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Impact of a Lactobacillus
dominant cervical microbiome,
based on 16S-FAST profiling, on
the reproductive outcomes of
IVF patients

Wenzheng Guan'*, Sitong Dong*?!, Zhen Wang?, Jiao Jiao“**
and Xiuxia Wang***

tCenter of Reproductive Medicine, Shengjing Hospital of China Medical University, Shenyang, China,
2Shenyang Reproductive Health Clinical Medicine Research Center, Shenyang, China, *Key Laboratory
of Reproductive and Genetic Medicine, China Medical University, National Health Commission,
Shenyang, China

Objective: This study assessed the impact of the cervical microbiome on
reproductive outcomes in frozen embryo transfer (FET) patients.

Study design: This cross-sectional study included 120 women (aged 20-40
years) undergoing FET. A cervical sample obtained before embryo transfer was
analyzed using 16S full-length assembly sequencing technology (16S-FAST),
which detects full length 16S rDNA.

Results: We found that >48% of the identified Lactobacillus species were novel.
The cervical microbiome was clustered into three cervical microbiome types
(CMT): CMT1, dominated by L. crispatus; CMT2, dominated by L. iners; and
CMT3, dominated by other bacteria. CMT1 had a significantly higher biochemical
pregnancy rate (P=0.008) and clinical pregnancy rate (P=0.006) than CMT2 and
CMT3. Logistic analysis showed that compared to CMT1, CMT2 and CMT3 were
independent risk factors for biochemical pregnancy failure (odds ratio [OR]:
6.315, 95% confidence interval [Cl]: 2.047-19.476, P=0.001; OR: 3.635, 95% CI:
1.084-12.189, P=0.037) and clinical pregnancy failure (OR: 4.883, 95% Cl: 1.847-
12.908, P=0.001; OR: 3.478, 95% ClI. 1.221-9.911, P=0.020). A L. crispatus-
dominated group as a diagnostic indicator of biochemical and clinical
pregnancy positive had area under the curve (AUC) values of 0.651(P=0.008)
and 0.645(P=0.007), respectively. Combining the cervical microbiome with
embryonic stage optimized the diagnostic performance for biochemical and
clinical pregnancy failure with AUC values of 0.743(P<0.001) and 0.702(P<0.001),
respectively. Additionally, relative abundance of L. crispatus predicted
biochemical pregnancy positive with AUC values of 0.679(P=0.002) and
clinical pregnancy positive with AUC values of 0.659(P=0.003).
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Conclusion: Cervical microbiome profiling using 16S-FAST enables stratification
of the chance of becoming pregnant prior to FET. Knowledge of the cervical
microbiota may enable couples to make more balanced decisions regarding the
timing and continuation of FET treatment cycles.

KEYWORDS

cervical microbiome, Lactobacillus crispatus, reproductive outcomes, frozen embryo
transfer, 16S full-length assembly sequencing technology

Introduction

Infertility affects 8-12% of reproductive-aged couples
worldwide (Inhorn and Patrizio, 2015). Common causes of
infertility include ovulatory disorders, tubal disease,
inflammation, and sperm abnormalities; however, one-third
of people are infertile due to unknown reasons (Bashiri et al,
2018; Carson and Kallen, 2021). In vitro fertilization and
embryo transfer (IVF-ET) are currently used as effective
treatments for infertility. However, the pregnancy rate remains
approximately 50% (Zhang et al., 2021). Therefore, predicting the
outcomes prior to the start of treatments may help to develop
personalized treatment plans and reduce the psychological and
financial stress for patients.

Female reproductive tract microbiota such as vaginal, cervical
and uterus microbiota, may affect pregnancy outcome in IVF
patients (Chen et al., 2017). A study showed that vaginal
microbial community could not differ clinical pregnancy in in
vitro fertilization-embryo transfer (IVF-ET) (Wang et al., 2021).
While Haahr’ study showed that qPCR defined bacterial
vaginosis (BV) associated abnormal vaginal microbiota was
correlated to clinical pregnancy negative(Haahr et al, 2016).
Microbiota of cervix which is in the transition zone between the
vagina and uterus, is now getting increasing attention. A few studies
have investigated the cervical bacteria and IVF pregnancy outcomes
(Hao et al., 2021; Wang et al.,, 2021; Villani et al., 2022), but the
effects of prediction were inconsistent. Although it seems the
reproductive tract microbiota may have a negative impact on
embryo implantation in biologically plausible, more research is
needed in this field.

