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The global trend of  in vitro embryo systems, particularly the in vitro fertilization (IVF) 
culture system, is gaining momentum. Despite the strict standards followed in in-vitro 
embryo procedures, microbiological contamination is occasional, and the relevant 
literature is scarce. In this study, for the first time, IVF culture dishes with microbial 
contamination and resistance genes of  isolates were evaluated in veterinary medicine. 
Samples were microscopically taken from IVF tissue cultures suspected of  bacterial or 
fungal contamination and sent to the microbiology laboratory for further examination. 
The total contamination rate was 11.1% in IVF cultures where cell division did has 
stopped or turbidity occurred. Identification of  contaminant microorganisms showed 
that infections were mainly caused by E. coli 9.5% and Candida spp. 1.58%. A set 
containing multiplex antibiotic primers was used during the IVF protocol to determine 
antibiotic resistance genes. All E. coli isolates were resistant to penicillin used in the 
Kirby-Bauer, and 16% was resistant to streptomycin. This study is the first systematic 
evaluation of  microbial contamination of  bovine IVF culture vessels in veterinary 
medicine. IVF culture should be evaluated in more detail to learn more about the 
source of  the microorganism and to develop adequate measures to prevent microbial 
contamination.
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Introduction

The global trend of  in vitro embryo systems, particularly the in vitro fertilization (IVF) 
culture system, is gaining momentum. This system, designed to provide a secure and 
controlled environment for the survival and development of  gametes and embryos in 
vitro, is not immune to occasional microbial intrusions [1].
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Despite the strict standards followed in in-vitro embryo procedures, microbiological 
contamination occurs occasionally, and the relevant literature is scarce. Therefore, it is 
crucial to assess the incidence and impact of  contamination events in IVF laboratories 
[2]. Most reports do not contain information on contamination incidents, so the 
frequency of  microbial contamination in their laboratories is not clearly known. 
Monitoring practices for regulating sterility levels and microbiological control should 
be followed. Due to the widespread presence of  microorganisms in the environment 
and follicular and seminal fluids, it is reasonable to assume that contamination cases 
are mainly underestimated [3,4]. Even if  microbial contamination appears low, the 
absolute number of  contamination cases can cause severe damage to cultured oocytes 
or embryos, leading to economic losses. In addition, yeast and bacterial contamination, 
such as Candida spp. and Enterobacteriaceae, which are challenging to maintain laboratory 
sterilization standards and can sometimes cause abortions, can result in time and cost 
losses [5-7]. Microbial contamination threatens the survival of  gametes and embryos, 
causing degeneration of  the culture system, developmental arrest, and cross-infection. 
Pathogens can be transmitted to the offspring through embryo transfer [8]. There 
have been previously reported cases of  patients infected with hepatitis B virus (HBV) 
and human immunodeficiency virus (HIV) resulting from IVF treatment in human 
medicine [9]. Similarly, in veterinary medicine, embryos and oviduct cells derived in 
vitro from slaughterhouse material from cows experimentally and naturally infected 
with Bovine Viral Diarrhoea Virus (BVDV) and Bovine Herpes Virus (BHV-1) are 
contaminated [1,10].
In the human medicine literature, microbial contamination in IVF cycles is reported to 
be approximately 0.1% to 1% [11]. There is no systematic study in veterinary medicine 
on the frequency of  microbial contamination in bovine embryo IVF cultures. 
Despite the use of  gentamicin in the embryo collection procedure, sterile embryo 
culture conditions, and the use of  penicillin and streptomycin-containing media, it is 
observed that the number of  infections increases from time to time. In this study, for 
the first time, 63 IVF cultures (culture dishes) with microbial contamination, turbidity, 
or cell division arrest in Aksaray University Embryo Transfer Education Application 
Research Centre were evaluated in Aksaray University Faculty of  Veterinary Medicine, 
Department of  Microbiology to determine microbial contamination and resistance 
genes of  embryos.

