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ABSTRACT
In vitro fertilization (IVF) is one of the most used assisted 

reproductive technology (ART) techniques today. However, the 

success of IVF procedures heavily relies on maintaining a sterile 

environment in laboratories. This narrative review examines the 

effects of microbiological contamination in IVF laboratories, 

exploring its sources, impacts on IVF outcomes, and preventive 

measures. We conducted a complete literature search using 

databases such as PubMed and Google Scholar, focusing on studies 

published within the last fifteen years. Our findings highlight that 

microbiological contamination can significantly impair embryo 

quality, reduce implantation and pregnancy rates, and increase 

the risk of miscarriage and infection. The review also discusses 

current best practices for contamination prevention and identifies 

areas for future research. This work emphasizes the critical 

importance of stringent sterility protocols in IVF laboratories and 

calls for continued vigilance and innovation in maintaining optimal 

conditions for assisted reproduction.
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1. Introduction

  Assisted reproductive technology (ART) comprises fertility 

treatments where oocytes or embryos are manipulated outside a 

woman's body to enhance the chances of achieving successful 

pregnancies and delivering healthy offspring[1]. The methods that 

involve manipulating oocytes outside the body are called ART. 

The most common technique in ART is in vitro fertilization (IVF). 

"In vitro" means that the process occurs outside a living organism. 

Oocytes mature spontaneously in the ovary, and embryos develop 

into pregnancy inside the uterus. Still, fertilization of the oocytes 

occurs in a petri dish[2]. The quality of gametes (sperm and 

oocytes), the laboratory setting, the conditions of the culture, and 

the knowledge of the clinical team are all important variables in 

the success of IVF procedures[3]. Microbiological contamination 

in IVF laboratories refers to the unintended introduction of 

microorganisms, such as bacteria, fungi, and viruses, into the sterile 

culture environment where gametes and embryos are handled and 

cultured[4]. Human gametes and their associated fluids contain 

numerous microorganisms. Biological fluids like semen, ovarian 

follicular fluid, fallopian tube washings, peritoneal fluid, and 

endometrial aspirates are all possible sources for microbial infection 

to enter the IVF environment, while contaminating embryos and the 

person carrying them[5-7]. 

  Microorganisms have the potential to contaminate embryos created 

using ART at different phases of the process. Viral infections 

like the human immunodeficiency virus (HIV), hepatitis B virus 

(HBV) and hepatitis C virus (HCV) are given special attention, and 

antiretroviral therapy procedures are specifically designed to reduce 

the risk of transmission of these frequently fatal viruses[8]. These 

microbes may originate from various places, such as the air in the 

lab, surfaces, instruments, culture media, and even the lab workers 

themselves. Contaminants can cause the culture environment to 

change, changing things like the pH and oxygen levels, or they 
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can directly affect the quality of gametes and embryos by causing 

cytotoxic effects or inflammatory reactions[9]. These alterations may 

impair an embryo's capacity to develop, lower implantation rates, 

raise the chance of miscarriage, and, in some cases, cause infections 

in the mother or fetus[10].

  Although there are many protocols and guidelines for best 

practices in IVF laboratories to minimize the risk of introducing 

unwanted agents, there are no standardized protocols for detecting 

and monitoring other potential sources of bacterial and fungal 

contamination, such as biological fluids and environmental air[11]. 

Furthermore, while current guidelines require IVF clinics and 

laboratories to document all procedures, their annual reports rarely 

provide data on the prevalence of microorganisms. This lack of 

information makes it challenging to accurately determine the 

frequency of microbial contamination in ART laboratories[4].

  Therefore, this review examines the sources of microbiological 

contamination in IVF laboratories, including environmental factors, 

contaminated culture media, and improper handling practices. It 

will also attempt to comprehend the effect of such contaminants on 

embryo quality, rates of implantation, and total success rates of IVF. 

An analysis of available literature on mechanisms through which 

microorganisms act on reproductive cells and embryos has further 

underlined the need for effective measures in contamination control 

by strict adherence to aseptic practices.

2. Methods

  The search methodology for this narrative review involved 

conducting a comprehensive literature search using databases such as 

PubMed, Google Scholar, Scopus, and Embase, focusing on studies 

published within the last 15 years to ensure relevance. The search 

terms included keywords like "in vitro fertilization (IVF)," "assisted 

reproductive technologies (ART)," "microbiological contamination," 

and "embryo culture contamination." Both Medical Subject 

Headings (MeSH) and free-text terms were used to capture a broad 

range of studies. The review included articles written in English, 

focusing on microbiological contamination in IVF laboratories, 

sources of contamination, and the impact on IVF outcomes such as 

embryo quality, implantation, and pregnancy rates. Studies unrelated 

to IVF or not addressing contamination risks were excluded.

3. Sources of microbiological contamination in IVF labs

  In ART, microbiological contamination can cause serious risks in 

IVF labs. Various sources of contamination can quickly compromise 

the gametes' or embryos' quality and culture conditions and are 

subsequently associated with various risks, such as low embryo 

development, lack of fertilization, or infection of patients[12]. IVF 

laboratory air quality plays a critical role in microbial contamination. 

