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Abstract: Cervical shortening is a recognised risk factor for pre-term birth. The vaginal microbiome
plays an essential role in pregnancy and in maternal and foetal outcomes. We studied the vaginal
microbiome in 68 women with singleton gestation and a cervical length ≤25 mm and in 29 preg-
nant women with a cervix >25 mm in the second or early third trimester. Illumina protocol 16S
Metagenomic Sequencing Library Preparation was used to detail amplified 16SrRNA gene. Statistical
analyses were performed in R environment. Firmicutes was the phylum most represented in all
pregnant women. The mean relative abundance of Proteobacteria and Actinobacteriota was higher
in women with a short cervix. Bacterial abundance was higher in women with a normal length
cervix compared to the group of women with a short cervix. Nonetheless, a significant enrichment in
bacterial taxa poorly represented in vaginal microbiome was observed in the group of women with
a short cervix. Staphylococcus and Pseudomonas, taxa usually found in aerobic vaginitis, were more
common in women with a short cervix compared with the control group, while Lactobacillus iners and
Bifidobacterium were associated with a normal cervical length. Lactobacillus jensenii and Gardenerella
vaginalis were associated with a short cervix.

Keywords: shortened cervix; Lactobacillus; Gardenerella vaginalis; aerobic vaginitis; microbiome; risk
in pregnancy

1. Introduction

Vaginal microbial communities play a significant role in the health of mother and foe-
tus and in the maintenance of a favourable microenvironment during pregnancy [1–3]. The
composition and diversity of vaginal microbiota are modified in pregnancy [4,5]; indeed,
microbiota has proved to be less rich and varied in pregnant women compared to nonpreg-
nant women [6,7]. Diversity of the vaginal microbiome profile also depends on the race
and ethnicity of pregnant [8] and non-pregnant women of reproductive-age [9]. Vaginal
microbiota is dominated by Lactobacillus species in the majority of women and Lactobacillus
spp. is maintained throughout the entire gestation in healthy pregnancies with normal
outcomes [10].

The microbial communities referred to as community state types (CSTs), are clustered
into five groups, of which four are dominated by Lactobacillus [9]. CST-I is dominated by
Lactobacillus crispatus, CST-II by L. gasseri, CST-III by L. iners, CST-V by L. jensenii and CST-IV
is represented by polymicrobial communities that include bacteria and higher proportions
of strictly anaerobic organisms belonging to Gardnerella, Atopobium, Mobiluncus, Megasphoera,
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Prevotella, Streptococcus, Mycoplasma, Ureaplasma, Dialister and Bacteroides genera [11–13].
Several studies have attempted to link vaginal microbiota to preterm birth [1,10,14,15]. The
risk of spontaneous preterm birth is associated with a short cervix [16,17], and a variety of
etiopathogenetic mechanisms may be involved including uterine overdistension [18] and
changes in the cervico-vaginal microbiome, among others [19].

Indeed, it has been demonstrated that Lactobacillus crispatus dominance is protective
against preterm birth [20,21]. In contrast, a significant increase in the richness and diversity
of the vaginal microbial community is considered to be a risk factor for preterm birth [22].

In this study we aimed to describe the vaginal microbial populations across the second
or early third trimester in pregnant women of predominantly Caucasian ethnicity with
and without a short cervix and to compare the composition, diversity and evenness of the
vaginal bacterial communities.

2. Materials and Methods
2.1. Study Design

The study was conducted between 2015 and 2021 at the Department of Obstetrics
and Gynecology of Careggi University Hospital in Florence, Italy. Sixty-eight women
with singleton gestation and a cervical length ≤ 25 mm (cases) and twenty-nine pregnant
women with a cervix > 25 mm (controls) in the second or early third trimester (23–32 weeks’
gestation) were prospectively enrolled. Women with a history of preterm birth, prior
surgery to the cervix, evidence of premature rupture of membranes, symptomatic uterine
contractions, antibiotic treatment or vaginal symptoms consistent with infection at the
time of recruitment were excluded. The presence of a cervical cerclage or pessary, and a
diagnosis of fetal malformation, were also considered within the exclusion criteria.

Ethics approval for this study was granted by the Institutional Ethics Committee (Ref.
no. BIO14.0009-09/07/2014), and all women provided written informed consent. The cases
were referred to the Hospital’s Preterm Birth Clinic by their obstetricians who detected
cervical shortening on a transvaginal ultrasound performed during a routine prenatal visit.
Although not under a specific protocol, in private practice in Italy pregnant women are
often offered cervical length measurement and this can lead to a diagnosis of a short cervix
even after 24 weeks of gestation. Controls were selected among women attending the
Hospital’s Maternity Outpatient Clinic for routine prenatal visits.

2.2. Sample Collection and DNA Extraction

Vaginal secretions were collected by inserting a swab approximately 4 to 5 cm into
the vagina and gently rotating it several times. The swab was then placed in phosphate
buffer saline on ice for 30 min. After swab removal, samples were centrifuged at 8000× g
for 10 min; the pellet was stored immediately at −80 ◦C.

Total DNA was extracted from the pellet using the DNeasy PowerSoil Kit (Qiagen,
Hiledn, Germany) according to the manufacturer’s instructions. DNA quality and integrity
were checked on 1% agarose gel and quantified using the Qubit 4 Fluorometer (Thermo
Fisher Scientific, Waltham, MA, USA) with the 1× dsDNA High Sensitivity kit.