Material and Method

Collection of embryos

The ovaries obtained from the slaughterhouse were brought to the laboratory within 
3 hours at 30 °C in 0.9% saline containing 100 mg/I gentamicin. In the laboratory, 
oocytes were aspirated from 2-8 mm diameter follicles on the ovarian surface with 
the help of  an 18-gauge needle attached to a 5 ml syringe. The collected oocytes were 
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placed in Phosphate-buffered saline (PBS) with 5% calf  serum and evaluated in the 
same solution, and the oocytes classified as A and B were taken into the maturation 
process [12]. Ethical approval for the study was obtained from the local ethics 
committee (Number: 24/7/40). 
A total of  63 embryos were obtained and analyzed in this study. The sample size was 
determined based on a power analysis using G Power software, with a confidence level 
of  95% (α = 0.05) and a power of  80% (1–β = 0.80). The analysis indicated that a 
minimum of  60 embryos was necessary to detect statistically significant differences in 
embryo quality outcomes with medium effect size (Cohen’s d = 0.5). This number was 
chosen to ensure robustness and reproducibility of  the statistical results.
After maturation, oocytes were fertilized with bull spermatozoa frozen in 0.25ml 
aliquots containing 17.5x105 spermatozoa. After this process, they will be kept in a 
suitable medium for 7-8 days until the blastocyst stage. The embryos obtained were 
examined under a stereomicroscope. The developmental quality of  the embryos was 
evaluated according to the criteria of  the International Embryo Transfer Association 
[13].
The assessment of  embryo quality was based on morphological integrity. Code I 
(excellent or good) corresponded to a very low level of  disorganization between cells, a 
viable embryonic cell proportion of  more than 85%, and a round, intact zona pellucida. 
Code II (fair) was characterized by moderate irregularity between cells and a viable 
embryonic cell proportion of  approximately 50–85%. Code III (poor) was defined by 
pronounced irregularities in the form of  the embryo and a viable cell proportion of  
approximately 25–50%. Code IV (degenerated/dead) was assigned to embryos with 
less than 25% viable cells, or oocytes and dead cells that had not completed division. 
Based on these criteria, Code I and Code II embryos are considered of  transferable 
quality [13].

Microbiologic examination

An embryo culture dish was transported by cold chain to the Department of  
Microbiology, Faculty of  Veterinary Medicine, Aksaray University, for microbiological 
analysis when it appeared muddy, the cell division stages stopped, and microbial 
contamination was suspected. 
Samples were microscopically taken from IVF tissue cultures suspected of  bacterial 
or fungal contamination and sent to the microbiology laboratory for further 
examination. These samples were cultured according to standard procedures. Samples 
were inoculated on blood agar (Oxoid, Basingstoke, UK) plates and MacConkey 
agar (Oxoid, Basingstoke, UK) plates for detecting Enterobacteriaceae and Sabouraud 
Dextrose Agar (SDA)(Oxoid, Basingstoke, UK) agar for detecting yeast or fungal 
infections. Blood agar and MacConkey plates were incubated aerobically at 37  °C, 
and isolatates were observed within 24 hours. With the help of  eosin methylene blue 
(EMB) (Oxoid, Basingstoke, UK) agar, isolates showing metallic blue-green color 
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were identified, antibiotic resistance was determined by culture, and resistance genes 
were determined by multiplex PCR. SDA agar was incubated at room temperature 
for five days, and the presence of  Candida spp. was determined by microscopic and 
biochemical tests [14].

DNA extraction

E. coli isolates were subcultured overnight in Luria-Bertani (LB) broth (Merck, 
Darmstadt, Germany) at 37 °C with constant shaking. Genomic DNA was then 
extracted manually using the Genomic DNA Purification Kit (Fermentas, Thermo 
Scientific, Bremen, Germany) following the manufacturer’s protocol, with the steps 
detailed below to ensure reproducibility:
First, 1.5 mL of  overnight bacterial culture was transferred into a microcentrifuge 
tube and centrifuged at 10,000 × g for 5 minutes to pellet the cells. The supernatant 
was discarded, and the pellet was resuspended in 180 µL of  lysis solution containing 
lysozyme. The suspension was incubated at 37 °C for 30 minutes to allow enzymatic 
degradation of  the bacterial cell wall.
Following lysis, 25 µL of  proteinase K and 200 µL of  binding buffer (containing 
chaotropic salts) were added to the tube, and the mixture was incubated at 56 °C for 
30 minutes to degrade proteins and facilitate DNA binding. Then, 200 µL of  absolute 
ethanol was added, and the sample was mixed thoroughly by vortexing.
The entire mixture was transferred to a spin column provided in the kit and centrifuged 
at 10,000 × g for 1 minute. The flow-through was discarded, and the column was 
washed sequentially with 500 µL of  wash buffer I and 500 µL of  wash buffer II, each 
followed by centrifugation at 10,000 × g for 1 minute. After the final wash, the column 
was centrifuged again for 2 minutes to remove residual ethanol.
Finally, the DNA was eluted by adding 100 µL of  elution buffer (pre-warmed to 
65 °C) directly onto the column membrane and incubating for 5 minutes at room 
temperature. The column was then centrifuged at 10,000 × g for 1 minute to collect 
the purified genomic DNA, which was stored at −20 °C until use.

