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Objectives To explore differences in the vaginal microbiome

between preterm and term deliveries.

Design Nested case–control study in 3D cohort (design, develop,

discover).

Setting Quebec, Canada.

Sample Ninety-four women with spontaneous preterm birth as

cases [17 early (<34 weeks) and 77 late (34–36 weeks) preterm

birth] and 356 women as controls with term delivery (≥37 weeks).

Methods To assess the vaginal microbiome by sequencing the V4

region of the 16S ribosomal RNA (rRNA) gene in swabs self-

collected during early pregnancy.

Main outcome measures Comparison of relative abundance of

bacterial operational taxonomic units and oligotypes and

identifying vaginal community state types (CSTs) in early or late

spontaneous preterm and term deliveries.

Results Lactobacillus gasseri/ Lactobacillus johnsonii (coefficient

�5.36, 95% CI �8.07 to �2.65), Lactobacillus crispatus (99%)/

Lactobacillus acidophilus (99%) (�4.58, 95% CI �6.20 to �2.96),

Lactobacillus iners (99%)/ Ralstonia solanacearum (99%) (�3.98,

95% CI �6.48 to �1.47) and Bifidobacterium longum/

Bifidobacterium breve (�8.84, 95% CI �12.96 to �4.73) were

associated with decreased risk of early but not late preterm birth.

Six vaginal CSTs were identified: four dominated by Lactobacillus;

one with presence of bacterial vaginosis-associated bacteria

(Gardnerella vaginalis, Atopobium vaginae and Veillonellaceae

bacterium) (CST IV); and one with nondominance of

Lactobacillus (CST VI). CST IV was associated with increased risk

of early (4.22, 95% CI 1.24–24.85) but not late (1.63, 95% CI

0.68–5.04) preterm birth, compared with CST VI.

Conclusions Lactobacillus gasseri/L. johnsonii, L. crispatus/

L. acidophilus, L. iners/R. solanacearum and B. longum/B. breve

may be associated with decreased risk of early preterm birth. A

bacterial vaginosis-related vaginal CST versus a CST

nondominated by Lactobacillus may be associated with increased

risk of early preterm birth.

Keywords 16S rRNA, bacterial vaginosis, Lactobacillus, preterm

birth, vaginal microbiome.
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Introduction

Bacterial vaginosis (BV) is a state of altered vaginal micro-

biome that has been associated with increased risk of pre-

term birth, especially early in pregnancy.1–3 Bacterial

vaginosis is diagnosed by Nugent score4 but it is subjective

and requires specialised training.5 Recently, sequencing of

the 16S ribosomal RNA (rRNA) gene has resulted in pre-

cise bacterial identification in different tissues including the

vagina.6,7

The association between maternal vaginal microbiome

and risk of preterm birth is controversial.2,8–11 In a US

case–control study, the risk of preterm birth was higher in

patients within a community state type (CST) poor in
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Lactobacillus but with highly abundant Gardnerella or Urea-

plasma.2 In a US cohort,8 no correlation was observed

between low abundance or absence of Lactobacillus and the

risk of preterm birth, despite lower intracommunity diver-

sity [Shannon diversity index (SDI)] in preterm versus

term white population.8 A UK study reported that a domi-

nance of Lactobacillus crispatus in the vaginal microbiota at

16 weeks of gestation is protective against preterm birth

(<34 weeks), whereas Lactobacillus iners is a risk factor for

preterm birth in women at high risk of preterm birth.11

This suggests the importance of identification of Lactobacil-

lus to species level. They recently reported a similar protec-

tive effect of L. crispatus on preterm birth but the

association between lower Lactobacillus, higher Gardnerella

and preterm birth was only seen among white population

and African Americans.12 Additionally, a cross-sectional US

study (mainly African Americans) reported no distinct taxa

across pregnancy in association with preterm birth.10 Simi-

larly, no differences in SDI, bacterial taxa and vaginal CSTs

were reported between women with early preterm

(<34 weeks) versus term deliveries, despite mainly being

African Americans,9 which is an ethnicity associated with

higher risk of both BV and preterm birth.6,13 These studies

suggest that the association between the vaginal micro-

biome and preterm birth is population-dependent.12

Previous studies on the vaginal microbiome and preterm

birth had small sample size,2,8–10 inconsistency in collection

of vaginal swabs across pregnancy8,10 and limited informa-

tion on spontaneous preterm births.2,14 Therefore, the

objective of the current large case–control study (mainly

white European population) was to compare the composi-

tion of the bacterial community in vaginal swabs collected

consistently in early pregnancy of women with early

(<34 weeks) and late (34–36 weeks) spontaneous preterm

and term (≥37 weeks) deliveries and to identify vaginal

CSTs in association with risk of early and late preterm ver-

sus term birth.

