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The impact of pelvic floor
electrical stimulation on vaginal
microbiota and immunity

Yakun Zhang®, He Yang®, Chi Zhang?, Li Lin? Wenlan Yang?,
Guangwu Xiong? and Guolan Gao™*

tSavaid Medical School, University of Chinese Academy of Sciences, Beijing, China, 2Department of
Obstetrics and Gynecology, Peking University International Hospital, Beijing, China

Pelvic floor electrical stimulation (ES) is an effective treatment for pelvic floor
dysfunction. However, the impact of ES on vaginal microbiota and local
inflammatory response is yet poorly understood. Therefore, we designed a
longitudinal study to investigate the impact of ES on vaginal microbiota and
cytokines. A total of 170 participants were recruited into the study at Peking
University International Hospital, Beijing, China, from December 2021 to April 2022.
They were divided into two groups concerning the follow-up: long-term cohort (n =
147) following up to seven treatment sessions and short-term cohort (n = 23)
following up to 7 h after a 30-min treatment. Paired vaginal discharge samples were
collected from 134 individuals. Vaginal microbiota was characterized by 16S rRNA
sequencing, and local cytokines concentrations were detected by the cytometric bead
array method. A significant increase in the relative abundance of Lactobacillus spp. was
observed after ES treatment (P < 0.001). In addition, L. crispatus (P = 0.012) and L.
gasseri (P = 0.011) also increased significantly. Reduced microbial diversity was
observed in the vaginal microbiota after the treatment. In the long-term cohort, a
significant downregulation of IFN-v, IL-2, IL-4, IL-10, IL-17A, and TNF-o. was compared
with baseline. However, the short-term cohort presented with an elevated IL-6 level at
7 h after the treatment. In conclusion, this study suggested that transvaginal electrical
stimulation might help to restore and maintain a healthy vaginal microbiota dominated
by Lactobacillus, reducing the risk of vaginal inflammation.

KEYWORDS

vaginal microbiota, electrical stimulation, 16S rRNA, pelvic floor muscle,
local cytokine

Introduction

Pelvic floor electrical stimulation (ES) is an effective method to increase voluntary pelvic
muscle contractions and enhance muscle strength, and even muscles suffering from severe
impairment can benefit to regain the ability to perform voluntary contractions (Li et al., 2020).
Transvaginal electrical stimulation (TVES) is a passive treatment that can excite nerves and
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stimulate pelvic floor muscles by sending mild electrical currents
and has proven efficacy in the treatment of pelvic floor dysfunction
(PFD) like stress urinary incontinence, fecal incontinence, pelvic
organ prolapse (POP), and sexual dysfunction (Yang et al., 2017;
Silantyeva et al., 2021).

The vaginal microbiome of healthy women is characterized by low
microbial diversity and Lactobacillus predominance (Ravel et al,
2011). Lactobacillus adhere to the vaginal epithelial surface and play
a protective role in preventing infection (Chee et al,, 2020). An
abnormal microbiome has been associated with increased risk of
reproductive tract inflammation, abortion, and human
papillomavirus (HPV) infection (Chen et al, 2020). Therefore, a
healthy and balanced vaginal microbiota is crucial for reproductive
health. However, the effect of TVES on vaginal microbiome has not
been reported.

The effect of ES on various microorganisms such as
Escherichia coli, Staphylococcus aureus, and Pseudomonas
aeruginosa can be inhibitory, stimulatory, or none depending
on the parameters and modes selected (Caubet et al., 2004;
Dusane et al,, 2019; Lee et al., 2021). Studies showed that the
mechanisms of ES for promoting wound healing might include
increased angiogenesis and circulation as well as a direct
antibacterial effect of ES (Gentzkow, 1993; Asadi and
Torkaman, 2014; Ashrafi et al., 2017). Wang et al. found that
electroacupuncture treatment not only helped alleviate knee
pain from knee osteoarthritis but also influenced the gut
microbiota by reducing the abundance of pathogenic bacteria,
such as Streptococcus, and increasing the abundance of beneficial
bacteria, including Agathobacter and Bacteroide, in the gut
(Wang et al., 2021).