Lactobacillus is the most common and significant factor in the
stabilization and imbalance of reproductive tract microbiome
(Gajer et al., 2012; Ravel et al.,, 2013). The evidence of
relationship between Lactobacillus and pregnancy outcome is
conflicting. Lactobacillus was reported to significantly decreased
in the infertile patients (Fu et al., 2020; Zhao et al., 2020; Karaer
et al.,, 20215 Sezer et al., 2022), and women achieved biochemical
pregnancy had higher level of Lactobacillus spp. (Bernabeu et al.,
2019). However, another study reported that Lactobacillus showed
no difference between women who got clinical pregnancy or not
(Wang et al.,, 2021). It is supposed that the different results might be
induced by insufficient identification of bacterial species levels. For
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instance, women with L. iners dominated microbiota were more
susceptible to vaginal dysbiosis, bacterial vaginosis (BV) and
sexually transmitted infections than L. crisptus (Borgdorff et al.,
2014; Jespers et al., 2015; Reimers et al., 2016; van Houdt et al., 2018;
Witkin et al., 2021). Thus, the effect of reproductive microbiota on
pregnancy outcome might require further distinction of
species level.

Until now, a few studies have used full-length of 16S rRNA
sequence analysis to describe feature of microbiome. Full-length of
16S rRNA sequence analysis was reported to catalog the diversity of
deeply branching phyla and identify species (Karst et al., 2018). Our
previous study used 16S rDNA full-length assembly sequencing
technology (16S-FAST) (Dong et al., 2021) also found improved
discrimination ability on species level, because it reads the entire
variable region of the 16S rRNA gene (V1-V9). In the current
article, we aim to use 16S-FAST to describe the characteristics of
cervical microbiota, and evaluate performance of 16S-FAST in
predicting the biochemical and clinical pregnancy outcome of
IVF treatment.

Materials and methods

Study population

From September 2021 to December 2021, 230 planned FETs
were performed. The inclusion criteria were as follows: female aged
20 to 40 years; good-quality cleavage-stage embryo or blastocysts
transferred; endometrial thickness >8 mm; hormone replacement
therapy (HRT) protocols; ethnic group is Han. The exclusion
criteria were as follows: more than three previous unsuccessful
FETs; uterine malformation, intrauterine adhesions, uterine
fibroids, adenomyosis, or endometritis; had taken probiotics
or antibiotics within 1 month; smokers or alcoholics;
participation in any experimental drug study within 60 days.
Finally, 120 participants were enrolled (Supplementary Figure 1).
In accordance with the Declaration of Helsinki, the
design of the present study was approved by the Ethics
Committee of the Shengjing Hospital of China Medical
University (Reference No. 2021PS016F). All participants gave
written informed consents.
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Endometrial preparation protocols and
cervical sample collection

The endometrium was prepared with estradiol, which was
administered via oral (titrated up to 2-3 mg twice per day) or
transvaginal (titrated up to 1-2 mg twice per day) routes.
Transvaginal ultrasound was performed to assess the
endometrium after 12-14 days of estradiol administration, and
progesterone was initiated once the endometrial lining was =8 mm
and trilaminar in appearance. Progesterone (80 mg daily) was used
for endometrial transformation. Cervical samples were collected
before endometrium transformation according to the following
steps: 1) a sterile cotton swab was placed into the patient’s
cervical canal and rotated to obtain cervical samples, during this
process, the operator ensured that the cotton swab did not touch the
vaginal wall of the patient; 2) the samples were directly placed into
the DNA storage tubes (CW2654, CwBiotech, Beijing, China).