2.3. Library Preparation and Sequencing

For each DNA sample, the bacterial 16S rRNA gene was amplified using a primer
set specific for the V3–V4 hypervariable regions (341f: 5′-CCTACGGGNGGCWGCAG-3′

and 805r: 5′-GACTACNVGGGTWTCTAATCC-3′) [23], provided with overhang Illumina
adapters. Libraries have been prepared following Illumina protocol 16S Metagenomic
Sequencing Library Preparation (Part # 15044223 Rev. B, 2013). Paired end 2 × 300 bp
sequencing was performed on an Illumina MiSeq instrument (Illumina Inc., San Diego, CA,
USA), using MiSeq Reagent Kit v3 (600 cycle), at the Department of Biology, University of
Florence, Italy.
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2.4. Amplicon Sequence Variance Assemblage

Primer pair sequences were removed by using cutadapt version 1.15 [24] in paired-
end mode. If no primer sequence was found, the entire sequence was discarded together
with its pair to reduce possible contamination. The raw sequences were processed using
DADA2 pipeline version 1.26.0 [25] to infer amplicon sequence variants (ASVs). The
“filterAndTrim” function was performed to filter low quality sequences with a maximum
number of expected error thresholds of 2 for forward and reverse read pairs. The error rate
estimation using the “learnErrors” function and denoising using the “dada” function with
default parameters were performed. Denoised reads were merged using the “mergePairs”
function, discarding those with any mismatches and/or an overlap length shorter than
12bp. Chimeric sequences were removed using the “removeBimeraDenovo” function
and taxonomic classification was produced by using DECIPHER package version 2.14.0
against the pre-formatted Silva small-subunit reference database [26] SSU version 138
available at: http://www2.decipher.codes/Downloads.html (accessed on 2 March 2023).
All sequence variants not assigned to bacteria (unknown) or assigned to chloroplasts
and mitochondria sequences were removed from the dataset to properly perform the
downstream statistical analyses.

2.5. 16 S Metabarcoding Statistical Analysis

Statistical analyses were performed in R environment version 4.1.2 (R Core Team,
2021). Mean relative abundance was calculated by using the “microbiomeutilities” package
version 1.0.16 [27]. Differences in bacterial diversity (beta diversity analysis) were inspected
using the “vegan” package version 2.6.2 [28]. In detail, sample distribution was displayed
by Non-metric multidimensional scaling (NMDS) using the “metaMDS” function of the
“vegan” package version 2.6.2 performed on distance matrices based on the Bray–Curtis
dissimilarity index. Before multidimensional analysis, counts present less than 1 time
within the sample dataset were removed, then all counts were transformed using relative
abundance transformation to reduce coverage bias among samples. Permutational multi-
variate analysis of variance using distance matrices (adonis permanova) was performed to
inspect differences between sample groups by using the “adonis2” function of the “vegan”
package version 2.6.2. Adonis permanova was tested on multiple-factor formula which
included the variables Group, Gestational diabetes, Cervicometry group, Preterm delivery
and Progesterone therapy. Adonis permanova was carried out using 1000 numbers of
permutations. Group refers to group division based on cervix length ≤ 25 or >25 mm,
while Cervicometry group refers to the groups produced after the division based on three
cervix lengths, that is 0–10, 11–24 and ≥25 mm. Alpha diversity measures (Observed and
Shannon index) were produced by the “estimate_richness” function from phyloseq package
version 1.42 [29] while Evennes was defined as the Shannon diversity index/log(observed
richness) [30]. Significant effects were inspected using the pairwise Wilcoxon test by using
the “wilcox_test” function from the “rstatix” package version 0.7.0, adjusting resulting
p-values with the Benjamini–Hochberg correction method [31]. Correlation between alpha
metrics and cervix length was produced by the “stat_cor” function of the “ggpubr” package
version 0.4.0 [32].

To detect statistically significant taxonomic features we performed a linear discrim-
inant analysis effect size (LEfSe) test after counts per million (CPM) transformation [33].
LEfSe was conducted by using Galaxy implementation (https://huttenhower.sph.harvard.
edu/galaxy/ accessed on 2 March 2023), setting the Group variable as class and samples
as subject. Alpha value 0.05 was considered for both the factorial Kruskal–Wallis test
among classes and for the pairwise Wilcoxon test between subclasses. One-against-all as a
strategy for multi-class analysis was conducted, and 2 was set as the logarithmic LDA score
threshold for discriminative features. Differential abundance analysis was performed using
the Wald test (p-value from Wald test adjusted for multiple testing using the Benjamini and
Hochberg method) implemented in the DESeq2 package version 1.38.3 [34]. Before the Wald
test, the singletons were removed to dampen the hypothesis that extremely rare species
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could be considered major drivers of differences in groups. The size factor estimation was
computed using the “postcount” method to estimate ASVs geometric means in the presence
of zeros by the “estimateSizeFactors” function of the “DESeq2” package. Sequence variants’
dispersion was fitted using local regression by the “estimateDispersions” function with
the “local” fitting method of the “DESeq2” package. Figures were produced using the
“ggplot2” package version 3.4.1 [35] and edited using open-source graphics editor Inkscape
(http://inkscape.org/ accessed on 6 March 2023).

3. Results
3.1. Population Characteristics

The demographic and clinical characteristics of the enrolled patients are summarised
in Table 1. Most patients (98%) were of Caucasian ethnicity. The mean gestational age
at sampling was 28.4 weeks, and did not differ between cases and controls (Table 1).
The mean cervical length was 15 mm in the case group and 32 mm in the control group.
Supplementary clinical information were also considered; in particular, the selected subjects
did not present differences in the weight of the new-born children (Kruskal–Wallis test,
p = 0.77). Moreover, subjects who were undergoing probiotic therapy did not present
differences in cervix length (Anova, p = 0.32).

Table 1. Patients’ demographic and clinical characteristics.

All Women Cases with Cervical
Length ≤ 25 mm

Controls with Cervical
Length > 25 mm p-Value

Number of enrolled
pregnant women 97 68 29 /

Ethnicity n (%)
Caucasian

Asian
North-African

95 (98%)
1 (1%)
1 (1%)

66 (97%)
1 (1.4%)
1(1.4%)

29 (100%)
0
0

/

Body mass index
mean ± SD 23.6 ± 5.4 23.0 ± 4.97 24.9 ± 6.1 0.16

Smoking * n/nTot (%) 8/91 (8.8%) 7/68 (10.3%) 1/23 (4.3%) 0.67

Age at sampling (years)
mean ± SD 33.8 ± 6.4 33.7 ± 6.4 34.0 ± 6.4 0.993

Gestational age at
sampling (weeks)

mean ± SD
28.4 ± 2.6 28.2 ± 2.5 28.6 ± 3.0 0.775

Length of the cervix at
sampling (mm)

mean ± SD
20.0 ± 9.5 15.1 ± 5.8 31.6 ± 5.7 <0.001 ***

Gestational diabetes mellitus
n (%) 27 (27.8%) 17 (25%) 10 (14.7%) 0.352

Gestational age at
delivery (weeks)

mean ± SD
37.6 ± 2.9 37.5 ± 2.7 37.6 ± 3.3 0.145

Demographic and clinical information on the enrolled patients was reported with p-value after a group comparison
Fisher’s Exact test was performed for smoking frequency comparison, a Kruskal–Wallis test was performed for
body mass index comparison and an Anova test was performed for all other comparisons. * Missing data for
6 subjects. *** p-value < 0.001.