Cytokine concentrations may reflect, to some degree,
conditions on local inflammatory and pathological conditions.
Increased inflammatory cytokines in the cervix and vagina were
associated with an increased risk of HIV-1 transmission (Mitchell
and Marrazzo, 2014). A recent study showed that HPV-infected
patients reported elevated levels of cytokines like IL-10 (interleukin-
1oy, IL-1B, IL-6, 1L-10, 1L-8, IL-17A, INF-y (interferon-y), and
TNF-o. (tumor necrosis factor). The increased level of those
cytokines was associated with the severity of disease from low-
grade squamous intraepithelial lesion and high-grade squamous
intraepithelial lesion to cancer (Otani et al., 2019). Inflammation
leads to disruption of the vaginal epithelial barrier and reduction in
antimicrobial peptide secretion, which is linked to increased
susceptibility to sexually transmitted infections (STIs) (Gopinath
and Iwasaki, 2015).

A study showed that moderate low-frequency transcutaneous
neuromuscular ES slightly strengthened the quadriceps femoris
muscle while producing no changes in the measured blood
immunological parameters (Kopitar et al., 2012). Another study
found the muscle strength of patients to have improved after high-
or low-frequency peripheral neuromuscular ES, while the
inflammatory processes seemed more linked to the ES strategies
adopted (Bruggemann et al, 2017). However, no evidence of
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whether ES may induce local inflammatory responses in vaginal
epithelium has been found.

In summary, few studies have actually reported the impact of
ES on vaginal microbiota and the immune microenvironment. It
remains to be explored whether TVES will affect the dominance
of Lactobacillus and inflammatory regulation. Therefore, we
designed a longitudinal controlled cohort study to investigate
the effects of pelvic floor ES on vaginal micro-ecology.

Results
Participants’ characteristics

The participants were recruited from the Department of
Obstetrics and Gynecology of Peking University International
Hospital from December 2021 to April 2022. A total of 170
individuals were recruited into the longitudinal study, while 36
women failed to meet the inclusion criteria and were excluded.
Furthermore, 134 women were enrolled and completed their
follow-up with paired vaginal secretion samples tested
(Figure 1). Of these enrolled patients, 120 had been diagnosed
with urinary incontinence, weakened pelvic floor muscles after
childbirth, pelvic pain, vaginal laxity, or POP, and they were
randomly divided into two groups, namely, the long-term group
(L group, n = 111) (Supplementary Table S1) and the short-term
cohort group (S group, n = 9). The rest of the 14 healthy subjects
were classified into the S group receiving 30 min of ES treatment.
The 23 women in the S group completed a 7-h follow-up
(Supplementary Table S2).

After seven treatment sessions, the rate of effectiveness of the
L group was 81.1% as determined by the improvement of
subjective symptoms or pelvic floor muscle functions (Table 1).

Vaginal microbiota composition

All of the 291 samples utilizing 16S rRNA sequencing passed
the quality control measures with a median sequencing read
depth of 85,433 reads [interquartile range (IQR) 81,720-89,094].
L group and S group acquired 34,777 and 16,437 operational
taxonomic units (OTUs), respectively. The detailed relative
abundances of all samples are shown in Supplementary Table S3.

Of the Lactobacillus spp. in this study, Lactobacillus iners,
Lactobacillus crispatus, and Lactobacillus gasseri were the most
prevalent species in the vagina. The vaginal microbiota in the
long-term cohort had lower relative abundance of Lactobacillus
and higher diversity in flora composition (compared by Chaol and
Shannon index, P < 0.01) compared with those of the short-term
cohort (37.58 vs. 63.49%), which was associated with PFD, or the
postpartum recovery phases that the L group participants were in.
PCoA based on Bray—Curtis was used to display the composition
differences between samples (Supplementary Figure S1).
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Flow diagram showing the distribution of participants using different follow-up protocols and the number of samples that completed each study

visit, respectively.

