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Abstract 

Background: To assess bacterial diversity in infertile couples with their biochemical pregnancy outcomes. Using 
a retrospective case-control study design, participants were recruited for collection of vaginal swab, follicular fluid, 
endometrial fluid, and semen samples. The microbial composition was analyzed by 16S ribosomal RNA (rRNA) gene 
amplification with (MinION) Oxford Nanopore Ltd.

Results: Our findings revealed that age and endometrial thickness had a significant impact on the pregnancy suc-
cess rate of pregnant (P) and non-pregnant (NP) patients receiving IVF, with high levels of luteinizing hormone, estro-
gen, and progesterone in the P group. In addition, the partial least squares discriminant analysis (PLS-DA) revealed 
a difference in microbial composition between the P and NP groups, as well as a higher microbial abundance in 
non-pregnant patients compared to pregnant patients. After comparison between pregnant patients and non-preg-
nant patients, pregnant patients had a higher abundance of Firmicutes and Proteobacteria and a lower abundance of 
Actinobacteria, Fusobacterium, and Bacteroidetes at the phylum level. Non-pregnant patients had a lower abundance 
of the probiotics lactobacillus and a higher abundance of infections Prevotella and Gardnerella at the genus level. As a 
result, a disordered microbiota in non-pregnant patients, characterized by a decrease in probiotics and an increase in 
pathogens, could be used as a possible marker for a higher IVF failure rate.

Conclusion: Alteration of the microbiota of the reproductive tract or the presence of certain microbes, regardless of 
the degree of pathogenicity that can affect fertilization, as well as implantation and subsequent embryonic develop-
ment. This could result in failed fertility treatments and a lower live birth (LBR) rate.
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Background
Infertility is an increasingly common problem around 
the world. There is a microbiome dependent host dis-
ease relationship. Infertility affects between 8% and 12% 
of couples of childbearing age worldwide [1]. However, 
in some regions of the world, infertility rates are much 

higher, reaching 30% in some populations [2]. The micro-
biome associated with the reproductive tract makes up 
9% of the human microbiota, which includes the flora 
in the vagina, endometrial follicular fluid in women, and 
seminal fluid in men. Many reports showed the higher 
live birth rate (90–95%) after embryo transfer in the 
presence of predominant lactobacilli as vaginal micro-
flora while being negatively affected by pathogenic bac-
teria [3]. The vaginal flora consists of about 30 species of 
microbes, which mainly live in the mucosa of the lateral 
wall in the vagina and some also in the cervix [4]. One 
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of them, lactobacilli, is the most common microbe that 
plays a very important role in vaginal health [5, 6].

Lactobacillus can secrete a large amount of lactic acid 
in the anaerobic respiration of glycogen, which has the 
ability to make the vaginal environment acidic and main-
tain vaginal pH, and this acidic environment helps inhibit 
the spread of pathogenic bacteria. Lactobacillus has a 
high absorptivity of the vaginal mucosa, and therefore it 
can reduce the adsorption of other pathogenic bacteria to 
the vaginal mucosa and prevent the long-term presence 
of the pathogenic bacteria in the vagina [7, 8]. The pres-
ence of lactobacilli in the vagina is a vaginal microbiome 
necessary for maintaining vaginal health and protecting 
the reproductive system from harmful microorganisms 
[9]. Follicular fluid microbiome which can affect the out-
come of IVF treatment due to the presence of Lactobacil-
lus species and associated with improved embryo quality, 
leading to extremely high embryo transfer and pregnancy 
rates. Endometrium, originally considered a sterile site, 
and the presence of microbiota and Lactobalillus species 
has shown that it improves the implantation rate [10].

Infertility is caused by male factors (alone or in com-
bination with female factors) in about 40% to 50% of 
infertile couples. Unfortunately, male infertility is still 
classified as idiopathic in a high percentage of cases 
[11–13]. The presence of pathogenic bacteria, namely 
Anaerococcus in the semen is negatively associated with 
its quality.

The aim of this present research was to find out 
whether the microbiota obtained by metagenomics anal-
ysis and present in vaginal swab, follicular fluid, endome-
trial fluid and semen are associated with poor treatment 
outcomes in assisted reproduction. Using next-gen-
eration sequencing, 16S ribosomal RNA (rRNA) gene 
sequence analysis can be used to identify bacteria with-
out the need for culture in a way that does not depend on 
the subjective opinion of the investigator.