3.2. Vaginal Microbial Community Composition and Diversity

A DADA2 pipeline produced a total of 5,138,086 reads clustered in a total of 742 differ-
ent ASVs inferred from 16S metabarcoding sequencing. After quality filtering (removal of
unknown, chloroplasts and mitochondria sequences) a total of 5,091,464 reads clustered in
476 different bacterial sequence variants were obtained. The dataset was widely represented

http://inkscape.org/
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by the taxa belonging to the phylum Firmicutes with a mean relative abundance of 87%
(Table S2 and Figure 1b). Taxa belonging to the phylum Actinobacteriota and Proteobacteria
were also represented with mean relative abundance of 12% and 1.1% respectively (Table S2
and Figure 1b). Phyla with mean relative abundance lower than 1% of the entire abundance
within the dataset were also highlighted (Table S2).
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coloured points while white-filled points represent centroids. (b) Barplot showing the Phylum-level 

Figure 1. Bacterial diversity among groups with different cervix length. (a) Non-metric multidimen-
sional scaling (NMDS) analysis based on Bray–Curtis distance showing the distribution of samples
with a short cervix length and controls (Group). Samples are represented using solid-coloured points
while white-filled points represent centroids. (b) Barplot showing the Phylum-level mean relative
abundance. The mean relative abundance measure reports the taxa present in more than 10% of
samples within the dataset. (c) Barplot reporting the alpha diversity measures represented by total
number of ASVs (Observed), Shannon index and Evenness (y-axis) among groups with and without
short cervix (control group). Asterisks are shown above the barplot to indicate a significant effect after
Kruskal–Wallis test comparison (**, p-value < 0.01). (d) Scatterplot showing the correlation between
alpha diversity measures (Observed, Shannon index and Evenness) on y-axis and cervical length
(Cervicometry) expressed in mm on x-axis. The shaded grey region around the linear regression
line represents 95% confidence intervals. Results from linear regression analysis calculated using
Spearman’s correlation method are reported inside the regression panels. Samples and sample groups
in each panel were depicted according to the colour pattern in the legend.
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Non-metric multidimensional scaling (NMDS) analysis based on Bray–Curtis dis-
tance among samples with different cervix length were performed. Ordination analysis
showed substantial overlap among sample groups (Group in Figure 1a). This evidence
was confirmed by the permutational multivariate analysis of variance based on the Bray–
Curtis distance matrix (adonis permanova) which does not show a significant effect of the
cervix length variable (Group in Table S1) or of the other factors included in the model
formula (Table S1). Thus, no factors tested influence bacterial diversity (referred as beta
diversity). The alpha diversity analysis showed no significant differences in the Shannon
index and Evenness diversity measures between sample groups with different cervix length
(Kruskal–Wallis; Shannon index, p = 0.73 and Evenness, p = 0.18) (Figure 1c), but a sig-
nificant difference in the total number of ASVs was depicted (Kruskal–Wallis; Observed,
p < 0.01) (Figure 1c). In particular, control subjects showed a significantly higher number of
ASVs than subjects with short cervix length (Figure 1c). Correlation analysis between alpha
diversity measures and cervix length were also tested. Significant positive correlation be-
tween the total number of ASVs and cervix length was highlighted, thus demonstrating an
increase in bacterial abundance as the length of the cervix increases (Figure 1d). An overall
negative correlation among diversity measures (Shannon index and Evenness) and cervix
length was observed. In detail, no significant correlation was obtained for the Shannon
index but a significant result was observed for the evenness index (Figure 1d), highlighting
a progressive decrease in bacterial homogeneity as the length of the cervix increases.

3.3. Bacterial Biomarkers

Linear discriminant analysis effect size (LEfSe) testing detected 28 different taxonomic
features significantly related to the group with a short cervix length and the control group
(Figure 2a). Five genus-level taxonomic features were significantly associated with groups
with a short cervix length; in detail the genera Staphylococcus, Pseudomonas, Brevundimonas,
Pseudoxanthomonas, Tabrizicola were depicted (Figure 2a). Therefore, the genera Paracoc-
cus, Porphyromonas and Mobiluncus were significantly highlighted in the control group
(Figure 2a). In order to deepen the taxonomic characterisation between the two groups,
a ASV-level differential expression analysis approach was taken. Therefore, to detect the
bacterial ASVs which significantly change within the two sample categories (Groups) we
performed a Wald test implemented in the DESeq2 package. The Wald test detected 4 ASVs
differentially enriched among the short cervix group and control group. Significant ASVs
corresponded to 0.85% of the total number of ASVs within the dataset and accounted for
3.75% of the entire ASVs abundance (mean in each sample 7.12% and standard error 2.11%).
The differences between groups with different cervical length showed that ASV_10 and
ASV_12, assigned to genera Bifidobacterium and Lactobacillus, respectively, were significantly
enriched in the control group, while ASV_8 and ASV_15, assigned to the genera Lacto-
bacillus and Gardnerella, respectively, were associated with the short cervix length group
(Figure 2b). The ratio between the ASVs base 2 logarithm of normalised counts across
all samples on the base 2 logarithm of fold-change highlighted for the ASVs tested using
DESeq2 was depicted in Figure 2c.

Since ASV_12 and ASV_8 were both assigned to the genus Lactobacillus, we performed
the alignment of the nucleotide sequence of the related ASVs with nucleotide BLAST,
and thus we identified the following taxonomic species, Lactobacillus jensenii (ASV_8) and
Lactobacillus iners (ASV_12), sorted on the basis of the best similarity score (nucleotide
sequences were reported in Table S4 and alignment output was reported in Table S3). The
first best result obtained from BLAST alignment provided an identity score > 99%, for each
sequence aligned (Table S3).
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Figure 2. Significant bacterial features among groups with different cervix length. (a) Linear dis-
criminant analysis effect size (LEfSe) showing the significant taxonomic features between short
cervix length and control groups at different taxonomic levels. Linear Discriminant Analysis scores
(LDA score) are reported on x-axis (LDA threshold > 2) while taxa at different taxonomy levels are
reported on y-axis. (b) Variance stabilizing transformation (VST) abundance after DESeq postcount
transformation depicted for the four significant ASV obtained after Wald test. On the bottom chart
the ASV taxonomic assignment was also reported and the abundance was reported for the group
with a short cervix length and the control group according to the colour pattern in the legend. (c) MA
plot reports the base 2 logarithm of normalised counts across all samples vs. the base 2 logarithm
of fold-change (Log2FC). ASVs with fdr <0.05 are depicted using the cervix length group’s colour
pattern while the others are reported in light grey.