Impact of seven sessions of ES treatment
on vaginal microbiota

We defined the characteristics of the 111 participants before
ES treatment (L group) as baseline and those after treatment as
endpoint (LI group). The relative abundance change of different
taxa was used to identify the impacts of ES between L and LI
group longitudinally. At the genus level, the relative abundance of
Lactobacillus spp. was significantly higher in the LI group
compared with the baseline (Z = -3.540, P < 0.001), whereas
there was no significant difference of Gardnerella, Atopobium,
Prevotella spp., Bifidobacterium, and Streptococcus between the L
and LI groups. Interestingly, Staphylococcus and Ralstonia spp.
that are absent from the healthy vaginal microbiota presented a
significant decrease after seven sessions of ES treatments
(Z = -4.425, P < 0.001 and Z = -2.016, P = 0.044) (Figure 2A).
We found that Lactobacillus was the most common species in our
study. Compared with L. crispatus (Z = -2.519, P = 0.012) and L.
gasseri (Z = -2.551, P = 0.011) which demonstrated significant
increases, that of L. iners was somewhat raised but not
significantly (Figure 2B). The biomarkers between two groups
were examined using linear discriminant analysis effect size
(LEfSe) to further assess the difference. The Kruskal-Wallis rank
sum test (Alpha value = 0.05) was used with the linear
discriminant analysis (LDA) score of more than 4, which

TABLE 1 Characteristics of all participants (n = 134).

Characteristic

represented the biomarkers with a statistically significant
difference. The L. crispatus species were significantly enriched in
group LI, whereas the Burkholderiaceae family and the Ralstonia
genus were enriched in group L (Figures 2C, D). Next, we utilized
MetaStat to analyze other distinct species across groups
(Supplementary Table S4). Moreover, we demonstrated the
differences between L and LI group using PCoA (Figure 2E).

Additionally, compared with the baseline, there was a little
decrease in the variety and complexity of the vaginal microbiome
following ES. The Shannon index was marginally higher in the L
group than in the LI group [median 3.32 (IQR 2.45-4.11) vs. 3.16
(2.28-3.90)] but not significantly higher (Supplementary Figure
S3A). The rarefaction curve also revealed the complicacy of the two
groups (Supplementary Figure S3B).

Impact of current intensity on
vaginal microbiota

To investigate the effect of varied current intensities on
vaginal microbiota, we divided the long protocol participants
into two groups based on the median electric value of seven
sessions of treatments exceeding 40 mA. We discovered that the
Shannon index of the low current group displayed a downward
trend after ES without significance (Z = -1.648, P = 0.099), while

L group (n = 111) S group (n = 23)

Age, mean (SD), years

Sexual intercourse during treatments, n (%)
Sexual partners during treatments >2, n (%)
Condom use during treatments, 1 (%)

(%)

Mean current intensity, median (IQR), mA

Menstruation during treatments, n

Improvement of symptoms or muscle strength after treatments, n (%)
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334 (5.07) 31.5 (4.26)
44 (39.6%) 0
0 -
42 (95.4%) -
41 (36.9%) 0
38 (32-50) 29 (28-31)

90 (81.1%) -
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(A) Histogram of the major relative abundance of vaginal microbiota at the genus level in L and LI groups. (B) Histogram of the major relative
abundance of vaginal microbiota at the species level in L and LI groups. *P < 0.05, ***P < 0.001, two-sided paired Wilcoxon rank-sum

test. (C) LDA scores obtained from the LEfSe of the vaginal microbiota in L and LI groups. An LDA effect size of >4 was used as a threshold for
the LEfSe. LDA, linear discriminant analysis; LEfSe, linear discriminant analysis effect size. (D) Cladogram of the LEfSe of the vaginal microbiota in
L and LI groups. The microbial compositions were compared at different evolutionary levels. (E) Principal coordinate analysis of microbial
species data based on Bray—Curtis distance matrix which displayed the difference of samples between groups. Each dot represented a sample.
L, samples before electrical stimulation in the long protocol cohort; LI, samples after seven times of electrical stimulation in the long

protocol cohort.

there was no change in the high current group. At the genus
level, we observed that Lactobacillus significantly increased (Z =
-2.227, P=0.026) and Ralstonia spp. dramatically decreased (Z =
-2.908, P = 0.004) in the low current group. However, in the high
current group, there was a slight increase of Lactobacillus
without significance (Z = -1.592, P = 0.111), but there was a
significant decrease in Ralstonia spp. (Z = -2.919, P = 0.004)
(Supplementary Figure S2A). At the species level, only L. gasseri
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(Z = -2.652, P = 0.008) demonstrated a statistically significant
increase in the high current group (Supplementary Figure S2B).

