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ABSTRACT

In Assisted Reproductive Technology (ART), the microbiological environment of embryo culture systems has become
more interesting as microbial metabolites and host-microbe interactions could affect the growth and implanting potential
of embryos. In the present study, the effect of Staphylococcus aureus co-culture on embryo development following
intracytoplasmic sperm injection (ICSI) was evaluated. Retrieved oocytes from infertile patients undergoing ART
treatment were subjected to ICSI procedures they are cultured in standard culture media till on day 2 and on day 2 (i.e 2
cell or 4 cell) they are subsequently divided into two groups: embryos cultured in standard culture medium without
bacterial supplementation (control group) and embryos cultured in medium containing S. aureus (test group). On day 4
and 5 in culture, the cleavage rate, embryo morphology, developmental progression and formation of blastocysts were
evaluated. Its adverse effect on embryo was absent and it was observed that co-culture with S. aureus was inducing better
embryonic progression and better blastocyst formation when compared to the control when it comes to embryos. Further
studies would need to be conducted to confirm this. Based on the findings, it is hypothesized that metabolites or growth
promoting factors produced by the microbes of S. aureus could have a beneficial effect on the cell activity and on the
developmental competence of the embryos. The potential mechanisms behind these findings, however, will need more
molecular study to prove safety, reproducibility and clinical applicability. This study demonstrates the growing relevance
of microbiome-associated reproductive biology and offers preliminary results of microbial involvement in embryo culture
conditions of ART laboratories.
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INTRODUCTION

Infertility is a significant health issue in many countries, including the United States, and is a problem that impacts millions
of couples. In recent years, the use of assisted reproductive technologies (ART), such as in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI), has greatly enhanced the results of treatment for infertile couples (Palermo et al.,
1992; Steptoe and Edwards, 1978). One of the most important factors in achieving a successful fertilization, cleavage,
blastocyst formation, implantation and pregnancy outcome is the embryo culture conditions (Gardner and Lane, 1997,
Valan et al., 2024).

Optimization of embryo culture systems has been directed at the nutrient composition, pH, temperature, osmolarity and
gas concentrations (Biggers and Summers, 2008). Recent studies, however, suggest that the microbiome of the
reproductive tract can be a factor in fertility and implantation and that the microbiome can affect embryonic development
(Franasiak and Scott, 2015; Moreno et al., 2016). A metabolic system of microbes in the female reproductive tract may
generate metabolites, cytokines and signaling molecules that can regulate the growth and differentiation of cells
(Koedooder et al., 2019, Adiga et al., 2024).

Staphylococcus aureus is a Gram-positive bacterium, it is the most prevalent and recognized microorganism in the human
mucosal and skin flora (Lowy, 1998). S. aureus is typically linked to opportunistic infections and hospital-acquired
infections, but there are some interactions that affect mammalian cell physiology by the secretion of metabolites and
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bioactive compounds (Otto, 2014, Jijo et al., 2024). Co-culture systems with bacteria have been shown in other studies to
affect the proliferation, oxidative state and extracellular signaling pathways of cells (Turnbaugh et al., 2007; Ravel et al.,
2011).

Understanding of the microbial interactions occurring in embryo culture systems is still limited and few data exist on the
effects of exposure to bacteria during the embryogenesis process. The new field of reproductive microbiomics has sparked
a great deal of interest in the potential of microorganisms or their metabolites to positively or negatively influence embryo
quality and implantation success (Molina et al., 2020; Baker et al., 2018).

The aim of this study was to determine if the presence of Staphylococcus aureus in embryo culture media has an effect on
embryo or if it promotes embryonic growth and blastocyst formation after IVC using the ICSI technique. The effects of
culturing embryos with S. aureus versus standard conditions (no bacteria) were compared in terms of pattern of cleavage
and embryonic development.

MATERIALS AND METHODS

Study Design

The present experimental study was carried out in Embryology lab of Iswarya fertility hospital, Tamil Nadu, India. Before
the study was conducted, it had been approved by the Institutional Ethics Committee. All patients involved provided
informed consent.

Collection of Oocytes

The oocytes were retrieved from infertile women who have undergone controlled ovarian stimulation and ART. Mature
metaphase II oocytes were chosen for ICSI procedures based on the normal embryology laboratory protocol.
Intracytoplasmic Sperm Injection (ICSI)

Standard micromanipulation technique was employed for ICSI in the presence of an inverted microscope. The cleavage
of egg becomes visible after 44-45 hours from insemination on the second day after fertilization.

The preparation of Staphylococcus aureus Culture is described below. Here are the steps to prepare Staphylococcus aureus
Culture.

Staphylococcus aureus were confirmed by the use of the conventional microbiological technique such as Gram staining,
blood agar culture, catalase test, and coagulase test. Culture sensitivity testing was carried out for antibiotic susceptibility
testing.

Embryo Culture Conditions

Embryos were split into two groups on day 2 after ICSI.

Control Group: Embryos cultured in standard embryo culture medium only and not supplemented with bacteria.

Culture condition 2: Embryos cultured in S. aureus containing medium.