4. Discussion

The cervix plays an essential role in pregnancy, protecting the developing foetus
and preventing infection ascending from the vaginal canal to the uterine cavity. Indeed,
infection and local inflammation in the cervix may compromise cervical integrity and result
in premature remodelling, predisposing to spontaneous preterm birth [36]. Cervicovaginal
microbiota play a key role in pregnancy outcome. A vaginal microbiota not dominated by
Lactobacillus species affects the physiological wellbeing of the cervix and increases the risk
of ascendent infections and spontaneous preterm birth [10,22,37].

In our study, pregnant women with and without cervical shortening were enrolled and
their vaginal fluid was analysed. Some of the women enrolled were treated with vaginal
progesterone for its anti-inflammatory and pro-relaxant activity in the uterus [38]. This
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treatment, however, has been repeatedly shown not to affect the composition of vaginal
microbiota [20].

According to previously reported data, Firmicutes was the phylum most represented in
the two groups [21]. Increased mean relative abundance in Proteobacteria and Actinobacteri-
ota, however, was evident in the group of women with a short cervix. Other factors such as
diabetes mellitus and progesterone vaginal therapy did not affect bacterial diversity either.

Women with a normal cervical length showed a higher number of ASVs compared
to women with a shorter cervical length, suggesting that the overall amount of bacterial
microbiota is affected by pathological conditions that lead to cervical shortness. Agreeing
with data reported in the literature [37], the Evenness index and cervical length were
negatively correlated, suggesting an increase in bacterial diversity as the length of the
cervix decreases.

Significant enrichment in bacterial taxa were revealed by LEfSE analysis in pregnant
women with a short cervix compared to controls. In particular, we observed significant
enrichment in proteobacteria, a phylum including a high number of pathobionts, in women
with a short cervical length. At genus level, a significant enrichment in Staphylococcus and
Pseudomonas genera was observed in the vaginal microbiota of women with a short cervix.
These genera include many proinflammatory bacterial species that are usually found in
aerobic vaginitis, [39]. Moreover, Brevundimonas, a genus of non-fermenting Gram-negative
bacteria that has recently been considered to be an emerging opportunistic pathogen [40],
was also significantly enriched in women with a short cervix.

Aerobic vaginitis is a vaginal condition, distinct from bacterial vaginosis, which is
characterised by extreme inflammatory changes and desquamative vaginitis [41]. It is
associated with increased risk for preterm delivery [42] and, recently, the pathogenic
properties of bacterial taxa associated with aerobic vaginitis have been described in women
with recurrent spontaneous abortions [43]. Pseudomonas species, moreover, have also been
associated with recurrent miscarriages [44].

Thus, the enrichment in Staphylococcus and Pseudomonas genera observed in the vaginal
microbiota of women with a short cervix may have clinical relevance in the risk assessment
for a short cervix and pre-term birth [21,45].

The Wald test (implemented in the DESeq2 package), identified 4 ASVs differentially
enriched in the two groups of pregnant women and the alignment of the nucleotide
sequence of enriched ASVs with nucleotide BLAST revealed that Lactobacillus jensenii and
Gardnerella vaginalis were associated with pregnant women with a short cervix length.

Lactobacillus iners and Bifidobacterium were associated with a normal cervical length.
The data on the association of Gardnerella species with a short cervix are in agreement
with the data reported by Witkins SS [21,46]. Gardnerella vaginalis is a bacterial species
which is usually dominant in bacterial vaginosis. Selected strains of Gardnerella vaginalis
produce a huge amount of sialidase, an enzyme that digests the mucus protection of
vaginal epithelium allowing bacteria to adhere to epithelial cells following displacement
of lactobacilli. Gardnerella vaginalis is also the bacterial species involved in the biofilm
formation that allows the enrichment of aerobic and anaerobic species in the vaginal
microenvironment [13].

The differential expression of Lactobacillus jensenii in women with a short cervix was
not expected. Lactobacillus jensenii is a Lactobacillus species dominant in the vaginal mi-
crobiota of 5% of women in reproductive age [9]. This Lactobacillus species was reported
as being equally protective as Lactobacillus crispatus against infections with pathogenic
bacteria, particularly for its high production of D-lactic acid [47]. Lactobacillus jensenii also
induces high production of IFN-gamma and IL-10 by cells of the immune system [48]
and contributes to balancing immune reactions against invading pathogens. Our data,
however, confirm the microbial signatures published by Pausan et al., 2020, that associate
Lactobacillus jensenii, Lactobacillus gasseri, Ureaplasma sp. and Gardnerella sp. with a short
cervix length, PTB and/or preterm contractions [49].
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Further investigations are needed to understand the role of Lactobacillus jensenii in
events leading to cervical shortening.

The protective mechanisms associated with Lactobacillus spp. have been widely de-
scribed in the literature [50]. Lactobacillus spp. predominates in low pH environments;
vaginal acidity prevents colonization by anaerobes, maintains the cervical epithelial barrier
through production of bacteriocins, and acts against mucin degradation, keeping away
opportunistic infections. In addition to lactic acid, other substances such as hydrogen per-
oxide are produced by lactobacilli in the vaginal microenvironment to inhibit the growth
of potential pathogens [51]. Additionally, Bifidobacteria have health-promoting effects in
the vaginal environment and a probiotic potential; they promote immune modulation,
production of bacteriocins and inhibition of pathogens [6], and have a beneficial effect on
the vaginal environment. In our study, Bifidobacterium was highly represented in pregnant
women with a normal cervical length (>25 mm), suggesting a possible role in the control of
harmful bacterial species. Furthermore, Lactobacillus iners was also observed to be enriched
in the group of women with a normal cervical length in our study, thus further defining
the association and the possible role of lactobacilli in the vaginal microbiota. A significant
positive association was found between Lactobacillus iners and the occurrence of sponta-
neous preterm birth in a cohort of predominantly Caucasian and Asian women with a
short cervix [20] as well as in women of Caucasian ethnicity with an extremely short cervix
(<10 mm) [21]. However, an exploratory study of associations with spontaneous preterm
birth in pregnant women with a normal cervical length [52] demonstrated that Lactobacil-
lus iners, which is a dominant species in the vaginal microbiota, was associated with an
increased occurrence of spontaneous preterm birth, regardless of cervix length. Therefore,
increasing the number of pregnant women to be enrolled in microbiome evaluation studies
is essential to clarify the role of Lactobacillus iners as a marker of cervical shortening.