Methods

Sample collection and study design
This is a case–control study nested in the 3D pregnancy cohort

(design, develop, discover), which included singleton preg-

nant women (n = 2366)15 recruited in nine Quebec hospitals

during the first trimester (8+0–13+6 weeks) of pregnancy.

More details of the 3D pregnancy data collection cohort can

be found in the Supplementary material (Appendix S1A). All

women provided informed consent before recruitment. From

the initial cohort, there were 120 cases of preterm birth

(<37 weeks of gestation) and we performed simple random

selection of 360 controls who had term delivery (> 37 weeks

of gestation) in their current pregnancy. To have a statistical

power of 80% for the detection of ~ 3% difference in

prevalence of a Nugent score > 7 (BV) at early pregnancy

between preterm and term deliveries, selection of a control to

case ratio of 3 : 1 is required.16 We then excluded women

with cervical cerclage in the present or any past pregnancy

(due to cervical insufficiency and threatened miscarriage/pre-

term birth) or uterine malformation, because these women

are at higher risk for preterm birth.11,17 Patients for whom a

first-trimester vaginal swab was missing were excluded (n = 6

preterm and n = 1 term). To exclusively explore spontaneous

preterm births, patients with pre-eclampsia (n = 13 preterm

and n = 3 term) and those who were induced for medical rea-

sons (e.g. fetal growth restriction) before preterm birth (n = 7

preterm) were also excluded. The final study sample therefore

consisted of 94 cases of spontaneous preterm birth and 356

term deliveries (controls). Among the cases, there were

n = 17 early (<34 weeks) and n = 77 late (34–36 weeks) pre-

term births. The consort flow diagram for the study is pre-

sented in the Supplementary material (Figure S1). This study

was approved by the Ethics Committee of the Research Centre

of CHU Sainte Justine.

Gestational age at delivery was assessed by maternal last

menstrual period or through first-trimester ultrasound

assessments of the crown–rump length.18 We defined pre-

term birth as gestational age at delivery of <37 weeks and

categorised preterm birth into early (<34 weeks) and late

(34–36 weeks) preterm birth.

Vaginal samples

Sample collection
In the first trimester of pregnancy (8+0–13+6 weeks), two

vaginal swabs were self-collected after instructions were

provided by trained research staff. Studies have shown

strong validity for the overall and morphotype-specific

scores comparing self-collected swabs with those collected

by trained health professionals19 and high intra-rater and

inter-rater reliabilities.20 One vaginal swab was rolled onto

glass slides, air-dried, Gram-stained and examined under

oil immersion for vaginal microbiota assessment using the

Nugent score.4 The other vaginal swab was placed in a tube

without any buffer and immediately stored at �80°C until

assayed.

Nugent score
The Nugent score was defined as: no bacterial vaginosis (0–
3 score), intermediate bacterial vaginosis (4–6 score) or BV

(7–10 score).4 For more details, refer to the Supplementary

material (Appendix S1B).

DNA extraction from vaginal swabs
We used the procedure previously described by Ravel

et al.6 Details can be found in the Supplementary material

(Appendix S1C).
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Sequencing of barcoded 16S rRNA gene amplicons
Primers 515F and 806R were used for polymerase chain

reaction amplification of the V4 hypervariable regions of

16S rRNA genes. The primers used for this study are pre-

sented in the Supplementary material (Table S1).

Bioinformatic analyses
We used the ILLUMINA-UTILS library v1.4.821 to demultiplex

raw sequencing reads and merge partially overlapping

paired-end reads into high-quality reads for downstream

analyses. Details can be found in the Supplementary mate-

rial (Appendix S1D).

Statistical analyses
We used count regression models to analyse read count

data by assuming a Poisson or negative binomial distribu-

tion of the response9 similar to Romero et al.9 For the pur-

pose of exploring differences in bacterial taxa (global

alignment for sequence taxonomy) and oligotype (mini-

mum entropy decomposition) relative abundance between

early and late preterm versus term deliveries, we analysed

the relative abundance of one taxa or oligotype at a time.

Details can be found in the Supplementary material

(Appendix S1E).