Under controlled conditions, embryos, incubated at 37C in a humidified atmosphere with 6% CO2.

Embryo Assessment

The development of the embryos was followed daily with the aid of an inverted microscope. On days 4 and 5, the cleavage
rate, the number of cells, fragmentation status, the morphology and blastocyst formation were noted.

Outcome Measures

The following were considered as primary outcome measures:

* Cleavage rate

*  Embryo morphology score

* Blastocyst formation rate

* Embryonic developmental progression

RESULTS

Isolation and Identification of Staphylococcus aureus

The bacterial isolates were found to be Gram positive cocci in clusters and were found to be golden yellow in appearance
on blood agar medium. S. aureus isolates used in the study were confirmed using culture sensitivity testing.

Embryonic Cleavage and Development

The embryos cultured in the medium supplemented with S. aureus showed better progress in the cleavage. The test group
showed increased cell division and decreased developmental arrest.

Day 4 Embryonic Assessment

Embryos cultured with S. aureus showed better morphological features than the control group with higher progress of
development and compaction on day 4.

Day S Blastocyst Formation

The test group showed greater blastocyst development than the control group. Embryos cultured with S. aureus exhibited
better blastocyst expansion and morphology.

Comparative Outcome Analysis
Based on the comparative evaluation, the embryo developmental competence in the S. aureus co-culture environment
might be improved following ICSI procedure.

Parameter Control Group S.aureus Group
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|Number of fertilized oocytes ||1 ||1 |
[Cleavage rate (%) [100% [100% |
|Day 4 embryo quality ||fragmented ||Good |
|B1astocyst formation rate (%) ||0% ||100% |
|Day 5 expanded blastocysts ||0% ||100% |

Table 1. Comparison of Embryo Developmental Qutcomes Between Control and Staphylococcus aureus Co-
culture Groups Following ICSI
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Figure 4. Culture sensitivity and resistant report
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DAY 2 DAY 4

Figure 5. Embryonic development in control culture conditions without bacterial supplementation.

DAY 2 DAY 4
Figure 6. Embryonic development in Staphylococcus aureus co-culture conditions.

CONTROL GROUP TEST GROUP

Figure 7. Comparative blastocyst formation on day 5 between control and test groups.

DISCUSSION

The success rates of ART depend on the embryo culture conditions. The current research showed embryo cultured with
S. aureus did not lead to embryo damage and may have shown increased developmental progression and improved
blastocysts formation compared to embryos cultured under conventional bacteria free conditions.

Embryo development has been studied in the past and it has been concluded that the outside signals, metabolites and micro
environmental factors are very important (Gardner and Kelley, 2017). The microbiota of the reproductive tract may
provide beneficial metabolic metabolites that affect cell growth, mitochondrial function and gene regulation (Moreno and
Simon, 2019).

The results from the present study show that S. aureus may be producing metabolites or signaling molecules that can
positively affect the communication and growth of the embryonic cells. Some bacterial metabolites such as short chain
fatty acids and extracellular peptides have been shown to influence host cellular pathways and oxidative stress responses
(Nicholson et al., 2012).

While S. aureus is thought to be an opportunistic pathogen, microbial host interactions are complex and context-dependent
(Otto, 2014). Microbial exposure in laboratory settings under controlled conditions can be different to the metabolic effects
of microbial infections. This has also been observed in other microbiome related reproductive studies, whereby certain
microbial community patterns have been linked with positive reproductive outcomes (Koedooder et al., 2019).

It has been recently discovered that the reproductive tract microbiome is a key factor affecting fertility, successful
implantation, and pregnancy maintenance (Franasiak et al., 2016). Overall, for positive reproductive outcome, microbial
communities are dominant in the Lactobacillus genus, while dysbiosis can affect the process of implantation and trigger
inflammatory responses (Moreno et al., 2016). However, there is a limited number of studies in direct bacterial interaction
with embryo culture system.

This is a novel study on the concept of “Microbial-assisted embryo culture.” However, a few drawbacks should be noted.
A limited number of bacteria were tested and detailed molecular analysis of bacterial metabolites was not conducted.
Moreover, long-term embryonic safety, implantation potential and neonatal outcomes were not assessed. Additional
transcriptomic, proteomic as well as metabolomic studies are needed to elucidate the precise molecular processes that can
be observed.
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Microbial co culture systems could also be investigated for parameters of oxidative stress, mitochondrial activity, cytokine
profiles, epigenetic changes and embryo implantation rates in future studies. Careful biosafety assessment is crucial before
entering clinical translation.

CONCLUSION

The present study showed that embryos treated with Staphylococcus aureus did not damage the embryos and suggest it
may play more effective role in the cleavage progression and promote blastocyst formation than standard embryo culture
conditions; further studies will focus on this. These results indicate that the microbial associated factors could affect
embryonic developmental competence in ART. The study suggests preliminary evidence of the involvement of microbial
interactions in reproductive biology and optimization of embryo culture. Further large-scale molecular and clinical studies
are required however, to confirm these findings and prove their safety to be implemented in clinical use.
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