Our results further define the contribution of vaginal microbiota in pregnant women
with a short cervical length. We have highlighted how the total abundance of taxonomic
variants is correlated with cervical length and we have also described the presence of
taxonomic variants associated with a short cervix; therefore it is not unexpected that these
may play a role within the vaginal microbial ecology. Some of the identified communities
were in agreement with the results of previous studies, while others were described for the
first time as markers of association with cervical length, or were unconfirmed as markers
of association with cervical length. Therefore, further studies are needed to determine
whether the microbial signature reported in the present study is confirmed in a larger
cohort of women. Overall, our data highlight an association between cervical length and
vaginal bacterial communities, and this further defines the importance of studying the
vaginal microbiota to understand the associated clinical conditions.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/nu15092173/s1, Table S1: Results from permutational
multivariate analysis of variance (adonis permanova) based on Bray-Curtis distance matrix. Table S2:
Phylum-level abundance summary. Table S3: Results form nucleotide BLAST alignment. Table S4:
DNA sequences aligned by using nucleotide BLAST. Table S5: Results from DESeq analysis.

Author Contributions: Conceptualization M.D.T., D.C., methodology M.D.T., V.S. and D.C., formal
analysis N.M., A.S., investigation N.M., A.S. and S.R., data curation A.S., N.M., original draft prepa-
ration A.S., N.M. and S.R.; Writing—Review & Editing, M.G.T., V.S., M.D.T. and D.C.; visualisation
M.G.T., V.S., M.D.T. and D.C., supervision M.D.T., D.C., funding acquisition M.D.T. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding and the APC was funded by University of
Florence, Italy (RICATEN to Mariarosaria Di Tommaso).

Institutional Review Board Statement: The study was con-ducted in accordance with the Declara-
tion of Helsinki, and approved by the Ethics Committee of Comitato Etico Area Vasta Centro (Ref. no.
BIO14.0009- 09/07/2014).

https://www.mdpi.com/article/10.3390/nu15092173/s1


Nutrients 2023, 15, 2173 10 of 12

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The 16S rRNA raw sequences have been deposited to the European
Nucleotide Archive (ENA) under the accession code PRJEB60394. All results from statistical analyses
were mentioned by writing in the main text, reported as figures or tables in the main text and
supplementary materials.

Acknowledgments: All authors thank the research reported in this publication was supported by
Fondazione CRF Firenze Grant number B15F21003630007.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Fettweis, J.M.; Serrano, M.G.; Brooks, J.P.; Edwards, D.J.; Girerd, P.H.; Parikh, H.I.; Huang, B.; Arodz, T.J.; Edupuganti, L.;

Glascock, A.L.; et al. The Vaginal Microbiome and Preterm Birth. Nat. Med. 2019, 25, 1012–1021. [CrossRef] [PubMed]
2. Gupta, P.; Singh, M.P.; Goyal, K. Diversity of Vaginal Microbiome in Pregnancy: Deciphering the Obscurity. Front. Public Health

2020, 8, 326. [CrossRef] [PubMed]
3. Lawlor, M.L.; Goldkamp, J.M.; Boerrigter, A.; Jakes, C.; Pyon, R.; Vricella, L.K.; Gross, G.A.; Aurora, R. Cervicovaginal Microbiome

in Twin vs Singleton Gestations. Am. J. Obstet. Gynecol. MFM 2022, 4, 100579. [CrossRef]
4. Romero, R.; Hassan, S.S.; Gajer, P.; Tarca, A.L.; Fadrosh, D.W.; Nikita, L.; Galuppi, M.; Lamont, R.F.; Chaemsaithong, P.;

Miranda, J.; et al. Correction to: The Composition and Stability of the Vaginal Microbiota of Normal Pregnant Women Is Different
from That of Non-Pregnant Women. Microbiome 2014, 2, 10. [CrossRef] [PubMed]

5. Walther-António, M.R.S.; Jeraldo, P.; Berg Miller, M.E.; Yeoman, C.J.; Nelson, K.E.; Wilson, B.A.; White, B.A.; Chia, N.; Creedon, D.J.
Pregnancy’s Stronghold on the Vaginal Microbiome. PLoS ONE 2014, 9, e98514. [CrossRef] [PubMed]

6. Freitas, A.C.; Chaban, B.; Bocking, A.; Rocco, M.; Yang, S.; Hill, J.E.; Money, D.M.; Hemmingsen, S.; Reid, G.; Dumonceaux, T.;
et al. The Vaginal Microbiome of Pregnant Women Is Less Rich and Diverse, with Lower Prevalence of Mollicutes, Compared to
Non-Pregnant Women. Sci. Rep. 2017, 7, 9212. [CrossRef]

7. Aagaard, K.; Riehle, K.; Ma, J.; Segata, N.; Mistretta, T.A.; Coarfa, C.; Raza, S.; Rosenbaum, S.; van den Veyver, I.;
Milosavljevic, A.; et al. A Metagenomic Approach to Characterization of the Vaginal Microbiome Signature in Pregnancy. PLoS
ONE 2012, 7, e36466. [CrossRef] [PubMed]

8. Serrano, M.G.; Parikh, H.I.; Brooks, J.P.; Edwards, D.J.; Tom, J.; Edupuganti, L.; Huang, B.; Girerd, P.H.; Bokhari, Y.A.; Bradley, S.P.;
et al. Racioethnic diversity in the dynamics of the vaginal microbiome during pregnancy. Nat. Med. 2019, 25, 1001–1011. [CrossRef]
[PubMed]

9. Ravel, J.; Gajer, P.; Abdo, Z.; Schneider, G.M.; Koenig, S.S.K.; McCulle, S.L.; Karlebach, S.; Gorle, R.; Russell, J.; Tacket, C.O.; et al.
Vaginal Microbiome of Reproductive-Age Women. Proc. Natl. Acad. Sci. USA 2011, 108, 4680–4687. [CrossRef]