Antimicrobial susceptibility testing

The Kirby-Bauer disc diffusion method was used Mueller-Hinton agar (Oxoid, 
Basingstoke, UK) and gentamicin (30 μg/disc), penicillin (10 μg/disc), and 
streptomycin (10 μg/disc) (Oxoid, Basingstoke, UK) discs. After the inoculated plates 
were incubated under aerobic conditions at 37 °C for 18 to 24 hours, the susceptibility 
of  E. coli isolates to each antimicrobial agent was measured, and the results were 
interpreted according to the criteria provided by CLSI [15].
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Primers and PCR assay

A set containing multiplex antibiotic primers was used during the IVF protocol to 
determine antibiotic resistance genes (Table 1).
Table 1. Multiplex primer sequences of  the antibiotic resistance genes

Antimicrobial 
agent

Resistance 
gene Sequence (5’ – 3’) Size 

(bp) References

Gentamycin aac(3)-IV F) CTTCAGGATGGCAAGTTGGT
(R) TCATCTCGTTCTCCGCTCAT 286 [16,17]

Streptomycin aadA1 (F) TATCCAGCTAAGCGCGAACT
(R) ATTTGCCGACTACCTTGGTC 447 [17]

Beta-lactam blaOXA (F) GCAGCGCCAGTGCATCAAC
(R) CCGCATCAAATGCCATAAGTG 198 [16]

Beta-lactam blaSHV (F) TCGCCTGTGTATTATCTCCC
(R) CGCAGATAAATCACCACAATG 768 [16]

PCR reactions were performed in a total volume of  25 μL, including 1.5mM MgCl2, 
50mM KCl, 10mM Tris-HCl (pH 9.0), 0.1% Triton X-100, 200 μm of  each dNTP 
(Fermentas, Thermo, Bremen, Germany), 1 μm primers, 1 IU of  Taq DNA polymerase 
((Fermentas, Thermo, Bremen, Germany) and 5 μl (40–260 ng/μl) of  DNA. 
Amplification reactions were carried out using a DNA thermo-cycler as follows: Three 
min at 95 °C, 35 cycles each consisting of  1 min at 94 °C, 90 s at ~55 °C and 1 min at 
72 °C, followed by a final extension step of  10 min at 72 °CTo ensure the accuracy of  
the PCR results, positive controls consisted of  bacterial DNA samples that had been 
previously confirmed to carry the relevant resistance genes, while negative controls 
were prepared by replacing the template DNA with PCR-grade distilled water. The 
amplification products were visualized by electrophoresis on a 1.5% agarose gel 
stained with ethidium bromide and observed under UV illumination. A 100 bp DNA 
ladder (Fermentas, Thermo Scientific, Bremen, Germany) was used as a molecular size 
marker to estimate the length of  the amplified fragments [16,17].

Statistics Analysis

All data analyses were performed with SPSS software version 20.0 (IBM). Categorical 
data were described as frequencies and percentages and analyzed using the Chi-square 
test. Categorical data, such as the relationship between microbial contamination and 
embryo cell division status, were compared using the Chi-square test. A significance 
level of  p < 0.05 was considered statistically significant.
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Results

Embryo cell division

The division rates of  bovine oocytes on day 2, oocyte maturation rates on day 7, and 
the status of  fertilized oocytes developing to the morula-blastocyst stage were 
monitored by stereomicroscope. Culture dishes where cell division did not continue, 
and turbidity was observed were considered infected (Fig. 1).