Therefore, a total of 255 IVF patients were enrolled in 
this study, and the researchers used a high-throughput 
sequencing technique to compare the patients’ microbial 
diversity with the successes and failures of IVF outcomes.

Materials and methods
Ethics statement
The institutional ethics committee of Pacific Medical 
University has approved the use of human subjects for 
this study dated 30th June 2018 with the reference num-
ber (PMU/IEC/085/2018). All patients gave informed 
consent to the use of their vaginal swab, follicular fluid, 
endometrial fluid, and semen samples in this study.

Recruitment of participants
The inclusion criteria were as follows:

From July 2018 to December 2020, participants were 
recruited who met all of the following enrollment cri-
teria: primary infertility patients attending Pacific IVF 
Center Udaipur India, no history of gynecological and 
abdominal surgery, having the normal sonographic tex-
ture of ovaries, and with no signs of hyperandrogenemia. 
Premenopausal Indian women who were not pregnant, 
non-clinical symptoms strongly suggestive of BV, sched-
ule hormone replacement embryo transfer cycle with 
frozen embryos, and those who were provided written 
informed consent. The metagenomics study included 
vaginal swabs, follicular fluid, endometrial fluid, and 
semen samples.

The exclusion criteria were as follows:
Who had a female partner older than 40 years, more 

than 3 failed embryo transfers, and abnormal uterocer-
vical anatomy, known to have vaginal or systemic infec-
tions, pelvic inflammatory disease or infected sperm. 
Known history of HIV-1/2, hepatitis B/C, syphilis, or 
genital chlamydia infection; known history of diabe-
tes; known history of cervical/vaginal surgery; known 
history of use of intrauterine device; known history of 
antibiotic, steroid, or vaginal suppository use within the 
previous 2 weeks.

Sample collection
All vaginal samples and follicular fluid and semen sam-
ples were collected on the day of oocyte pickup, endome-
trial fluid samples were collected on the day of embryo 
transfer at day 3.

In order to keep the sample away from contamina-
tion, it is important to maintain an appropriate sam-
ple environment during sample collection, as changes 
in temperature, humidity, or other factors can alter or 
contaminate samples. In addition, we found that the 
proximity of different samples could lead to cross-
contamination, which could later lead to incorrect 
results. In addition, sample collection time was mini-
mized and aseptic laboratory resources were used, 
including gloves, masks and hats and appropriate 
sterile catheters in the embryology laboratory prem-
ises. All samples were collected in sterile Cryo vials 
under the laminar airflow using autoclaved sterile 
catheters and falcon tubes help reduce contamination 
and we performed rapid cooling at 80 °C to preserve 
the diversity of microbiota produced by a dry storage 
at 4 °C is changed significantly. Therefore, it is equally 
important to maintain consistent storage conditions to 
achieve optimal nucleic acid yields prior to metagen-
omics sequencing.

Vaginal swabs were collected from the vaginal mid-
point and posterior fornix sample using a sterile swab 
to examine an area on the lateral wall of the vagina 
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approximately midway between the introitus and the 
cervix. To avoid contamination from cervical mucus, 
the swab was gently pressed into the sidewall of the 
vagina and rotated four times to thoroughly coat the 
swab. Samples of follicular fluid were collected during 
oocyte retrieval in the embryology laboratory using an 
appropriate sterile protocol in a laminar air flow. After 
the embryo transfer was performed, we collected endo-
metrial samples from the material remaining on the 
transfer catheter in a laminar airflow and transferred 
them to a Petri dish. The sterile 1.8 ml nest tube was 
opened in laminar air flow and the endometrial speci-
men was transferred to the tube and tightly capped. 
Semen samples were collected from male patients dur-
ing the semen preparation procedure for the IVF cycle. 
All samples were frozen at − 80 °C (< 30 days) as soon 
as possible for further analysis. The entire analysis pro-
cess is described in Fig. 1.

Based on the IVF pregnancy result, the samples were 
divided into two groups: those who had a successful 
pregnancy (P) and those who did not have a pregnancy 
(NP). All patients were given access to their medical 
records to learn more about their reproductive history 
and outcomes.