Impact of one session of ES on
vaginal microbiota

To further explore the effects of ES on vaginal microbiota
shortly after treatment, 23 women in the short time cohort

frontiersin.org


https://doi.org/10.3389/fcimb.2022.1006576
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhang et al.

(S group) were examined. At the genus level, the alterations of the
vaginal microbiota following ES were comparable to the long-term
cohort but not exactly the same. The relative abundance of
Lactobacillus spp. in both groups (SI group—30 min after
treatment and SII group—7 h after treatment) showed a
moderate elevation but without significant difference compared
with the S group, whereas Staphylococcus, which decreased in the
long-term cohort, showed a downward trend, but not significantly,
in the short-term cohort (Figure 3A). The relative abundance of
Ralstonia spp. in the short-term cohort was only 0.04%, which was
far lower than that in the long-term cohort, and Ralstonia spp. did
not show a discernible decline. The variations in relative abundance
longitudinally at the species level between baseline and after
treatment from the same participant were compared, and it
demonstrated that L. crispatus and L. gasseri showed a moderate
increase without significance (Figure 3B). We also used MetaStat
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(Supplementary Table 55) and PCoA (Figure 3C) to further analyze
the difference across the three groups.

The alpha diversity variation in the short-term cohort was
consistent with that of the long-term cohort, which was
slightly lower than the baseline but without significance. We used
petal diagram (Supplementary Figure S3C) and rarefaction curve to
display the differences among the three groups (Figure 3D).

Vaginal cytokines

We ruled out potential secretions containing blood in order
to prevent the blood components from interfering with the
concentration of local vaginal cytokines. In the end, 117 pairs
of cytokine levels were collected, including 94 pairs from the
long-term cohort and 23 pairs from the short-term cohort. We
examined the expression levels of seven cytokines, including IL-

Relative abundance

{ ]
msi

@
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OTU Number
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(A) Histogram of the major relative abundance of vaginal microbiota at the genus level in S, Sl and Sl groups. (B) Histogram of the major relative
abundance of vaginal microbiota at the species level in S, SI and SlI groups. *P < 0.05, ***P < 0.001, two-sided paired Wilcoxon rank-sum

test. (C) Principal coordinate analysis of microbial species data based on Bray—Curtis distance matrix which displayed the difference of samples
between groups. All samples were labeled. (D) The detected operational taxonomic unit numbers increased with the enlargement of sequence
numbers between groups. S, samples before electrical stimulation in the short time cohort; SI, samples after 30 min of electrical stimulation in
the short time cohort; SlI, samples after electrical stimulation for 7 h in the short time cohort.

Frontiers in Cellular and Infection Microbiology

05

frontiersin.org


https://doi.org/10.3389/fcimb.2022.1006576
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Zhang et al.

2, IL-4, IL-6, IL-10, TNF-0, IFN-y, and IL-17A, that are
connected to human Thl, Th2, and Th17 immune cells. The
percentages of samples within detectable thresholds of cytokine
levels were 51.28, 41.45, 95.30, 64.10, 56.84, 53.42, and 52.14%,
respectively. The results of the levels of cytokines are presented
in Supplementary Table S6 in great detail.