Airborne microorganisms, including bacteria, fungi, and viruses, 

may gain access to the laboratory from different sources such 

as heating, ventilation, and air conditioning (HVAC) systems, 

personnel, and materials brought into the laboratory[13]. Particulate 

matter is a combination of the minute solid particles and liquid 

drops where the size ranges within 1 to 100 microns in the air. 

Microorganisms like viruses, spores, and bacteria are also within <1 

and 8 microns and present all over, in every non-living surface and in 

air suspension, so they also pose a possible source of contamination 

in an embryology lab. Volatile organic compounds (VOCs) are 

defined as any organic solid or liquid compound containing carbon 

that can evaporate at room temperature. They react with indoor 

ozone to create submicronic particles and some harmful by-products 

that contain toxic properties, which are potentially mutagenic[14]. 

Microbial contamination in IVF labs is frequently caused by human 

biological fluids, including semen, ovarian follicular fluid, peritoneal 

fluid, fallopian tube washings, and endometrial aspirates. During 

the collection or processing of these fluids, bacteria, fungus, and 

other microorganisms may be introduced into the lab setting[15]. 

Escherichia coli, Staphylococcus aureus, and Enterococcus species 

are among the bacteria that are frequently found in semen samples. 

If aseptic procedures are not followed, these germs can quickly 

contaminate culture media and lab equipment, whereas follicular 

fluid taken during oocyte retrieval could contain microorganisms 

that risk the laboratory's sterility, putting other samples at the chance 

of contamination and possibly impacting the IVF process overall[16]. 

In IVF labs, several microbial species are commonly found, 

posing risks to both sample integrity and the success of fertility 

treatments. The most prevalent microbe identified is Enterococcus 
faecalis. Other frequently detected microbes include Streptococcus 
agalactiae, Escherichia coli, Mycoplasma hominis, Candida species, 

and Ureaplasma urealyticum. These isolates could be isolated from 

semen samples, follicular fluid samples or even from vaginal or 

endocervical swabs[4].

4. Effects of microbiological contamination on IVF 
outcomes

  The presence of bacteria, fungi, viruses, or any other laboratory 

environment microorganism may adversely affect gametes, embryos, 

and culture media, thus bringing a variety of related complications 

that may be detrimental to the outcomes of IVF[12]. 

  Bacterial contamination during embryo culture is probably the 

most serious issue occurring in all IVF laboratories. Although its 

frequency is <1%, it is still a serious problem when it occurs and 

results in the availability of no embryos for transfer. The extent to 
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which microbial contamination causes damage in IVF procedures 

can be directly related to the financial and psychological burdens on 

patients[17]. 

  Contamination can have a direct impact on embryo development 

and viability, as shown in Figure 1. Microorganisms or their 

byproducts can disrupt essential developmental processes, resulting 

in compromised embryo growth, lower rates of blastocyst formation, 

and diminished overall embryo quality[18].

  Research has demonstrated a connection between microbiological 

contamination and decreased rates of successful implantation and 

pregnancy. The presence of specific bacteria or their by-products in 

the culture environment can hinder the embryo's capacity to implant 

effectively in the uterus, thereby lowering the likelihood of achieving 

pregnancy[19].

5. Mechanism of microbial impact on reproductive cells

  Microbial contamination has been linked to a higher risk of 

miscarriage in IVF pregnancies. Moreover, such contamination 

can cause infections in either the mother or the developing fetus, 

potentially leading to severe complications[20]. At present, the 

technique most widely applied in the face of bacterial contamination 

involves washing embryos with an antibiotic-containing medium to 

attempt to remove microorganisms from the surface of embryos[21]. 

Microbiological contamination can have a significant, negative 

impact on various aspects of the IVF process and its outcomes[22]. 

Certain microorganisms produce toxins or metabolites that can 

directly harm gametes and embryos. These cytotoxic effects can 

result in cell death or disrupt cellular functions essential for normal 

embryo development[6]. Microbial growth in culture media disrupts 

pH levels, oxygen concentrations, and other critical parameters of 

the culture environment. These alterations can create suboptimal 

conditions for embryo development, even if the microorganisms do 

not contact the embryos directly[23]. The presence of microorganisms 

or their components in reproductive cells can provoke inflammation. 