10. DiGiulio, D.B.; Callahan, B.J.; McMurdie, P.J.; Costello, E.K.; Lyell, D.J.; Robaczewska, A.; Sun, C.L.; Goltsman, D.S.A.; Wong, R.J.;
Shawa, G.; et al. Temporal and Spatial Variation of the Human Microbiota during Pregnancy. Proc. Natl. Acad. Sci. USA 2015, 112,
11060–11065. [CrossRef]

11. Ocaña, V.S.; Elena, B.; De Holgado, A.A.P.R.; Nader-Macias, M.E. Surface Characteristics of Lactobacilli Isolated from Human
Vagina. J. Gen. Appl. Microbiol. 1999, 45, 203–212. [CrossRef] [PubMed]

12. Anahtar, M.N.; Byrne, E.H.; Doherty, K.E.; Bowman, B.A.; Yamamoto, H.S.; Soumillon, M.; Padavattan, N.; Ismail, N.; Moodley, A.;
Sabatini, M.E.; et al. Cervicovaginal Bacteria Are a Major Modulator of Host Inflammatory Responses in the Female Genital Tract.
Immunity 2015, 42, 965–976. [CrossRef] [PubMed]

13. Torcia, M.G. Interplay among Vaginal Microbiome, Immune Response and Sexually Transmitted Viral Infections. Int. J. Mol. Sci.
2019, 20, 266. [CrossRef] [PubMed]

14. Hyman, R.W.; Fukushima, M.; Jiang, H.; Fung, E.; Rand, L.; Johnson, B.; Vo, K.C.; Caughey, A.B.; Hilton, J.F.; Davis, R.W.; et al.
Diversity of the Vaginal Microbiome Correlates with Preterm Birth. Reprod. Sci. 2014, 21, 32–40. [CrossRef]

15. Callahan, B.J.; DiGiulio, D.B.; Aliaga Goltsman, D.S.; Sun, C.L.; Costello, E.K.; Jeganathan, P.; Biggio, J.R.; Wong, R.J.; Druzin, M.L.;
Shaw, G.M.; et al. Replication and Refinement of a Vaginal Microbial Signature of Preterm Birth in Two Racially Distinct Cohorts
of US Women. Proc. Natl. Acad. Sci. USA 2017, 114, 9966–9971. [CrossRef]

16. Iams, J.D.; Goldenberg, R.L.; Meis, P.J.; Mercer, B.M.; Moawad, A.; Das, A.; Thom, E.; McNellis, D.; Copper, R.L.; Johnson, F.;
et al. The Length of the Cervix and the Risk of Spontaneous Premature Delivery. National Institute of Child Health and Human
Development Maternal Fetal Medicine Unit Network. N. Engl. J. Med. 1996, 334, 567–572. [CrossRef] [PubMed]

17. Di Tommaso, M.; Berghella, V. Cervical Length for the Prediction and Prevention of Preterm Birth. Expert Rev. Obstet. Gynecol.
2013, 8, 345–355. [CrossRef]

18. Waldorf, K.M.A.; Singh, N.; Mohan, A.R.; Young, R.C.; Ngo, L.; Das, A.; Tsai, J.; Bansal, A.; Paolella, L.; Herbert, B.R.; et al. Uterine
Overdistention Induces Preterm Labor Mediated by Inflammation: Observations in Pregnant Women and Nonhuman Primates.
Am. J. Obstet. Gynecol. 2015, 213, 830.e1–830.e19. [CrossRef]

https://doi.org/10.1038/s41591-019-0450-2
https://www.ncbi.nlm.nih.gov/pubmed/31142849
https://doi.org/10.3389/fpubh.2020.00326
https://www.ncbi.nlm.nih.gov/pubmed/32793540
https://doi.org/10.1016/j.ajogmf.2022.100579
https://doi.org/10.1186/2049-2618-2-10
https://www.ncbi.nlm.nih.gov/pubmed/24735933
https://doi.org/10.1371/journal.pone.0098514
https://www.ncbi.nlm.nih.gov/pubmed/24896831
https://doi.org/10.1038/s41598-017-07790-9
https://doi.org/10.1371/journal.pone.0036466
https://www.ncbi.nlm.nih.gov/pubmed/22719832
https://doi.org/10.1038/s41591-019-0465-8
https://www.ncbi.nlm.nih.gov/pubmed/31142850
https://doi.org/10.1073/pnas.1002611107
https://doi.org/10.1073/pnas.1502875112
https://doi.org/10.2323/jgam.45.203
https://www.ncbi.nlm.nih.gov/pubmed/12501362
https://doi.org/10.1016/j.immuni.2015.04.019
https://www.ncbi.nlm.nih.gov/pubmed/25992865
https://doi.org/10.3390/ijms20020266
https://www.ncbi.nlm.nih.gov/pubmed/30641869
https://doi.org/10.1177/1933719113488838
https://doi.org/10.1073/pnas.1705899114
https://doi.org/10.1056/NEJM199602293340904
https://www.ncbi.nlm.nih.gov/pubmed/8569824
https://doi.org/10.1586/17474108.2013.811932
https://doi.org/10.1016/j.ajog.2015.08.028


Nutrients 2023, 15, 2173 11 of 12

19. Gerson, K.D.; McCarthy, C.; Elovitz, M.A.; Ravel, J.; Sammel, M.D.; Burris, H.H. Cervicovaginal Microbial Communities Deficient
in Lactobacillus Species Are Associated with Second Trimester Short Cervix. Am. J. Obstet. Gynecol. 2020, 222, 491.e1–491.e8.
[CrossRef]

20. Kindinger, L.M.; Bennett, P.R.; Lee, Y.S.; Marchesi, J.R.; Smith, A.; Cacciatore, S.; Holmes, E.; Nicholson, J.K.; Teoh, T.G.;
MacIntyre, D.A. The Interaction between Vaginal Microbiota, Cervical Length, and Vaginal Progesterone Treatment for Preterm
Birth Risk. Microbiome 2017, 5, 6. [CrossRef]