Impact of ES on vaginal cytokines

Six cytokines (IFN-y/IL-2/IL-4/IL-17A/TNF-0/IL-10) were
significantly downregulated in the long-term cohort compared
with the baseline, although IL-6 had no significant change

10.3389/fcimb.2022.1006576

(Figure 4). Interestingly, the results of the short-term cohort were
opposite to those of the long-term cohort. Compared with baseline,
although the IL-2 level showed a trend toward decreased levels,
none of the six cytokines (IFN-y/IL-2/IL-4/IL-17A/TNF-0/IL-10)
showed statistically significant changes 7 h after the treatment. On
the other hand, IL-6 significantly increased (Figure 5).

Discussion

In recent years, there has been a lot of interest in the studies
of pelvic floor ES, vaginal microbiome, and cervico-vaginal
immunology. However, there is a lack of research on the
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Comparison of cytokine concentrations between baseline and after seven times of treatment. The box plots show the change in cytokine
concentrations between groups. P-values above the figure were generated using two-sided paired Wilcoxon signed-rank tests. The bounds of
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that were plotted individually.
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Comparison of cytokine concentrations between baseline and after treatment for 7 h

relationships between vaginal microbiota, local cytokine levels,
and ES. In this longitudinal study, we evaluated both long
protocol and short time cohorts to reduce the effects of
intercourse and periodic changes of sex hormones on vaginal
microbiota and local cytokines (Balle et al., 2020).

In particular, the vaginal microbiota dominated by L.
crispatus, which produces more lactic acid than L. iners, is
thought to be more advantageous for keeping the vagina at a
low pH level (Pramanick and Aranha, 2020; Adapen et al., 2022;
Argentini et al., 2022). L. crispatus is related to defense against
infections and regulates anti-inflammatory reactions.
Microbiomes, dominated by L. iners, are more likely to
transfer to a diverse microbiome than L. crispatus
preponderance (Mitra et al., 2020; Breedveld et al., 2022).
These mechanisms may account for the rise in L. crispatus

Frontiers in Cellular and Infection Microbiology

abundance seen in this study following ES. We observed that
the relative abundance of Lactobacillus spp., L. crispatus, and L.
gasseri increased after ES. Furthermore, the abundance of
Ralstonia spp. decreased, and the microbiome diversity slightly
declined. These findings suggested that pelvic floor ES might
contribute to the preservation of Lactobacillus dominance in the
vagina, maintaining and possibly supporting vaginal microbiota
regeneration to a certain extent. Levy et al. discovered that,
compared with control rats, rats receiving twice-weekly 30-min
sessions of cutaneous ES targeting the genital branch of the
pudendal nerve experienced less change in the composition of
their vaginal microbiota. This finding suggested that ES might
stabilize the vaginal microbiota, which is similar to our
conclusion and point (Levy et al., 2020).
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While modest inflammatory responses may be beneficial to
eradicate various STIs, women with higher vaginal inflammation
were more susceptible to HIV exposure, paradoxically increasing
the chance of disease acquisition (Gopinath and Iwasaki, 2015).
Instantaneously produced in reaction to infection and tissue
damage, interleukin-6 (IL-6) contributes to host’s defense
against emergent stress by activating acute phase and immune
response (Tanaka et al., 2018). In this study, IL-6 significantly
increased after a single ES but not after numerous ES, and other
cytokines paradoxically decreased. This suggested that pelvic
floor ES might not promote local inflammation and may perhaps
suppress inflammatory cytokines to some extent. The
phenomena deserve to be further studied to explore more
applications of ES.

Previous studies showed that the concentrations of pro-
inflammatory cytokines were shown to be much lower in women
who had cured bacterial vaginosis (BV) than those who were
with an infected status, and the levels of cytokines might be
influenced by the relative abundance of G. vaginalis (Mtshali
et al, 2021). Individuals with high-diversity microbiota had
significantly higher levels of pro-inflammatory cytokines
compared with those with abundant Lactobacillus, which is
considerable (Anahtar et al., 2015). In our study, six cytokines
were downregulated after seven sessions of ES treatments, which
may be related to the increase of Lactobacillus abundance and
the decrease of microbiota diversity. The release of cytokines
may also be impacted by the direct influence of ES on immune
cells. Further research needs to be done on every possibility. To
the best of our knowledge, this study provides the first evidence
demonstrating the role of transvaginal ES on microbiota and
cytokines, and the first study used 16S rRNA sequencing to
explore the effect of direct ES on human organ microbiome.
According to these findings, pelvic floor ES might be beneficial
to maintain the dominance of Lactobacillus in the vagina, reduce
the concentration of local cytokines, and even stabilize the
vaginal micro-ecology to a certain extent. This study not only
fills in the gaps regarding the effect of pelvic floor ES therapy on
vaginal microbiome and local inflammation but also suggests a
novel approach to the stability of women’s vaginal
microenvironment. Additionally, the experimental design was
longitudinal—oneself’s comparison at different time points,
which reduced interference on results such as individual
microbiome difference and time factors, thus improving and
enhancing the reliability of the conclusion.