This inflammation can disrupt normal cellular processes with 

the end result of potentially impairing embryo development and 

implantation[24]. The uterus is highly responsive to even slight 

changes during pregnancy, and bacterial infections can lead to 

pregnancy loss. While less frequent now due to vaccines, Brucella 
abortus remains a pathogen associated with causing abortions. Other 

pathogens, such as Listeria monocytogenes, Salmonella dublin, and 

Campylobacter species, operate similarly, but the time between 

infection and pregnancy loss can extend up to 3 months[25]. Bacteria 

seem able to modify the environment surrounding sperm, oocytes, 

and embryos, thereby affecting the essential processes necessary for 

sustaining pregnancy. The conditions in which an oocyte matures are 

crucial for determining its quality and its potential to be successfully 

fertilized[26]. Various bacteria, including Escherichia coli, Mycoplasma 
hominis, Ureaplasma urealyticum, Chlamydia trachomatis, and 

Neisseria gonorrhoeae, have been shown to impact fertility in both 

men and women. These pathogens may cause infections that lead 

to inflammatory responses, damage to reproductive tissues, and 

alteration in the microbiome. For instance, Chlamydia trachomatis 
and Neisseria gonorrhoeae are associated with pelvic inflammatory 

disease, which can lead to fallopian tube damage, increasing the 

risk of infertility and ectopic pregnancy in women. Similarly, 

Ureaplasma and Mycoplasma infections can alter sperm quality, 

reduce sperm motility, and impair fertilization capabilities in men. 

These microbial infections not only affect natural conception but 

also pose a challenge for ART, where microbial contamination can 

negatively influence IVF outcomes, embryo quality, and pregnancy 

rates, as shown in Figure 2. Proper diagnosis and treatment of these 

infections are crucial for improving reproductive health and IVF 

success rates[27].

Figure 1. Normal embryo development (A-D) and contaminated embryo development (E-H) to distinguish the two rows clearly. A: Fertilisation; B: 

Cleavage; C: Blastulation; D: Blastocyst; E: Contaminated oocyte fertilisation; F: Contaminated clevage stage embryo; G: Delayed blastulation; H:  

Embryonic arrest. 

Normal embryo development 

Contaminated embryo development 

A                                                   B                                                C                                               D

E                                                   F                                                  G                                                         H
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Microorganisms trigger 
inflammatory response

Release of cytokines Activation of immune cells

Reduction of 
implantation potential

Disruption of normal 
cellular process

Impairment of embryo
development

           

Figure 2. The flowchart illustrates how a microorganism can trigger an 

inflammatory response and its subsequent effects on cellular processes, 

particularly regarding reproduction.

6. Preventive measures

  The primary purpose of embryo culture is to provide an optimal 

environment that supports the health and developmental potential of 

embryos while reducing the risk of any unintended stress caused by 

the procedure. Since the inception of IVF in the 1970s, numerous 

advancements and improvements have been made to the culture 

system to increase the number of high-quality embryos suitable for 

transfer[28]. Minimizing contamination risks in IVF labs requires 

a comprehensive approach, beginning with the lab's design and 

infrastructure. Advanced air filtration systems, like high-efficiency 

particulate air (HEPA) filters and positive-pressure ventilation,          

are essential to maintain a sterile airflow and prevent the entry 

of airborne contaminants[29]. Strict environmental controls, such 

as regulating temperature, humidity, and air quality, are crucial 

for minimizing the risk of microbial contamination and growth. 

Moreover, routine microbiological monitoring of air, surfaces, 

and equipment using validated techniques like swabbing and air 

sampling helps detect contamination early, allowing for timely 

corrective action[30]. Contaminated embryos are typically treated by 

repeatedly washing them. Currently, the culture media used in ART 

embryology labs contain antibiotics, and most bacterial contaminants 

can be eliminated using techniques such as gradient centrifugation 

and swim-up methods[31]. A key factor in preventing microbial 

contamination in IVF labs is the sterilization of equipment, culture 

media, and consumables. Essential methods include autoclaving, UV 

sterilization, and aseptic techniques when preparing culture media. 

Using high-purity reagents and materials is crucial, with single-

use items favoured to prevent cross-contamination. Additionally, 

rigorous adherence to validated cleaning protocols for surfaces, 

incubators, and workstations is vital to ensure no residues remain 

that could promote microbial growth[32].

  The review exhibits few limitations in its coverage of 

microbiological contamination in IVF laboratories. While bacterial 

contamination is extensively discussed, there is insufficient 

attention given to viral and fungal contaminants, equally important 

threats to IVF success. The mechanistic aspects of how different 

microorganisms interfere with embryo development are presented 

superficially, lacking detailed molecular and cellular pathways 

through which these organisms compromise embryonic growth and 

viability.

7. Conclusions

  The microbiological contamination of IVF laboratories is a 

serious menace to the success of assisted reproductive technologies. 

Contamination from various sources, as reviewed in this paper, 

includes biological fluids, air, and equipment surfaces that 

can adversely affect gametes, embryos, and the overall culture 

environment, with possible outcomes of poor embryo development, 

lower implantation rates, and increased risks for infection and 

miscarriage. However, despite all these preventative measures—

air filtration systems, monitoring of the environment, plans of 

sterilization, and antibiotics—there is a big deficiency in the 

standards of IVF laboratories regarding the issue of contaminant 

detection and elimination. Therefore, strict asepsis practice, routine 

monitoring, and introducing new methods of contamination control 

are absolutely necessary to improve IVF results. Future studies 

need to be done in the direction of refinement of these strategies, 

enhancing detection techniques, and uniform preventive protocols to 

assure quality embryos for successful results in IVF procedures.
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