The reported estimated coefficient (coeff) represents the

expected change in log relative abundance between women

who developed early and late spontaneous preterm birth and

those who had a term delivery. Adjustments were made by

false discovery rate,22 and the adjusted P-value was reported.

Models were also adjusted for confounding factors in the

association between vaginal microbiome and spontaneous

preterm birth, which were maternal age, pre-pregnancy body

mass index, ethnicity, parity and smoking history.

Continuous data were analysed by t-tests/analyses of

variance for normally distributed data and Mann–Whitney

for non-normally distributed data. Categorical variables

were compared by Pearson’s chi-square test or Fisher’s

exact test (n < 5), and a logistic regression (Wald

method)23 was used to determine the risk of spontaneous

preterm births of CSTs compared with CST IV. Statistics

were run on SAS 9.3 and R version 3.3.1.24

Clustering of bacterial communities into
community state types
Clustering of the bacterial communities into CSTs was per-

formed as previously reported.2 For more details, refer to

the Supplementary material (Appendix S1F). This type of

clustering effectively separated vaginal communities into six

different CSTs: four that were dominated by different Lac-

tobacillus species; one CST with greater diversity and pres-

ence of BV-associated bacteria (Gardnerella vaginalis,

Atopobium vaginae and Veillonellaceae bacterium) (CST

IV); and one CST with lower diversity and nondominance

of Lactobacillus species (CST VI). Those analyses were car-

ried out with R version 3.3.1.24

Results

Characteristics of the study population
Maternal characteristics are presented in Table 1. There

were no significant differences between spontaneous pre-

term cases and controls in sociodemographic status, ethnic-

ity, family income, parity, presence of vaginal infection,

pre-pregnancy body mass index and smoking history.

Vaginal microbiome and Nugent scores
We did not observe any significant correlations between

relative abundance of vaginal microbial community com-

position and Nugent score categories (no BV, intermediate

BV and BV) or for overall Nugent scores (0–10) (data not

shown). Additionally, the microbial diversity (SDI) was not

different between Nugent score categories (F = 0.390,

P = 0.677) (see Supplementary material, Figure S2) or

among overall Nugent scores (0–10) (F = 1.753, P = 0.067)

(see Supplementary material, Figure S3).

The vaginal microbial community composition
during early pregnancy in women who develop
early and late spontaneous preterm birth versus
term delivery
The distribution of vaginal microbial relative abundance

composition between pregnant women who had early

(<34 weeks of gestation) and late (34–36 weeks of gesta-

tion) preterm versus term (≥37 weeks of gestation) deliver-

ies is presented for oligotypes (Table 2) and taxonomy (see

Supplementary material, Table S2). Among bacterial oligo-

types, Lactobacillus gasseri/Lactobacillus johnsonii (coeff

�5.36, 95% CI �8.07 to �2.65), Lactobacillus crispatus

(99%)/Lactobacillus acidophilus (99%) (coeff �4.58, 95% CI

�6.20 to �2.96) and Lactobacillus iners (99%)/Ralstonia

solanacearum (99%) (coeff �3.98, 95% CI �6.48 to �1.47)

were associated with decreased risk of early spontaneous

preterm birth. However, these oligotypes were not signifi-

cantly associated with risk of late spontaneous preterm ver-

sus term deliveries (Table 2; see Supplementary material,

Figure S4A–C). Bifidobacterium longum/Bifidobacterium

breve was also associated with decreased risk of early (coeff

�8.84, 95% CI �12.96 to �4.73) but not late (coeff �0.55,

95% CI �2.90 to 1.80) spontaneous preterm birth (Table 2;

see Supplementary material, Figure S4D. Other vaginal

microbial oligotype relative abundance composition was not

significantly different between women who had early and

late preterm versus term deliveries (Table 2).

The microbial diversity for oligotypes was not different

between women who had an early and late preterm delivery

and those who had a term delivery (early preterm birth: SDI
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median 0.95; interquartile range 0.39–2.33, late preterm birth:

SDI median 0.99; interquartile range 0.41–1.68 and term deliv-

ery: SDI median 0.84; interquartile range 0.41–1.47, P = 0.646).

Additionally, no differences were observed in vaginal

microbial taxonomy relative abundance composition between

pregnant women who had early and late preterm versus term

deliveries except for Bifidobacterium, which was associated

with decreased risk of early preterm birth (coeff �5.29, 95%

CI �7.88 to �2.70)), but this association was not significant

for late preterm birth (coeff �0.64, 95% CI �2.34 to 1.07)

(see Supplementary material, Table S2 and Figure S5).