Reproductive outcomes analysis
Pregnancy outcome was determined fifteen days after 
embryo transfer by detecting b-human chorionic gon-
adotropin (b-HCG) in serum. The patients were divided 
into two groups, pregnancy group (P) and non-preg-
nancy group (NP) based on pregnancy outcome of IVF 
and their baseline condition, age, baseline hormone lev-
els, number of embryos, and endometrial thickness were 
compared in Table 1.

DNA extraction and quantification
Bacterial DNA was extracted from samples according 
to the manufacturer’s instructions using the commer-
cially available DNeasypower soil kit (Qiagen, Germany. 
Extracted DNA quantity was assessed using Nanodrop 
spectrophotometer (Thermo).

PCR amplification of ribosomal marker and sequencing
PCR mixture for the full-length 16S rRNA gene (50 μl 
total volume) contained 10 ng of DNA template (10 μl), 
25 μl Long Amp Taq 2X master mix (NEB M0287), 1 μl 
16S Barcode (Barcode 01 to Barcode 12 each for 1 sam-
ple separately) and 14 μl nuclease-free water as suggested 
in 16S Barcoding Kit (SQK-RAB204). The PCR thermal 

Fig. 1 Workflow of 16S rRNA amplicon sequencing with the MinION™ platform and bioinformatics analysis
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profile consisted of an initial denaturation of 60 s at 95 
°C, followed by 25 cycles of 20 s at 95 °C, 30 s at 55 °C, 2 
min at 65 °C, and a final step of 5 min at 65 °C. Forward 
16S primer: 5′-ATC GCC TAC CGT GAC-barcode-AGA 
GTT TGATCMTGG CTC AG-3′ Reverse 16S primer: 
5′-ATC GCC TAC CGT GAC-barcode-CGG TTA CCT 
TGT TAC GAC TT-3′ The amplicons were cleaned-up 
with the AMPure XP beads (Beckman Coulter) using a 
0.5× ratio. For each sample quantity was assessed using 
Nanodrop (Thermo Fisher Scientific) spectrophotometer. 
Success of 16S amplification was assessed in 1% agarose 
gels stained with ethidium bromide (EtBr). Samples that 
showed well-defined ≈ 1500 bp bands were mixed at pro-
portional volumes. The pools were then purified using 
Beckman Coulter’s AMPure XP beads and resuspended 
in 10 mM Tris-HCl pH 8.0 with 50 mM NaCl, as directed 
by ONT. Nanodrop One (Thermo Fisher Scientific) was 
used to assess concentration of the purified pools. Wher-
ever required, concentrations were adjusted to 10–20 ng/
μl. Finally, 5 μl of each pool were mixed with 0.5 μl of the 
rapid adapter (RAP) of the SQKRAB204sequencing kit 
and incubated for 5 min at room temperature. By add-
ing 1 l of RAP (rapid annealing primer) to the barcoded 
DNA, the different barcoded samples were mixed in an 
equimolar ratio to generate a final pool (100–150 ng in 
10 l) for the sequencing library. The prepared library 
(11 μl of DNA library) was mixed with Library Loading 
beads (25.5 μl) and Running Buffer with fuel mix (35.5 μl) 
and further loaded on SpotON Flow Cells Mk I (R9.4.1) 
(FLO-MIN106) and sequenced for 12–24 h using the 
MinKNOW™ software version 21.06.0 (Oxford Nanop-
ore Technologies Ltd.).

Statistical analysis
The statistical analysis is also being performed, where 
the alpha and beta diversity, PCA plots, heat map, 

etc. has been presented as applicable for individual 
samples (the same has been presented in figures foot-
notes) as well as within a group. Alpha diversity: based 
on Shannon, Simpson, and Observed taxa indices. 
Beta diversity: PCoA, PCA, and distance plots based 
on Bray-Curtis algorithm as well as grouped data was 
included to minimum 0.1% or a minimum of 10 reads 
classifying species to reduce overrepresentation. The 
findings of the principle coordinate analysis were 
shown using R version 4.0.2. Statistical analysis was 
performed using SPSS (version 25.0; IBM). Statistical 
significance was determined using Student’s test, one-
way or two-way ANOVA and annotated using inter-
national convention for statistical presentation. For 
continuous variables that satisfy a normal distribution, 
such as age and data, are reported as SD mean.