Unfortunately, despite the fact that this study revealed
alterations in vaginal flora and local cytokines following ES,
there were no descriptions of the production of electrolysis
and metabolic substances in the vagina. Changes in
chemical substances such as hydrogen peroxide and vaginal
pH value should be recorded. Future research may also fill up
these gaps to obtain a more thorough understanding of how
they interact.
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Methods
Participants’ enrollment

The study was approved by the Biomedical Ethics
Committee of Peking University International Hospital,
Beijing, China (ethical approval no. 2021-KY-0017-02).
Women undergoing obstetrics and gynecology at Peking
University International Hospital as well as healthy volunteers
were enrolled in the study. Written consents and face-to-face
questionnaires, including relevant information and symptoms,
were obtained from all participants. Vaginal secretion samples
were collected after the eligibility criteria, instead of exclusion
criteria, were confirmed. The eligibility criteria for enrollment in
the study included being a married woman with age over 20
years, without intentions to become pregnant throughout the
study period, and voluntary signing of the informed consent
form and questionnaire. Women who have just given birth are
required to have incurred over 6 weeks of rest and without
lochia. Additionally, the subjects were required to be free of
immune system disorders as well as infectious diseases like
hepatitis, AIDS, and syphilis. Furthermore, the participants
were instructed to refrain from vaginal irrigation and inserting
any drug or objects into the vagina throughout the duration of
study and sexual intercourse 48 h before sampling. Participants
who use drugs that might influence the vaginal microbiota or
inflammatory response during treatment, such as antibiotics,
probiotics, and anti-inflammatory medications, were excluded
from the study. Moreover, follow-up was ceased in participants
who were not having their menstrual period but had interrupted
treatments twice or more times.

ES treatment

In the long protocol cohort, eligible volunteers used TVES
for seven sessions for 30 min each, and in the short-term cohort,
they only received therapy for 30 min once. There was a 3-day
interval between treatments. The volunteers underwent ES
treatments for 20 min each, followed by 10 min of Kegel
exercise with the assistance of biofeedback. Vishee
biostimulation feedback instrument (model SA9804, Nanjing
Vishee Medical Technology Co., Ltd., Nanjing, China) and
surface EMG electrode (type VET-A, Nanjing Vishee Medical
Technology Co., Ltd., Nanjing, China) were used for this study.
Supine positions with 45° relaxed abducted hip and knee angles
were used for the subjects. Then, an electrode was placed inside
the vagina. Each electrode in the long protocol cohort was only
utilized by one patient and was rigorously sterilized before and
after each treatment. In the short-term cohort, the subjects
utilized single-use, sterilized electrodes. The parameters for
TVES (constant current generator) were as follows: biphasic
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pulse, frequency—50 Hz, pulse width—300 ws, on/off—1:1,
current intensity: increasing steadily from 0 mA to the highest
level tolerable.

Sample collection

The subjects were placed in lithotomy position on the
gynecological examination bed. A well-trained clinical doctor
used two disposable sterile swabs to collect secretions by
swabbing the vaginal walls three to five times and then
removing the swab back into the tube. The samples were
maintained in an ice box and transferred to -80°C storage in
the laboratory for subsequent experiments.