Vaginal microbial community state types at early
pregnancy in women who develop early and late
spontaneous preterm birth versus term deliveries
The heat map of the relative abundance of the 25 most abun-

dant oligotypes in the vaginal communities of pregnant

women by early and late preterm birth and term delivery is

presented in Figure 1. Associations between vaginal CSTs and

early and late spontaneous preterm birth versus term deliver-

ies are presented in the Supplementary material (Table S3).

Overall, frequencies of CST I, II, III, IV, V and VI in the entire

sample were 35.6, 7.1, 25.1, 10.2, 7.1 and 14.9%, respectively.

There were no differences in the overall frequency of the dif-

ferent CSTs between women who delivered early and late pre-

term and those who delivered at term (see Supplementary

material, Table S3, P = 0.1429). However, the frequency of

early spontaneous preterm birth was higher in CST IV than in

CST VI (15.2 versus 3.8%, P = 0.026, see Supplementary

material, Table S3). The microbial diversity (SDI) was signifi-

cantly different between the CSTs (Figure 2, F = 44.26,

P < 0.0001) and CST IV compared with CST VI was associ-

ated with increased risk of early (4.22, 95% CI 1.24–24.85) but
not late (1.63, 95% CI 0.68–5.04) spontaneous preterm deliv-

ery (see Supplementary material, Table S3). We also explored

the distribution of vaginal CSTs by ethnicity (see Supplemen-

tary material, Table S4). More details can be found in

Appendix S2 (see Supplementary material).

Discussion

Main findings
This is the largest next-generation sequencing-based analy-

sis to date with a nested case–control design exploring dif-

ferences in vaginal microbiome composition between

spontaneous preterm birth and term deliveries. Our results

suggest that L. gasseri/L. johnsonii, L. crispatus (99%)/

L. acidophilus (99%), L. iners (99%)/R. solanacearum

(99%) and B. longum/B. breve may be associated with

decreased risk of early but not late spontaneous preterm

birth. Additionally, a vaginal CST with high diversity and

presence of BV-associated bacteria (G. vaginalis, A. vaginae

and Veillonellaceae bacterium) may be associated with

Table 1. Demographic and clinical characteristics for spontaneous

preterm birth and term deliveries

Variables Total population P-

values
Term,

n (%)

Preterm,

n (%)

Maternal age (years)

< 35 134 (37.7) 33 (35.1) 0.638

≥ 35 221 (62.3) 61 (64.9)

Ethnicity

White European 262 (73.6) 65 (69.1) 0.333

Black African 16 (4.5) 10 (10.6)

African American 6 (1.7) 0 (0)

East Asian 13 (3.7) 2 (2.1)

South Asian 4 (1.1) 0 (0)

Arab 24 (6.7) 7 (7.5)

South/Central

American

20 (5.6) 6 (6.4)

Canadian aboriginal 1 (0.3) 0 (0)

Other 10 (2.8) 4 (4.3)

Parity

0 168 (47.2) 49 (52.1) 0.603

1 130 (36.5) 33 (35.1)

≥ 2 58 (16.3) 12 (12.8)

Marital status

Married 139 (39.0) 36 (38.3) 0.802

Common law 197 (55.3) 51 (54.3)

Other 20 (5.6) 7 (7.4)

Education

Some college 45 (12.7) 13 (14.0) 0.916

College 103 (29.1) 26 (28.0)

Undergraduate 139 (39.3) 34 (36.6)

Graduate 67 (18.9) 20 (21.5)

Household income

< $60 000 109 (31.9) 28 (33.1) 0.683

$60–$100 000 121 (35.4) 36 (40.0)

≥ $100 000 112 (32.7) 26 (28.9)

Working status

Unemployed 244 (68.4) 70 (74.5) 0.707

Part-time 39 (10.7) 8 (8.5)

Full-time 58 (16.7) 12 (12.8)

Not in labour force 15 (4.2) 4 (4.3)

Presence of vaginal infection

Yes 17 (4.8) 6 (6.5) 0.518

No 338 (95.2) 87 (93.5)

Pre-pregnancy body mass index (kg/m2)

< 18.5 21 (6.1) 6 (6.6) 0.141

18.5–24.9 224 (65.1) 53 (58.2)

25.0–29.9 56 (16.3) 12 (13.2)

≥ 30 43 (12.5) 20 (22.0)

Smoking history

Never 168 (47.2) 49 (52.1) 0.603

Stopped at pregnancy 130 (36.5) 33 (35.1)

Current smoker 58 (16.3) 12 (12.8)

Total 356 (79.1) 94 (20.9) –

Distributions are compared by Pearson chi-square test.
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increased risk of early but not late spontaneous preterm

birth compared with a CST with low diversity and non-

dominance of Lactobacillus species.