16S full-length library
construction technology

The cervical samples were stored at room temperature and sent
to a laboratory within two hours. Storage buffer contains 100 mM
Tris-HCI (pH 9), 40 mM EDTA, 4 M guanidine thiocyanate
(protein denaturant to inhibit bacterial growth), and 0.001%
bromothymol, as previously described (Hisada et al., 2015;
Nishimoto et al, 2016). Bacterial DNA was extracted using a
DNA extraction kit (Qiagen Fecal DNA Extraction Kit, Qiagen,
Hilden, Germany). Quantitative and qualitative analyses as well as
quality control of the extracted DNA were performed. Sequencing
was performed via the methods described in our previous study
(Dong et al., 2021).

Bioinformatics analysis and
statistical methods

16S rDNA full-length sequence was generated via the methods
previously described (Dong et al., 2021). Operational taxonomic
unit (OTU) was clustered with a similarity threshold of 99%.
Species annotations for all OTUs were performed with
SILVA_132_SSURef Nr99 database with default parameters
(Quast et al., 2013). The software used is Mothur (Schloss et al.,
2009), and the name of the method is wang. Muscle 3.8.31 (Edgar,
2004) was used to perform multiple sequence alignment, and
FastTree 2.1.11 (Price et al., 2009; Price et al., 2010) was used to
construct the evolutionary tree. Clustering of communities based on
community composition and abundance was performed using
complete linkage hierarchical clustering with three clusters in the
R package, and R package heatmap 1.0.12 was used to draw the
heatmap. The o bacterial diversity of the cervical microbiota
community was estimated by QIIMEl V1.8.0 (Caporaso et al,
2010). The difference between groups was calculated by a
Kruskal-Wallis sum-rank tests. Principal coordinates analysis
(PCoA) was performed using the R 3.6.1 package vegan 2.5-3
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analysis, and the P value was calculated by matching the Adonis
method. Kruskal-Wallis sum-rank tests were used to detect
significant differences between groups. To assess the impact of
significant variables on pregnancy outcomes, univariate and
multivariate logistic regression analyses were conducted using
SPSS statistics (version 23.0; IBM, Armonk, NY, USA) to
determine the odds ratio (OR) and confidence interval (CI) for
the presence of pregnancy negative, then age and embryonic stage
were also included into analysis as covariates considering that they
are also important factors affecting pregnancy outcomes. The
receiver operating characteristic (ROC) curve was modeled using
GraphPad Prism 6 (GraphPad Software).

Reproductive outcomes measures

The reproductive outcomes were biochemical pregnancy rate
(BPR) and clinical pregnancy rate (CPR). Biochemical pregnancy
was defined as a human chorionic gonadotrophin (hCG) level =5
mIU/mL, and clinical pregnancy was defined as a gestational sac
revealed by ultrasonography on the 21st day after a successful
biochemical pregnancy.

Results

16S rDNA FAST analysis of the
cervical microbiome

One-hundred-and-twenty samples containing more than 2000
contigs were filtered after sequencing full-length 16S rDNA. The
rarefaction curve appeared flat, indicating that the amount of
sequencing data was reasonable (Supplementary Figure 2).
Consistent with previous reports, Lactobacillus was the most
abundant bacterium in these samples (Supplementary Figure 3).
Lactobacillus identified in cervical samples was from nine lineages,
which was present as 796 unique Lactobacillus 16S rDNA
operational taxonomic units (OTU)s with at least a 1% genetic
difference. We noticed that the majority of OTUs were derived from
five lineages: L. iners, L. gasseri, L. jensenii, L. vaginalis, and L.
crispatus, displaying 1100%, 43.7%, 45%, 30%, and 250% of the
novel sequences, respectively; Lineage L. vaginalis was also
composed of several strains previously annotated as L. iners, L.
delbrueckii, L. fermentum, L. coleohominis, L. casei, and L.
acidophilus. Similar phenomena were observed in the other two
lineages, L. iners (comprising L. gasseri) and L. crispatus
(comprising L. acidophilus and L. jensenii). Our result also
showed the presence of intraspecific variations, which were
dispersed in reference gene (Figure 1A). The genetic variations
were most located in variable region 2 (V2) (33.3%) (Figure 1B).
Then, to validate whether the novel strains identified among the
OTUs were resulted from sequencing errors, we examined their
mutations in the supporting reads and their distribution among
patients. All 88 L. iners OTUs were observed in two or more
patients, with at least five supporting full-length 16S rDNA
sequences (Figure 1C). In order to identify the genetic
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relationships of the unique strains as well as the existing strains in
the database, we draw evolutionary tree showing sequences
annotated in the database and sources of the reference
data (Figure 1D).