Results
Patient enrollment and baseline characteristics
The patient’s enrollment procedure is described in Fig. 2. 
Total 255, patients undergoing IVF and patients were 
enrolled this study between July 2018 and December 
2020, 52 patients were excluded due to a lack of follow-
up and 6 patients excluded for data missing. Total 197 
patients were included in the study. In the end, further 
divided them into pregnancy group P (N = 99) and non-
pregnancy group NP group (N = 98) respectively. Dif-
ferent endometrial preparation programs were chosen 
based on the patient’s physical condition including NC 
(natural cycle), COH (controlled ovarian hyper stimula-
tion), HRT (hormone replacement therapy), D + HRT 
(downregulating hormone replacement therapy), and C 
+ HRT (constant hormone replacement therapy).

All of the participants had primary infertility with 
regular menstrual cycles and no other medical issues. 
As shown in Table 1, age (p = 0.00) and endometrium 

Table 1 Patients characteristics

P pregnancy group, NP non-pregnancy group, p < 0.05 indicates significant difference between groups

Variables Total (N = 255) P group (N = 99) NP group (N = 98) P value

Age (years) 33.24 ± 5.57 30.89 ± 4.90 33.42 ± 5.92 0.00

Anti-Mullerian hormone (ng/ml) 2.3 (1.2–2.5) 2.8 (1.3–2.4) 2.3 (1.2–2.3) 0.53

Antral follicle count (n) 11.0 (5.0–6.0) 10.0 (6.0–8.0) 9 .0 (6.0–7.0) 0.56

Luteinizing hormone (mIU/ml) 8.06 (2.90–14.01) 8.95 (3.19–15.42) 7.82 (2.60–12.98) 0.52

Estrogen (pg/ml) 392.21 (216.85–1439.28) 403.84 (213.29–1501.59) 380.07 (223.82–1431.36) 0.52

Progesterone (ng/ml) 0.45 (0.30–0.67) 0.49 (0.33–0.67) 0.42 (0.29–0.67) 0.34

Endometrium thickness (mm) 9 .0 (8.50–10.00) 9.20 (8.50–10.00) 8.90 (8.18–10.00) 0.03

Number of retrieved oocytes 9 .0 (7.0–8.0) 9.0 (6.0–8.0) 10 (5.0–9.0) 0.69

Number of MII oocytes 9.0 (4–7) 8.0 (3–7) 7.0 (4–7) 0.27

Number of transferred embryos 2 (1,2) 2 (2) 2 (2) 0.39
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thickness (p = 0.02) had a strong relationship related 
to pregnancy outcome. All the hormonal level were 
assessed at the start of the cycle (Table 1).

Microbial compositions in couples with positive 
and negative IVF clinical outcome
The microbial diversity of the P group and NP groups 
was compared using 16S ribosomal RNA (rRNA) gene 
amplification with (MinION) Oxford Nanopore Ltd. Our 
results indicated that a NP group had a higher Shannon 
index and Simpson index than P group.

Alpha‑diversity and a comparison of the microbial 
community between the pregnancy (P) 
and non‑pregnancy (NP) group
Vaginal swabs, follicular fluid, endometrial fluid, and 
semen samples collected from 197 enrolled infertile 
patients to learn more about the factors that influence 
IVF success. These samples were divided into group P 
(N = 99) and NP group (N = 98) respectively based on 
pregnancy status. The microbial diversity of the P and NP 
groups was compared using high-throughput sequences. 
Our results show that a total of 2,624,974 filtered clean 
reads (4,525.81 reads/samples) and 3,413 OTUs were 
obtained from all samples (data not shown). As shown 
in Fig.  3A, B, higher Shannon and Simpson index were 

obtained in the NP group compared to the P group. In 
Fig. 3C, the Scalar-Venn results indicated that there were 
452 OTUs and 465 OTUs in P group and NP group, 
and 423 common OTUs were observed, which occu-
pied 93.58% (423/452) and 90.97% (423/465) in P group 
and NP group, respectively. In addition, the partial least 
squares discriminant analysis (PLS-DA) result indicated 
that most dots in P groups scatted far away from that in 
NP groups (Fig. 3D).