Strengths
Previous studies on the association between vaginal micro-

biome and risk of preterm birth had smaller sample sizes

(n < 34)2,8–11 than our study (n = 94). Therefore, one of

the strengths of our study is the higher power for detection

of differences compared with previous studies.

Limitations
The V1-V38,9 region of the bacterial 16S rRNA versus V4 is

commonly used to assess Lactobacillus community compo-

sition but some previous studies2,25 have used similar

regions for vaginal microbiome analyses. The V4 variable

region of the 16S rRNA gene provides strong discrimina-

tion between most bacterial species.26 However, additional

computational methods such as oligotyping27 may be

needed to precisely identify certain species, such as

L. crispatus, as performed in our study. Selection of the V4

region of 16SrRNA may limit the comparability of our

results to studies using other regions.

Microbial–host interactions, use of antibiotics, proges-

terone and probiotics were not considered in the associa-

tion between vaginal microbiome and preterm birth,9

which are limiting factors.

Interpretation
Lack of association between Nugent score and vaginal

microbiome composition in our study is surprising but has

previously been reported.28 Various factors can contribute

to this discrepancy in findings, for example, different meth-

ods of Gram staining may result in different Nugent score

inter-rater reliability29 and low abundance of bacteria that

are better represented by sequencing than Nugent score.30

Figure 2. The microbial diversity (Shannon diversity index; SDI) between different community state types (CSTs). The SDI was significantly different

between CSTs (F = 44.26, P < 0.0001). CST IV was significantly more diverse compared with all other CSTs (P < 0.05). Boxplots with different

superscripts represent statistical significance (P < 0.05). The sample sizes within CST groups were as follows: n = 160 (CST I), n = 32 (CST II), n = 113

(CST III), n = 46 (CST IV), n = 32 (CST V) and n = 67 (CST VI), respectively.

Figure 1. Heat map of the relative abundance of the 25 most abundant oligotypes, based on the MED algorithm, in the vaginal communities of 450

women sampled early in pregnancy. Clustering on the abundance profiles of samples using the partitioning around the medoids algorithm identified

six community state types (CSTs). CSTs I, II, III and V were characterised by dominant Lactobacillus species: Lactobacillus crispatus/Lactobacillus

acidophilus, Lactobacillus gasseri/Lactobacillus johnsonii, Lactobacillus iners/Ralstonia solanacearum and Lactobacillus sp. S27, respectively. One CST

with greater diversity and presence of BV-associated bacteria (CST IV); and one CST with lower diversity and nondominance of Lactobacillus species

(CST VI). Pregnancy outcomes are indicated by the bar at the top: early preterm birth (red) <34 weeks of gestation, late preterm birth (yellow) =
34–36 weeks of gestation term delivery (green) ≥37 weeks of gestation. The sample sizes within CST groups are as follows: n = 160 (CST I), n = 32

(CST II), n = 113 (CST III), n = 46 (CST IV), n = 32 (CST V) and n = 67 (CST VI), respectively.
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Previous studies investigating the vaginal microbiome in

term and preterm deliveries have reported inconsistent

results.2,8–11 DiGiulio et al.2 reported a higher risk of pre-

term birth in patients within a CST poor in Lactobacillus

but highly abundant in Gardnerella or Ureaplasma. Simi-

larly, we observed an increased risk of early spontaneous

preterm birth in patients from the CST IV (also highly

abundant in Gardnerella) but only in comparison with the

low-diverse CST (CST VI), which did not have dominance

of Lactobacillus. The study population by DiGiulio et al.

consisted of 63% white and 37% non-white women, which

is relatively similar to our study. In their study,2 vaginal

swabs were collected weekly through pregnancy which is

different from the early pregnancy collection of swabs in

our study but the vaginal microbiome is known to be rela-

tively stable during pregnancy2,31 and mostly dominated by

Lactobacillus.7,32 However, patients with pregnancy compli-

cations, for example, pre-eclampsia33 and fetal growth

retardation,34 are highly associated with preterm prelabour

rupture of membranes, and therefore, nonspontaneous pre-

term births were excluded from our study but were

included in DiGiulio’s study. This discrepancy may account

for different findings between studies.