21. Di Paola, M.; Seravalli, V.; Paccosi, S.; Linari, C.; Parenti, A.; De Filippo, C.; Tanturli, M.; Vitali, F.; Torcia, M.G.; Di Tommaso, M.
Identification of Vaginal Microbial Communities Associated with Extreme Cervical Shortening in Pregnant Women. J. Clin. Med.
2020, 9, 3621. [CrossRef]

22. Stout, M.J.; Zhou, Y.; Wylie, K.M.; Tarr, P.I.; Macones, G.A.; Tuuli, M.G. Early Pregnancy Vaginal Microbiome Trends and Preterm
Birth. Am. J. Obstet. Gynecol. 2017, 217, 356.e1–356.e18. [CrossRef] [PubMed]

23. Takahashi, S.; Tomita, J.; Nishioka, K.; Hisada, T.; Nishijima, M. Development of a Prokaryotic Universal Primer for Simultaneous
Analysis of Bacteria and Archaea Using Next-Generation Sequencing. PLoS ONE 2014, 9, e105592. [CrossRef] [PubMed]

24. Peraçoli, J.C.; De Carvalho, R.; Sérgio, C.; De Almeida, H.; Costa, M.; Gustavo, L.; Francisco, D.O.; Pereira, L.; Henri, D.S.
Pre-Eclampsia/Eclampsia. Rev. Bras. Ginecol. Obstet. 2019, 41, 318–332. [CrossRef]

25. Callahan, B.J.; McMurdie, P.J.; Rosen, M.J.; Han, A.W.; Johnson, A.J.A.; Holmes, S.P. DADA2: High-Resolution Sample Inference
from Illumina Amplicon Data. Nat. Methods 2016, 13, 581–583. [CrossRef] [PubMed]

26. Quast, C.; Pruesse, E.; Yilmaz, P.; Gerken, J.; Schweer, T.; Yarza, P.; Peplies, J.; Glöckner, F.O. The SILVA Ribosomal RNA Gene
Database Project: Improved Data Processing and Web-Based Tools. Nucleic Acids Res. 2013, 41, 590–596. [CrossRef]

27. Shetty, S.A.; Lahti, L. Microbiomeutilities: Utilities for Microbiome Analytics. R Package Version 1.00.16. 2022.
28. Oksanen, J.; Simpson, G.L.; Blanchet, F.G.; Solymos, P.; Stevens, M.H.H.; Szoecs, E.; Wagner, H.; Barbour, M.; Bedward, M.;

Bolker, B.; et al. Vegan: Community Ecology Package. 2022. Available online: https://CRAN.R-project.org/package=vegan
(accessed on 15 September 2022).

29. McMurdie, P.J.; Holmes, S. Phyloseq: An R Package for Reproducible Interactive Analysis and Graphics of Microbiome Census
Data. PLoS ONE 2013, 8, e61217. [CrossRef]

30. Vandeputte, D.; De Commer, L.; Tito, R.Y.; Kathagen, G.; Sabino, J.; Vermeire, S.; Faust, K.; Raes, J. Temporal Variability in
Quantitative Human Gut Microbiome Profiles and Implications for Clinical Research. Nat. Commun. 2021, 12, 6740. [CrossRef]

31. Kassambara, A. Rstatix: Pipe-Friendly Framework for Basic Statistical Tests. R Package Version 0.7.0. Computer Software. 2021.
Available online: https://CRAN.R-project.org/package=rstatix (accessed on 10 November 2022).

32. Kassambara, A. ggpubr: “ggplot2” Based Publication Ready Plots (Version 0.1.7). Obtido Desde. 2018.
33. Segata, N.; Izard, J.; Waldron, L.; Gevers, D.; Miropolsky, L.; Garrett, W.S.; Huttenhower, C. Metagenomic Biomarker Discovery

and Explanation. Genome Biol. 2011, 12, 1–18. [CrossRef]
34. Love, M.I.; Huber, W.; Anders, S. Moderated Estimation of Fold Change and Dispersion for RNA-Seq Data with DESeq2. Genome

Biol. 2014, 15, 1–21. [CrossRef]
35. Wickham, H. ggplot2: Elegant Graphics for Data Analysis; Springer: New York, NY, USA, 2016.
36. Tantengco, O.A.G.; Menon, R. Breaking Down the Barrier: The Role of Cervical Infection and Inflammation in Preterm Birth.

Front. Glob. Women’s Health 2022, 2, 777643. [CrossRef] [PubMed]
37. Oliver, A.; Lamere, B.; Weihe, C.; Wandro, S.; Lindsay, K.L.; Wadhwa, P.D.; Mills, D.A.; Pride, D.T.; Fiehn, O.; Northen, T.; et al.

Cervicovaginal Microbiome Composition Is Associated with Metabolic Profiles in Healthy Pregnancy. MBio 2020, 11, e01851-20.
[CrossRef] [PubMed]

38. Norman, J.E. Progesterone and Preterm Birth. Int. J. Gynecol. Obstet. 2020, 150, 24–30. [CrossRef] [PubMed]
39. Donders, G.G.G.; Bellen, G.; Rezeberga, D. Aerobic Vaginitis in Pregnancy. BJOG 2011, 118, 1163–1170. [CrossRef]
40. Ryan, M.P.; Pembroke, J.T. Brevundimonas Spp: Emerging Global Opportunistic Pathogens. Virulence 2018, 9, 480–493. [CrossRef]
41. Lev-Sagie, A.; De Seta, F.; Verstraelen, H.; Ventolini, G.; Lonnee-Hoffmann, R.; Vieira-Baptista, P. The Vaginal Microbiome: II.