Microbial community comparison between the P and NP 
groups at the phylum and genus levels
Firmicutes, Actinobacteria, Proteobacteria, Fusobacteria, 
and Bacteroidetes are the most common predominant in 
the P group (80.77, 9.52, 9.18, 0.04, and 0.40%, respec-
tively) and the NP group (72, 61, 12.41, 8.01, and 3.75%). 
It was a population that accounted for 99.91 and 99.83%, 
respectively, of the total number of sequences in these 
two groups Compared with the NP group, a higher abun-
dance of Firmicutes (80.77 vs. 72.61%) and Proteobacteria 
(9.18 vs. 8.01%), and a lower abundance of Actinobacteria 
(9.52 vs. 12.41%, p = 0.03), Fusobacteria (0.04 vs. 8.01%, 
p = 0.02), and Bacteroidetes (0.40 vs. 3.75%, p = 0.03) 
were observed in P group (Fig. 4).

At the genus level, pregnancy increased the abundance 
of probiotic lactic acid bacteria (74.61 vs 63.09%) and 

Fig. 2 Flowchart showing the process of patient enrollment. P, pregnancy success after embryo transfer; NP, pregnancy failure after embryo transfer
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decreased the abundance of the pathogen Gardnerella 
(6.03 vs 7.24%, p = 0.03), Atopobium (0.84 vs 4.14%, p = 
0.02), Sneathia (0.03 vs. 3.75%, p = 0.02), and Prevotella 
(0.38 vs. 3, 02%, p = 0.04) (Fig. 5).

Discussion
In our study, we find that a decrease in Lactobacillus 
and an increase in Gardnerella, Atopobium, and Prevo-
tella had a strong association with IVF failure [14].

These links were significantly stronger after the genera 
Gardnerella, Atopobium, and Prevotella became over-
grown, as patients with a high incidence of Gardnerella, 
Atopobium, and Prevotella either failed to conceive or 
underwent abortion after embryo transfer. Therefore, 
it is important to describe the importance of the vagi-
nal microbiota in IVF and demonstrate its potential as a 
biomarker for predicting IVF outcomes [15].

This study was conducted to search for an additional 
etiology for the absence of pregnancy after excluding all 
possible genetic, hormonal, overt infections, and other 
organic causes of infertility. All of these subjects appeared 
to be physically and mentally fit for conception [16, 17]. 
Fetal development from fertilization is not a sterile pro-
cess. We found an abundance of bacteria, and normal 
and abnormal flora in our patient population. Culture 

yield is inferior in samples from the reproductive tract, so 
next-generation sequencing, a culture-independent tech-
nique, can identify and quantify bacterial DNA signature 
many times over.

The presence of non-Lactobacillus species such as 
Bacillus, Staphylococcus, Streptococcus, Acinetobacter, 
Enterococci, Prevotella, Sneathia, and Gardenella in our 
patient population at a certain titer individually or collec-
tively exceeding a threshold value may indicate the posi-
tive impact of Lactobacillus species on pregnancy in an 
otherwise normal internal milieu, thereby reducing the 
live baby rate through various mechanisms [18].

Biofilm properties such as Enterococci, Bacillus spe-
cies, Gardenella vaginalis, Stenotrophomonas malt-
ophilia, Prevotella amnis, and Sneathia present in our 
samples help them to remain dormant in the reproduc-
tive tract, escape antibiotics such as metronidazole, and 
trigger biofilm dispersion in certain triggers such as 
stress and inflammation to generate local milieu [19]. A 
bacterial biofilm is a structured community of bacteria 
attached to a biological tissue or inert surface. A bio-
film can be entrapped in a mucus substance: an extra-
cellular polymeric (EPS) self-produced matrix [20]. This 
inflammation can affect gametogenesis, fertilization 
and implantation, and further embryonic development. 

Fig. 3 In the P and NP groups, alpha-diversity and comparative study of bacterial diversity were performed. The Shannon index (A), the Simpson 
index, (B) the Scalar-Venn, (C) the PLS-DA (D). P, pregnancy success after embryo transfer; NP, pregnancy failure after embryo transfer; *means P < 
0.05, p < 0.05 which indicates significant difference
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Traditionally, follicular fluid, endometrial fluid, and 
semen samples are considered relatively sterile in con-
ventional culture techniques, but metagenomics analysis 
has revealed the presence of distinct bacterial popula-
tions. These can contribute to infertility and failed fertil-
ity treatments. The vaginal microbiota of the woman of 
reproductive age consists largely of at least five different 
communities [21]. Lactic acid producing Lactobacil-
lus species dominates four of these common state types 
(CSTs). While the fifth is generally anaerobic and strictly 
anaerobic, it is sometimes associated with vaginal symp-
toms. CST-IV does not contain large numbers of lacto-
bacilli but consists of a polymicrobial mix of strict and 
facultative anaerobes including Gardnerella, Atopobium, 
Mobiluncus, Prevotella, and other Clostridiales taxa [22–
25]. More than 90% of the vaginal microbiota consists of 
Lactobacillus species and further up in the endometrium 
and follicular fluid it makes up the predominant micro-
biota in people with a higher live birth rate. When this 
balance is disrupted, it can lead to infertility, as shown in 
this study. Semen samples and follicular fluid showed the 