Recent studies have suggested a protective role of

L. crispatus11,12,35 in the vaginal microbiota on preterm

birth whereas others did not report any differences.9 In our

study, we observed that L. crispatus (99%)/L. acidophilus

(99%) at early gestation may be associated with decreased

risk of spontaneous preterm birth, which is similar to

recent findings from two UK studies11,35 (in predominantly

white populations) and a study consisting of two cohorts

of white and African American women.12 Among other lac-

tobacilli, L. crispatus has the largest genome,36 and poten-

tial bacteriocin and adhesin genes.37 Stafford et al.,35

recently reported a positive association between L. crispatus

and succinate levels. The latter may be protective against

inflammation-associated preterm birth.35 The observed

inverse association between presence of L. gasseri/L. john-

sonii and risk of early preterm birth in our study has been

previously reported by Callahan et al. (in African American

women).12 However, the inverse association between rela-

tive abundance of L. iners (99%)/R. solanacearum (99%)

and risk of early preterm birth is in contrast to previous

studies11,38 which reported a direct association between

L. iners and risk of preterm birth. However, in our study,

the relative abundance of L. iners (99%)/R. solanacearum

(99%) operational taxonomic units is low compared with

other significant operational taxonomic units (see Supple-

mentary material, Figure S4C versus A, B and D). Also,

additional statistical analyses suggest that the inverse associ-

ation between presence of L. gasseri/L. johnsonii and L. in-

ers (99%)/R. solanacearum (99%) is specific to women with

early preterm (<34 weeks) and not preterm (<37 weeks)

birth, whereas, L. crispatus (99%)/L. acidophilus (99%) has

a protective effect on preterm birth when categorised as

both (<34 and <37 weeks) (data not shown). Bifidobac-

terium are mainly abundant in the intestinal tract but are

also detected in the vaginal tract.39 Meta-analyses have not

observed any association between consumption of Bifi-

dobacterium probiotics during pregnancy and gestational

age.40 The observed protective association between Bifi-

dobacterium and early preterm birth is interesting and

requires further research.

Recently, a cross-sectional study from a longitudinal US

cohort of predominantly (69%) African American women

reported a lower level of SDI in preterm delivery and higher

level of intercommunity diversity across pregnancy trime-

sters in women who delivered preterm versus term.10 We

observed significantly higher SDI in CST IV versus other

CSTs and CST IV was associated with 4.2 times the risk of

early spontaneous preterm birth compared with the low-

diversity vaginal CST VI, which is different and not compa-

rable to the stated study. However, in their study,10 no dis-

tinct taxa at any pregnancy trimester was associated with

preterm birth.10 Perhaps lower power due to lower sample

size of women at early pregnancy may have resulted in failure

to observe differences between preterm and term deliveries at

this pregnancy time-point,10 which is an important phase of

pregnancy in terms of the microbial community in associa-

tion with risk of preterm birth.2 Our results are also different

from those of Hyman et al.. In their study, they reported no

correlation between low abundance or absence of Lactobacil-

lus throughout pregnancy and the risk of preterm birth,

despite the lower bacterial diversity observed in preterm

cases in the white subgroup.8 Preterm birth included non-

spontaneous preterm births at <37 weeks of gestation, which

was different from the exclusive spontaneous preterm birth

cases in our study. Our results also differ from a study that

did not report any differences in bacterial taxa relative abun-

dance and vaginal CSTs throughout pregnancy between

women with spontaneous early preterm (<34 weeks) and

term deliveries.9 This study mainly included African Ameri-

cans, which is different from the prominently white Euro-

pean population in our study.

Details of the interpretation of ‘Distribution of vaginal

community state types (CSTs) by ethnicity’ can be found

in the Supplementary material (Appendix S3).

Conclusion

Our results suggest that L. gasseri/L. johnsonii, L. crispatus/

L. acidophilus, L .iners/R. solanacearum and B. longum/

B. breve may be associated with decreased risk of early but

not late spontaneous preterm birth. Additionally, a vaginal

CST with high diversity and presence of BV-associated bac-

teria (G. vaginalis, A. vaginae and Veillonellaceae bacterium)

356 ª 2018 Royal College of Obstetricians and Gynaecologists

Tabatabaei et al.



may be associated with an increased risk of early but not late

spontaneous preterm birth as compared with a CST with

low diversity and nondominance of Lactobacillus species.

Further studies exploring the association between the vaginal

microbiome across pregnancy and risk of spontaneous

preterm birth are recommended while considering the

immunology of the host.
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