Vaginal Dysbiotic Conditions. J. Low. Genit. Tract Dis. 2022, 26, 79–84. [CrossRef]
42. Krauss-Silva, L.; Almada-Horta, A.; Alves, M.B.; Camacho, K.G.; Moreira, M.E.L.; Braga, A. Basic Vaginal pH, Bacterial Vaginosis

and Aerobic Vaginitis: Prevalence in Early Pregnancy and Risk of Spontaneous Preterm Delivery, a Prospective Study in a Low
Socioeconomic and Multiethnic South American Population. BMC Pregnancy Childbirth 2014, 14, 107. [CrossRef]

43. Ncib, K.; Bahia, W.; Leban, N.; Mahdhi, A.; Trifa, F.; Mzoughi, R.; Haddad, A.; Jabeur, C.; Donders, G. Microbial Diversity and
Pathogenic Properties of Microbiota Associated with Aerobic Vaginitis in Women with Recurrent Pregnancy Loss. Diagnostics
2022, 12, 2444. [CrossRef]

44. Zhao, F.; Chen, Y.; Gao, J.; Wu, M.; Li, C.; Wang, Z.; Huang, N.; Cui, L.; Du, M.; Ying, C. Characterization of Vaginal Microbiota
in Women With Recurrent Spontaneous Abortion That Can Be Modified by Drug Treatment. Front. Cell. Infect. Microbiol. 2021,
11, 770. [CrossRef]

45. Ma, X.; Wu, M.; Wang, C.; Li, H.; Fan, A.; Wang, Y.; Han, C.; Xue, F. The Pathogenesis of Prevalent Aerobic Bacteria in Aerobic
Vaginitis and Adverse Pregnancy Outcomes: A Narrative Review. Reprod. Health 2022, 19, 21. [CrossRef]

46. Witkin, S.S.; Moron, A.F.; Linhares, I.M.; Forney, L.J. Influence of Lactobacillus Crispatus, Lactobacillus Iners and Gardnerella
Vaginalis on Bacterial Vaginal Composition in Pregnant Women. Arch. Gynecol. Obstet. 2021, 304, 395–400. [CrossRef] [PubMed]

https://doi.org/10.1016/j.ajog.2019.11.1283
https://doi.org/10.1186/s40168-016-0223-9
https://doi.org/10.3390/jcm9113621
https://doi.org/10.1016/j.ajog.2017.05.030
https://www.ncbi.nlm.nih.gov/pubmed/28549981
https://doi.org/10.1371/journal.pone.0105592
https://www.ncbi.nlm.nih.gov/pubmed/25144201
https://doi.org/10.1055/s-0039-1687859
https://doi.org/10.1038/nmeth.3869
https://www.ncbi.nlm.nih.gov/pubmed/27214047
https://doi.org/10.1093/nar/gks1219
https://CRAN.R-project.org/package=vegan
https://doi.org/10.1371/journal.pone.0061217
https://doi.org/10.1038/s41467-021-27098-7
https://CRAN.R-project.org/package=rstatix
https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.3389/fgwh.2021.777643
https://www.ncbi.nlm.nih.gov/pubmed/35118439
https://doi.org/10.1128/mBio.01851-20
https://www.ncbi.nlm.nih.gov/pubmed/32843557
https://doi.org/10.1002/ijgo.13187
https://www.ncbi.nlm.nih.gov/pubmed/32524598
https://doi.org/10.1111/j.1471-0528.2011.03020.x
https://doi.org/10.1080/21505594.2017.1419116
https://doi.org/10.1097/LGT.0000000000000644
https://doi.org/10.1186/1471-2393-14-107
https://doi.org/10.3390/diagnostics12102444
https://doi.org/10.3389/fcimb.2021.680643
https://doi.org/10.1186/s12978-021-01292-8
https://doi.org/10.1007/s00404-021-05978-z
https://www.ncbi.nlm.nih.gov/pubmed/33521838


Nutrients 2023, 15, 2173 12 of 12

47. Pacha-Herrera, D.; Erazo-Garcia, M.P.; Cueva, D.F.; Orellana, M.; Borja-Serrano, P.; Arboleda, C.; Tejera, E.; Machado, A. Clustering
Analysis of the Multi-Microbial Consortium by Lactobacillus Species Against Vaginal Dysbiosis Among Ecuadorian Women.
Front. Cell. Infect. Microbiol. 2022, 12, 428. [CrossRef] [PubMed]

48. Nicolò, S.; Tanturli, M.; Mattiuz, G.; Antonelli, A.; Baccani, I.; Bonaiuto, C.; Baldi, S.; Nannini, G.; Menicatti, M.; Bartolucci, G.; et al.
Vaginal Lactobacilli and Vaginal Dysbiosis-Associated Bacteria Differently Affect Cervical Epithelial and Immune Homeostasis
and Anti-Viral Defenses. Int. J. Mol. Sci. 2021, 22, 6487. [CrossRef] [PubMed]

49. Pausan, M.-R.; Kolovetsiou-Kreiner, V.; Richter, G.L.; Madl, T.; Giselbrecht, E.; Obermayer-Pietsch, B.; Weiss, E.-C.;
Jantscher-Krenn, E.; Moissl-Eichinger, C. Human Milk Oligosaccharides Modulate the Risk for Preterm Birth in a Microbiome-
Dependent and -Independent Manner. mSystems 2020, 5, e00334-20. [CrossRef]

50. Castanheira, C.P.; Sallas, M.L.; Nunes, R.A.L.; Lorenzi, N.P.C.; Termini, L. Microbiome and Cervical Cancer. Pathobiology 2021, 88,
187–197. [CrossRef]

51. Shen, L.; Zhang, W.; Yuan, Y.; Zhu, W.; Shang, A. Vaginal Microecological Characteristics of Women in Different Physiological
and Pathological Period. Front. Cell. Infect. Microbiol. 2022, 12, 1071. [CrossRef]

52. Sarmento, S.G.P.; Moron, A.F.; Forney, L.J.; Hatanaka, A.R.; Carvalho, F.H.C.; França, M.S.; Hamamoto, T.K.; Mattar, R.;
Linhares, I.M.; Minis, E.; et al. An Exploratory Study of Associations with Spontaneous Preterm Birth in Primigravid Pregnant
Women with a Normal Cervical Length. J. Matern. Fetal. Neonatal Med. 2022, 35, 5383–5388. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3389/fcimb.2022.863208
https://www.ncbi.nlm.nih.gov/pubmed/35646732
https://doi.org/10.3390/ijms22126487
https://www.ncbi.nlm.nih.gov/pubmed/34204294
https://doi.org/10.1128/mSystems.00334-20
https://doi.org/10.1159/000511477
https://doi.org/10.3389/fcimb.2022.959793
https://doi.org/10.1080/14767058.2021.1879786

	Introduction 
	Materials and Methods 
	Study Design 
	Sample Collection and DNA Extraction 
	Library Preparation and Sequencing 
	Amplicon Sequence Variance Assemblage 
	16 S Metabarcoding Statistical Analysis 

	Results 
	Population Characteristics 
	Vaginal Microbial Community Composition and Diversity 
	Bacterial Biomarkers 

	Discussion 
	References