In addition, to compare the annotation differences on species
levels based on 16S full-length and V3-4 region, we analyzed the top
20 strains. Compared to 16S-FAST, annotation according to V3-4
did not show L. crispatus, and OTU was extensively annotated as L.
unclassified (Supplementary Figure 4). This result suggested that the
16S-FAST is indeed required for analysis in cervical microbiota.

Identification of cervical microbiome type
by clustering of samples

Clustering of the cervical bacterial community was performed
at the species level to assess the impact of the cervical microbiome
on pregnancy outcomes. According to the 50 most abundant
species, the cervical microbiome communities, which we defined
as CMTs, were clustered into three major clusters dominated by L.
crispatus (41.6%) (CMT1), L. iners (34.2%) (CMT2), and other
bacteria (24.2%) (CMT3) such as Gardnerella vaginalis,
Streptococcus gallolyticus, L. jensenii, Klebsiella pneumoniae,
Atopobium vaginae, Prevotella amnii, L. gasseri, and Streptococcus
agalactiae (Figure 2A). B diversity assessed by PCoA separated the
three groups (Figure 2B). CMT1 had the highest o diversity,
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followed by CMT2 and CMT3 (Figure 2C). The abundance of the
main contributors to each CMT strongly avoided each other
(Figure 2D), suggesting that CMTs were groups of species that
contributed to the composition of their microbiome communities.

Pregnancy outcomes between CMTs

Data of the participants with different CMTs are listed in Table 1.
Of all participants, 68.3% had a positive biochemical pregnancy, and
59.1% had a positive clinical pregnancy (Supplementary Table 1).
Among these, CMT1 had significantly higher biochemical and
clinical pregnancy rates (Table 1). The accompanying distribution
of pregnancy outcomes is shown in Supplementary Figure 5.

Logistic regression analysis of the risk
factors for pregnancy failure

To further analyze the risk factors for pregnancy failure,
univariate and multivariate logistic regression analyses were
conducted to determine the odds ratio (OR) and confidence
interval (CI) for the presence of pregnancy negative, which
showed that CMT was significantly associated with biochemical
pregnancy failure. CMT2 (odds ratio [OR]: 4.109, 95% confidence
interval [CI]: 1.549-10.901, P=0.05) and CMT3 (OR: 3.706, 95% CI:
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1.287-10.667, P=0.015) significantly increased the risk factors for
biochemical pregnancy failure compared to CMT1. After adjusting
for age and embryonic stage as covariates, CMT2 and CMT3 were
confirmed as independent risk factors for biochemical pregnancy
failure (OR: 6.315, 95% CI: 2.047-19.476, P=0.001; OR: 3.635, 95%
CI: 1.084-12.189, P=0.037). Embryonic stage day 3 was also
identified as a risk factor (Table 2).

TABLE 1 Basic feature comparison.

CMT was also significantly associated with clinical pregnancy
failure. CMT2 (OR: 3.667, 95% CI: 1.501-8.958, P=0.004) and
CMT3 (OR: 3.393, 95% CI: 1.279-9.000, P=0.014) significantly
increased the risk factors for clinical pregnancy failure, and
remained independent risk factors for clinical pregnancy failure
after adjusted embryonic stage (OR: 4.883, 95% CI: 1.847-12.908,
P=0.001; OR: 3.478, 95% CI: 1.221-9.911, P=0.020) when compared

