [37]. The absence of an association with recurrent sPTB in our and other studies could indicate that 
vaginal microbiota attributes little to recurrent sPTB within this specific population, taking all the other preventive therapies into 
account. Microbe-related sPTB may be more involved in sporadic pregnancy loss, while in women with recurrent sPTB other risk 
factors, like cervical insufficiency, are more important. 

We observed a decrease in diverse microbiota and increase in L. iners-dominated microbiota during pregnancy, which coincided 
with initiation of progesterone therapy and treatment of BV. Previous studies have investigated the dynamics during pregnancy. 
Serrano et al. performed a study among pregnant women without progesterone use, sampled in first, second and third trimester and 
demonstrated similar dynamics of vaginal microbiota [38]. However, this study did not mention BV treatment between the first and 
second trimester. Two other studies did not find obvious changes in vaginal microbiota composition during pregnancy, nor an effect of 
progesterone, but both studies started sampling at the start of the second trimester [11,32]. In our study, the treatment of BV most 
likely explains the change in microbiota profile during pregnancy. A larger randomized study could evaluate the effect of progesterone, 
BV treatment and the natural course of pregnancy on vaginal microbiota in relation with recurrent sPTB. 

While the association between G. leopoldii and recurrent sPTB is interesting, it should be interpreted with caution. It might be a 
reflection of small sample size and unknown interrelations between G. leopoldii, confounders and the outcome. However, other studies 
also found associations between different species of Gardnerella and sPTB [13,39]. A recent study made an contrasting observation in a 
group of Zambian women, displaying less G. leopoldii in women with PTB [39]. One study suggested the distribution of Gardnerella spp. 
is dependent on ethnicity, as is common in vaginal microbiome composition and other vaginal species [38]. Little is known on the 
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topographic divergence and the pathogenic potential of different Gardnerella spp., while this could further refine the association 
between vaginal microbiota and sPTB. Future studies should further explore the role of different Gardnerella spp. and sPTB, and 
especially G. leopoldii, to confirm our results. 

We observed that multiple participants had one or more STIs, or contracted an STI during pregnancy. Each of these STIs have been 
consistently linked to sPTB in meta-analyses, all with ORs <2.0 [22,40,41]. We most likely did not find a statistically significant 
association between sPTB and the STIs tested, due to the small expected effect size and limited sample size. Despite the limited 
attribution to sPTB, the high rates of STIs in this population raises the question whether we should screen and treat all women or 
specific populations for STIs before or during pregnancy. 

5.3. Strengths and limitations 

The major strength of our study is the specific population, including only women with a history of one or more sPTB. This allows the 
investigation of specific mechanisms in recurrent sPTB. Our cohort is reflective of the population eligible for preventive therapies. 
Also, the ethnic diversity in our population reflects the urban area in which the study took place and helps to generalise our results. We 
also included participants pregnant with twins. This enhances representability of pregnant women at risk for recurrent sPTB, but could 
have had a limited effect on the association with microbe related recurrent preterm birth. Another strength is the broad dataset on 
other risk factors for preterm birth, including STIs. 

The foremost limitation of our study is the limited sample size. Due to the limited number of sPTB cases, we were not able to 
investigate associations with subgroups such as sPTB at lower gestational ages at less than 28 or 34 weeks of gestation. Infection as a 
cause for sPTB is mainly present at lower gestational ages. In this sense our study was similar to existing cohorts on this topic [12,13,17, 
32]. However, we performed additional statistical corrections to account for this, but longitudinal regression models were not reliable. 
With the sample size of our study, we would have been able to demonstrate a clinically relevant OR ≥ 2.5. The fact that we did not find 
a statistically significant association between vaginal microbiota and sPTB means that in our population, any association we did not 
pick up is small, if present at all, and clinical relevance would be doubtful. Systematically aggregating the available evidence for an 
association between vaginal microbiota and recurrent sPTB would provide more insight, but has not been considered in existing 
meta-analyses to date [30,42]. Small sample size was further exacerbated by the fact that several participants collected fewer than 
three swabs and there were slight differences in the gestational ages at which the swabs were collected, which could have contributed 
to statistical uncertainty. An additional major limitation is the fact that this cohort of women at high risk for recurrent sPTB was treated 
according to national guidelines for this specific population, including screening and antibiotic treatment of BV, progesterone between 
16 and 36 weeks of gestation and cervical cerclage if indicated. The antibiotic treatment of BV has influenced the vaginal microbiota 
composition, as described in Fig. 1. The preventive therapies may have influenced recurrent sPTB rates and thus have limited our 
ability to assess an association between vaginal microbiota and sPTB <37 weeks of gestation. Another limitation is the lack of in-
formation on several factors associated with vaginal microbiota and/or sPTB, such as vaginal douching and sexual practices. 

6. Conclusion 

In conclusion, we did not find an association between vaginal microbiota and recurrent sPTB at less than 37 weeks of gestation in 
this population of women with a history of sPTB. Although vaginal microbiota have been robustly shown to play a role among sPTB in 
general, our data suggests that other pathophysiological phenomena may play a larger role in the aetiology of recurrent sPTB in a 
population treated with vaginal progesterone and clindamycin for bacterial vaginosis. Future meta-analyses could shed further light on 
this topic by considering women with a history of sPTB separately, particularly because our study’s size was insufficient to rule out a 
small effects of vaginal microbiota on recurrent sPTB. 
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