presence of Bacillus species in abundance in our patient 
pool. Interestingly, microorganisms such as Bacillus sub-
tilis, Pseudomonas aeruginosa, and Escherichia coli are 
isolated in the cervix area of infertile human females, 
which inhibit motility and agglutinate human sperm 
due to their elastase-positive activity [26]. Bacillus spe-
cies, Propionibacterium species, Streptococcus species, 
Actinomyces species, Staphylococcus species, and some 
of the Bifidobacterium species of bacteria that have been 
linked to poor IVF outcomes. Our results show that 
bacterial species in follicular fluids, as well as follicular 
fluids themselves, can have both positive and negative 
effects on IVF outcomes [27]. The normal flora of the 
reproductive tract includes a number of lactobacilli spe-
cies that promote a healthy and supportive environment 
for the embryo in the pre- and peri-conceptual periods. 
This can promote a supportive environment for implan-
tation through the development of lactic acid hydro-
gen peroxide (H2O2), bacteriocins, antibiotics, harmful 
hydroxyl radicals, and probiotics [28, 29]. In our study, 
Lactobacillus was predominant in vaginal microbes, but 

Fig. 4 At the phylum level, a comparison of the microbial communities of the P and NP groups. A Phylum-level cumulative bar charts of the main 
taxa in P and NP samples Firmicutes (B), Actinobacteria (C), Proteobacteria (D), Fusobacteria (E), Bacteroidetes (F). P, pregnancy success after embryo 
transfer; NP, pregnancy failure after embryo transfer; *means P < 0.05, p < 0.05 indicates significant difference
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other bacterial species dominated the follicular fluid, 
endometrium, and semen samples, revealing their role 
in infertility through direct and indirect mechanisms. In 
the presence of bacterial infections, much of the focus in 
recent years on intrauterine inflammation has been on 
the cytokine network. This signaling system is believed 
to play an important role from conception to implanta-
tion [30]. Embryo cytokine receptor expression allows 
cytokines and growth factors secreted into maternal fal-
lopian tubes and uterine epithelial cells to influence the 
proper development and adaptation of the embryo to its 
microenvironment [30].

Granulocyte-macrophage colony-stimulating factor 
(GM-CSF) and colony-stimulating factor (CSF-1) growth 
factors are leukemia inhibitory factor (LIF), heparin-
binding EGF-like growth factor (HB-EGF), insulin-like 
growth factor (IGF-1, IGF-2), and the cytokines IL-4, 
IL-10, and IL-11 which are essential for normal blasto-
cyst production while other growth factors are critical 
for normal blastocyst development such as B. The male 
reproductive tumor necrosis factor tract. This bacterial 
infection can affect sperm activity in the male reproduc-
tive system and in the adrenal glands [31].

Staphylococcus aureus infections severely affecting the 
development of semen and sperm activity. This affects 
sperm volume and sperm concentration as well as sperm 
motility, morphology and viability [32]. As a result, there 

may be a causal relationship between staph infection and 
male infertility. 20.6% of S. aureus is registered, accord-
ing to a previous study, S. aureus infection was found in 
semen samples from men with fertility problems. More 
directly, S. aureus infection has been found to be closely 
associated with low semen quality and reduced sperm 
motility [33]. This may play a role in what is known as 
idiopathic infertility. Although this bacterial flora is rela-
tively harmless, on the one hand it increasingly exceeds 
certain threshold values and on the other hand it reduces 
the lactobacilli population and can lead to infertility. We 
need larger studies to provide more detailed information 
on this and the possible use of probiotics or antibiotics in 
the infertility management toolkit.

In conclusion, this is the first NGS-based study of the 
entire reproductive microbiota to show the presence of 
diverse bacterial populations in our population and possi-
ble implications for fertility potential and ART treatment 
outcome. Certain bacteria can affect fertility outcome more 
than others, making them an avenue for further research.
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