. . L.iners ;
L. crispatus dominated . Other bacteria
rou dominated rou
group group group
N=50 N=41 N=29
Age <35 37 28 16 0.225
>35 13 13 13
BMI (kg/m?) <24 30 25 20 0.708
>24 20 16 9
Cause of infertility Tubal factor 31 28 18 1
Endometriosis 1 2 0
Ovarian
5 5 1
factor
Unknown 4 2 3
Male factor 9 4 7
Endometrial thickness on the day of transplantation
(mm) 9.00(8.700-10.00) 9.00(8.50-10.00) 9.30(8.80-10.00) 0.404
Biochemical pregnancy rate (%) 84.00 56.00 58.62 0.008
Clinical pregnancy rate (%) 76.00 46.34 48.28 0.006

Data are presented as number or Median (IQR).
BMI, body mass index.
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TABLE 2 The logistic analysis of biochemical pregnancy outcome.

10.3389/fcimb.2023.1059339

Biochemical Biochemical .
reananc reananc OR (95% Adjusted OR
pregnancy - preghancy a (95%Cl)
negative positive
N=38 N=82
Age <35 21 60 0.051
2.208(0.987- 1.821(0.723-
>35 17 22
4.937) 0.054 4.584) 0.203
BMI (kg/m?) <24 22 53 0.478
>24 16 29
. 6.033(2.270- 8.609(2.759-
Embryonic stage cell embryo 15 8 <0.001
16.031) <0.001 26.865) <0.001
blastocyst 23 74
Endometrial Thickness on the day 10.00(8.80-
. 9.85(8.92-11.00) 0.831
of transplantation (mm) 11.45)
E, on the day of transplantation 113.05(68.67- 104.12(80.29- 0.856
(pg/mL) 762.14) 501.19) :
P h f 1 i 15.53(13.49-
rog on the day of transplantation 16.98(13.68-21.00) 5.53(13.49 0.546
(ng/mL) 20.84)
A . L. crispatus
Cervical community type . 8 42 0.008 0.010 0.006
dominated group
L.iners 18 23 4.109(1.549- 6.315(2.047-
dominated group 10.901) 0.005 19.476) 0.001
Other bacteria 12 17 3.706 3.635(1.084-
group (1.287-10.667) 0.015 12.189) 0.037

Data are presented as number or Median (IQR).
BMI, body mass index.

to CMT1 after adjusting for embryonic stage. Embryonic stage day
3 was also identified as a risk factor (Table 3).

Diagnostic performance of L. crispatus for
pregnancy outcomes

We tested the diagnostic performance of CMT by dividing it
into CMT1 and non-CMT1. Non-CMT1, as a diagnostic indicator
of biochemical pregnancy failure and clinical pregnancy failure, had
an area under the curve (AUC) of 0.651 (P=0.008) and 0.645
(P=0.007), respectively. Additionally, embryonic stage as a
diagnostic indicator of biochemical pregnancy failure and clinical
pregnancy failure had AUC values of 0.649 (P=0.009) and 0.614
(P=0.034), respectively. Moreover, combining CMT and embryonic
stage optimized the diagnostic performance for biochemical
pregnancy failure and clinical pregnancy failure with AUC values
of 0.743 (P<0.001) and 0.702 (P<0.001), respectively
(Figures 3A-C).

In addition, 16S-FAST can accurately identify L. crispatus, we
also cared about the prediction performance of L. crispatus itself on
pregnancy outcomes. The relative abundance of L. crispatus
obtained by 16S-FAST had an AUC of 0.679 (P= 0.002) for
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biochemical pregnancy positive and an AUC of 0.659 (P= 0.003)
for clinical pregnancy positive (Figure 4).

Discussion

In this study, we used 16S-FAST to describe the characteristics
of cervical microbiome of women undergoing IVF, and we
evaluated the predictive value of cervical microbiome for IVF
outcomes. The cervical microbiome was clustered into three
cervical microbiome types (CMT): CMTI, dominated by L.
crispatus; CMT2, dominated by L. iners; and CMT3, dominated
by other bacteria. CMT1 had a significantly higher biochemical and
clinical pregnancy rate than CMT2 and CMT3. After reducing the
bias caused by confounding factors, CMT2 and CMT3 were
independent risk factors for biochemical or clinical pregnancy
failure. A cervical dominance of L. crispatus was an indicator to
predict good pregnancy outcomes.