Antimicrobial susceptibility testing

The total contamination rate was 7/63 (11.1%) in IVF cultures where cell division 
did not continue or turbidity occurred. Identification of  contaminant microorganisms 
showed that infections were mainly caused by E. coli 6/63 (9.5%) and Candida spp. 
1/63 (1.58%). All E. coli isolates were resistant to penicillin used in the culture medium 
(Kirby-Bauer), and 1 (16%) was resistant to streptomycin. All isolates were susceptible 
to gentamicin. All IVF cultures where E. coli was isolated were turbid, and division did 
not continue. However, although turbidity was observed in the culture dish in which 
Candida spp. was isolated, it was determined that embryo division continued.

Detection of resistance genes by PCR

The presence of  the blaOXA (beta-lactam) resistance gene was detected in all isolates, 
the blaSHV (beta-lactam) resistance gene was detected in 50%, and the aadA1 
(streptomycin) resistance gene was detected in 16%. No aac(3)-IV (gentamicin) 
resistance gene was identified in any isolate (Fig. 2).

Figure 1. Day 7 maturation rates by stereomicroscope (A) oocytes in which cell division 
continues ExB (Expanded Blastocyst); (B) oocytes in which cell division has stopped.
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Statistical Comparison of Contamination and Embryo Development

A Chi-square test was used to evaluate the association between microbial contamination 
and embryo development status. Among the 63 IVF cultures, contamination was 
significantly associated with the absence of  cell division (Chi-square = 12.47, p = 
0.0004). All cultures in which E. coli was isolated (n = 6) showed both turbidity and 
arrest in cell division, whereas embryo development continued in the single culture 
contaminated with Candida spp.. This difference was statistically significant, indicating 
that E. coli contamination had a stronger negative impact on embryo viability compared 
to Candida spp.

Figure 2. Agarose gel image of  the PCR products. (A) M: Marker, 1: aadA1, blaOXA;  
2: blaOXA; 3: blaSHV blaOXA; 4: blaOXA; 5-6: blaSHV blaOXA; (B) M: Marker, 1: blaOXA 
Positive control; 2,3,6: blaSHV blaOXA positive control; 4: Negative Control.
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Discussion