DNA extraction

DNA was isolated from vaginal secretions using a Fast DNA
Spin Kit (MP Biomedicals, USA). Following the protocol, we added
200 pl of the samples that were submerged in 2 ml saline and 1 ml
cell lysis solution (CLS-TC) to Lysing Matrix (FastPrep) and then
followed the protocol. Eventually, 50 ul of liquid containing
microbial DNA was obtained. DNA concentration and purity
were monitored on 1% agarose gel. DNA was diluted in sterile
water to 1 g/L depending on the concentration.

16S rRNA gene sequencing and analysis

Extracted DNA was amplified by PCR using the 16S V3-V4
primer constructs 806R (5'-GGACTACNNGGGTATCTAAT-
3’) and 341F (5'-CCTAYGGGRBGCASCAG-3’). The mixture
of PCR products was purified with Qiagen Gel Extraction Kit
(Qiagen, Germany). Library preparation was generated using
® DNA PCR-Free Sample Preparation Kit (Illumina,
USA). Finally, the library was sequenced on an Illumina

TruSeq

NovaSeq platform, and 250-bp paired-end reads were
generated. The paired-end reads were assigned to samples
based on their unique barcode and truncated by cutting off the
barcode and primer sequence. Paired-end reads were merged
using FLASH (V1.2.7, http://ccb.jhu.edu/sofeware/FLASH)
(Magoc and Salzberg, 2011). Quality-controlled 16S
sequencing reads were processed using the QIIME (V1.9.1,
http://qiime.org/scripts/splitlibrariesfastq.html) (Caporaso
et al, 2010). The tags were compared with the reference
database (Silva database, https://www.arb-silva.de/) using
UCHIME algorithm (UCHIME Algorithm, http://www.drive5.
com/usearch/manual/uchime_algo.html) to detect and remove
chimera sequences (Haas et al., 2011). Then, the effective tags
were finally obtained. Sequences analyses were performed by
Uparse software (Uparse V7.0.1001, http://drive5.com/uparse/).
The sequences were clustered into the same OTUs with 97%
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similarity or above. For each representative sequence, the Silva
Database (http://www.arb-silva.de/) was used based on Mothur
algorithm to annotate taxonomic information (Quast et al,
2013). The unannotated sequences were complemented
using BLAST on NCBI nucleotide database (excluding
uncultured organisms).

Cytokine measurements

All cytokine levels were measured using bead-based
immunoassays (cytometric bead array; CBA) and the CBA
Human Th 1/Th 2/Th 17 Cytokine kit (Cat# 560484, BD
Biosciences) in accordance with the kit manufacturer’s
protocol. Swabs with vaginal secretions were fully mixed after
being soaked in tubes with 0.5 ml phosphate buffer saline
(HyClone, USA). Cytokine standards were serially diluted 1:2,
1:4, 1:8, 1:16, 1:32, 1:64, 1:128, and 1:256 before mixing with the
capture beads and the PE detection reagent. The cytokine
standards-bead and samples-bead mixture were incubated for
3 h at room temperature. The beads were analyzed using a BD
FACS Calibur flow cytometer (BD Biosciences) after washing.
We obtained a standard curve ranging from 0 to 5,000 pg/ml for
each cytokine ultimately. The mean fluorescence intensity for
each bead cluster was converted into cytokine concentrations
based on the 10-point standard curve, and the analysis of data
was accomplished by the FCAP Array software (BD
version 3.0.1).

Statistical analysis

Analysis was executed by SPSS version 22 (IBM, New York,
NY, USA) and R software (V4.1.2). Continuous data were
compared across groups using the Wilcoxon rank-sum test, and
statistically significant differences between groups were examined at
a two-sided significance level of 0.05. Categorical data were
described as frequency proportions. LEfSe software (version 1.0)
based on Bray-Curtis was displayed using the Novomagic, a free
online platform for data analysis (https://magic.novogene.com).
The alpha diversity values were calculated with QIIME software
and compared with the Wilcoxon test. Principal coordinate analysis
(PCoA) based on Bray-Curtis was manifested by the WGCNA
package, stat package, and ggplot2 package in R software. The
analysis of cytokines between groups used Wilcoxon rank-sum test
by R software.
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