We found L. crispatus-dominant microbiome was more prone to
pregnancy. Previous studies had suggested that L. crispatus was a
major composition of reproductive tract bacterial communities and
typically had low Nugent scores (Gajer et al., 2012). It could maintain
a healthy vaginal microbial ecosystem (Sehring et al., 2022),
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TABLE 3 The logistic analysis of clinical pregnancy outcome.

Clinical Clinical :
reananc reananc OR (95% Adjusted OR
pregnancy - pregnancy «) (95%Cl)
negative positive
N=49 N=71
Age <35 29 52 0.106
>35 20 19
BMI (kg/m?) 26 49 0.076
23 22
4.433(1.660- 5.779(1.976-
Embryonic stage cell embryo 16 7 0.002 ¢ (
11.841) 0.003 16.899) 0.001
blastocyst 33 64
Endometrial' Thickness on the day of 9.90(9.00-11.00) 10.00(8.60- 0.835
transplantation (mm) 11.25)
E, on the day of transplantation (pg/ 126.64(68.56- 102.49(80.42- 0.626
mL) 799.57) 234.77) '
Prog on the day of transplantation 17.25(13.94- 15.51(13.46- 0.335
(ng/mL) 22.45) 20.06) )
L. crispat
Cervical community type crispaus 12 38 0.006 0.008 0.004
dominated group
L.iners dominated 2 19 3.667(1.501- 4.883(1.847-
group 8.958) 0.004 12.908) 0.001
Other bacteria 15 14 3.393(1.279- 3.478(1.221-
group 9.000) 0.014 9.911) 0.020
Data are presented as number or Median (IQR).
BMI, body mass index.
A B
Biochemical pregnancy Clinical pregnancy
100
80— 80—
= 60— 60 =
5 3
= =
0 7]
S a0 c 40
& &
20 = Embryonic stage 20 == Embryonic stage
= CMT 1 or not s CMT 1 or not
—___ Embryonic stage + ____ Embryonic stage +
CMT 1 or not CMT 1 or not
T T T T o T T T T
0 20 40 60 80 100 0 20 40 60 80 100
100% - Specificity% 100% - Specificity%
C
AuC SE 95%Cl i‘;‘l":’e" ificit y PPV NPV Pvalue
) ) Embyonicstage  0.649  0.057 0083 45 0304 0902 0741 0652 0762 0.009
Biochemical 0.734
pregnancy positive o o 0651 0052 9% 45 0789 0512 0600 0428 0.840 0008
vs. Biochemical 0.736
pregnancy negative Embwenicstade 0743 0.048 %_6853%' 0785 0.894 0439 0583 0425 0900  <0.001
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Diagnostic performance of CMT on the incidence of pregnancy failure. Potential of CMT in diagnosing (A) biochemical pregnancy failure and

(B) clinical pregnancy failure. (C) area under the curve (AUC), standard error (SE), 95% confidence interval (Cl), cut-off value, sensitivity, specificity,
Accuracy, positive predictive value (PPV), negative predictive value (NPV) and P values for each ROC curve in this evaluation.
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curve in this evaluation

and was strongly negatively associated with dysbiosis (Borgdorft et al.,
2016). Amato et al. observed that a predominance of L. crispatus of
vaginal microbiome was a marker of a healthy vaginal ecosystem and
was associated to intrauterine insemination (IUI) success (Amato
et al., 2020). Taken together, infertile women with dominance of L.
crispatus had a more chance achieving pregnancy success.
Interestingly, in our study, CMT1 and CMT2 were both
Lactobacillus spp. dominant. However, CMT2 dominant by L.iners
had not shown a benefit to pregnancy, which was inconsistent with
previous research about pregnancy success with Lactobacillus. Karaer
et al. found that the relative abundance of Lactobacillus was lower in
women who failed to become pregnant using the V3-V4 regions of the
16S rRNA (Karaer et al,, 2021). Bernabeu et al. investigated the vaginal
microbiome influences on the IVF outcome by sequencing of V3-V4
region of 16S rRNA, reporting a greater presence of Lactobacillus spp.
in pregnant women (Bernabeu et al., 2019). But it should be noticed
that different species of Lactobacillus played different roles in the
reproductive tract. Previous researches had shown that the L. iners-
dominated reproductive tract microbiota appeared to be a risk of
increased susceptibility to reproductive tract infections including
Chlamydia trachomatis and BV (Macklaim et al, 2011; Santiago
et al,, 2012; van Houdt et al., 2018; Campisciano et al., 2020; Chen
et al., 2022). Lots of researches also indicated that Chlamydia
trachomatis and BV led to negative pregnancy outcomes (Wilson
et al, 2002; Haahr et al, 2016; Chen et al, 2021a). In addition,
traditional 16S rDNA fragment sequencing technology may not be
possible to accurately distinguish the species of Lactobacillus spp. In
this study, we found 16S-FAST improved discrimination ability on
species level comparing with traditional sequencing of V3-V4 region of
16S rRNA. Therefore, Lactobacillus classification of species level in our
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study provided a better prediction of a reproductive outcome. In our
results, CMT3, including Gardnerella vaginalis and Klebsiella
pneumoniae, which was non-Lactobacillus dominant could also be
one of risks of lower IVF pregnancy rates, which was consistent with
the results of previous study (Sirota et al., 2014; Moreno et al., 2016).
Moreno reported that high relative abundances of Gardnerella vaginalis
and Klebsiella pneumoniae were observed in chronic endometritis in
asymptomatic infertile women (Moreno et al,, 2018), which indicates a
negative IVF outcome (Chen et al, 2021b). In addition, non-
Lactobacillus-predominant microbiota was associated with lower
rates of implantation, pregnancy, ongoing pregnancy, live births, and
other adverse reproductive outcomes in IVF (Wilson et al., 2002; Sirota
et al., 2014; Moreno et al., 2016; Moreno and Simon, 2018).
Unsuccessful outcomes have been linked to dysregulated
microbiome in endometrium (Moreno et al., 2022). However, due
to the small amount of starting material and low-biomass
microbiota, the endometrial microbiota is easily contaminated by
exogenous bacterial DNA. Since the microbiome in the upper
reproductive tract has been shown to be a continuum (Chen
et al., 2017), the cervical microbiome, which is close to the
uterine cavity, is convenient to obtain and contamination can be
easily prevented. Currently, there are few studies that have reported
differences in the cervical microbiome between women with
positive assisted reproductive technology (ART) pregnancy
outcomes and negative ART outcomes (Hao et al,, 2021; Villani
etal, 2022). However, the results are controversial and the testing is
difficult to apply in clinical working, possibly because it is difficult to
accurately detect bacteria at the species level. What’s more, we chose
the time of sampling in the endometrial transformation stage, but
not on the transfer day, so that we had enough time for testing and
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advised patients on whether or not to continue the transfer cycle
according to the microbiome results. This could be of great benefit
in achieving better pregnancy outcomes with interventions for
cervical microbiome dysbiosis to postpone IVF and await a
favorable profile, such as antibiotics combined with vaginal
probiotic therapy (Buggio et al,, 2019; Kadogami et al., 2020). A
limitation of this study is that a well-defined study population was
used, limiting the results to the frozen embryo transfer population.
Whether these results can be translated to the general population
trying to establish a pregnancy without ART cannot be determined
from these data. In addition, this is a cross-sectional study and how
cervical microbiome impact the uterine environment for
implantation needs further studies.

In summary, we identified and analyzed the cervical
microbiome of infertile patients in northern Asia and found that
a microbiome dominated by L. crispatus was a protective factor for
biochemical and clinical pregnancy in IVF patients. On the other
hand, L. iners and other bacterial-dominated microbiomes were risk
factors for pregnancy failure. The cervical community type could be
an indicator of pregnancy prediction and provide a more precise
treatment plan. However, the reproductive tract microbiome is rich
in species and has a high diversity; its interaction with embryo
implantation and the maternal host is still unclear, and further
exploration and research are required.
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