In vitro embryo technologies, particularly in vitro fertilization (IVF) culture systems, 
are increasingly adopted worldwide to provide a stable and controlled environment for 
the development and viability of  gametes and embryos. Despite adherence to strict 
aseptic procedures, these systems remain vulnerable to occasional bacterial, fungal, or 
viral contamination [1,2,26]. Monitoring microbial contamination in IVF cultures is 
essential not only for identifying contamination patterns but also for taking preventive 
measures. Therefore, routine microbiological screening should be conducted in all 
IVF cultures suspected of  contamination [1,2].
Studies in human medicine have shown that most infections in IVF culture are caused 
by bacterial strains insensitive to the antibiotics used or by yeast colonization by 
Candida spp., which are present in the vaginal flora and can sometimes cause abortions 
[2,3]. Kastrop et al. [3] found a contamination rate of  0.68% in an 8-year retrospective 
study and reported that 59% of  the contamination was caused by E. coli and 25% 
by Candida species. A retrospective analysis of  the IVF laboratory procedure by Lin 
et al. [18] revealed 12 occurrences of  microbial contamination or an incidence of  
about 0.29%. No additional bacteria were detected, and E. coli was the source of  all 
contaminations. In a 10-year study by Du et al. [19], the microbial contamination rate 
was determined as 0.23%. It was reported that contaminations were caused by E. coli 
(60.4%) and Enterococcus faecalis (E. faecalis) (58.3%). In veterinary medicine, no study 
has monitored microbial contamination in bovine embryo IVF laboratories. This study 
showed that E. coli (9.5%) and Candida spp. (1.58%) caused contamination. Like other 
human embryo studies, most contaminations were caused by E. coli and Candida spp.
Kastrop et al. [3] reported that E. coli caused 59% of  contamination in human embryo 
laboratories, and 91.4% of  bacterial strains were resistant to penicillin and streptomycin 
used in the standard procedure. He suggested that contamination decreased in cultures 
to which gentamicin was added, even though almost no contamination occurred. 
Bielansky et al. [20] experimentally performed in vitro fertilization with sperm infected 
with Mycoplasma (M.) bovis or Mycoplasma (M.) bovigenitalium and showed that these 
pathogens could be transmitted through the IVF system and thus infect embryos. 
They also showed that supplementation of  the media used for in vitro culture with 
standard antibiotics and the IETS-recommended washing procedure of  embryos were 
not effective in clearing IVF embryos from M. bovis and M. bovigenitalium. This is the 
first study in veterinary medicine dealing with the evaluation of  IVF culture microbial 
contamination in IVF laboratories by antibiotic resistance. The contaminants isolated 
in our study were E. coli strains with increased resistance to penicillin and streptomycin, 
which were used in the procedure of  our IVF laboratory. In line with the findings 
obtained in this study, the efficacy of  penicillin and streptomycin supplementation to 
the culture medium should be questioned increasingly. In addition, it is thought that 
this study may be a guide for IVF culture media supplemented with other antibiotics 
or chemical agents in future studies.
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Research conducted in human IVF labs has shown that poor-quality growing embryos 
result from obvious bacterial contamination of  culture dishes; nevertheless, yeast 
contamination does not lower embryo quality. Ben-Chetrit et al. [21] explained that 
Candida spp. do not have a harmful effect on human embryos because they are 
generally present in the human flora. On the other hand, Klein et al. [22] suggested 
that early contamination with yeast had a detrimental effect on embryo development; 
in case of  late contamination, there was no difference with the control group. In 
another study, it was determined that the stages progressed normally in the embryo 
in which turbidity was detected in IVF culture, and Candida spp. adhesion to the zona 
pellucida was observed in microscopy [2]. In this study, this situation was determined 
for the first time in bovine embryos, and it was observed that yeast contamination did 
not prevent divisions. However, it caused turbidity in the culture. The main reason for 
this situation may be due to the natural presence of  Candida spp. in the bovine vaginal 
flora.
In this study, the presence of  antimicrobial resistance genes in E. coli isolates obtained 
from IVF cultures represents an important finding, particularly given the clinical 
relevance of  these genes. The universal detection of  the blaOXA gene, a beta-lactamase 
gene associated with resistance to penicillins, is consistent with previous reports 
indicating the widespread presence of  beta-lactam resistance among environmental 
and clinical E. coli strains [3,23]. The blaSHV gene, found in 50% of  isolates, has 
also been reported in extended-spectrum beta-lactamase (ESBL)-producing E. coli, 
especially in strains isolated from reproductive tract infections and hospital settings 
[3]. This is significant in the context of  IVF, where such resistance may compromise 
sterility and embryo viability.
Detection of  the aadA1 gene in 16% of  isolates, conferring resistance to streptomycin, 
also aligns with earlier studies indicating its role in horizontal gene transfer among 
Enterobacteriaceae [24,25]. Interestingly, no aac(3)-IV gene (associated with gentamicin 
resistance) was detected, supporting the phenotypic findings that all isolates were 
susceptible to gentamicin, an encouraging result for its continued use in embryo 
culture media.
Although Candida spp. was isolated from only one culture and embryo division 
continued despite visible turbidity, the presence of  fungal contaminants in IVF 
environments has been reported in literature as a rare but critical risk factor [2]. 
However, molecular resistance profiling was not conducted for the Candida isolate due 
to its limited occurrence. Further studies could focus on expanding the sample size to 
better understand antifungal resistance trends in such settings.
The findings presented here, particularly the detection of  resistance genes in IVF-
related microbial contamination, highlight the need for routine screening and the 
careful selection of  antibiotics in culture systems. Comparisons with similar studies in 
bovine and human IVF settings further underscore the importance of  microbiological 
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monitoring to prevent reduced embryo development and compromised reproductive 
outcomes.
It has been demonstrated that hygienic control at different stages of  embryo production 
can be performed on maturation and culture fluids. Such control has been reported to 
be very important in bacterial and viral colonization. Although contaminations in the 
IVF system can often be detected, it is thought that latent contamination can lead to 
even more severe consequences. Therefore, effective infection prevention is the basis 
for ensuring IVF laboratories’ safe and stable operation. To control infectious factors 
and inhibit pathogenic microorganisms growth, asepsis should be strictly applied in 
IVF laboratories, and contaminations should be routinely monitored [5].
This study is the first systematic evaluation of  microbial contamination of  bovine 
IVF culture vessels in veterinary medicine. It can be concluded that the incidence of  
contamination in our IVF program is significant. Very few studies and case reports 
have been published in bovine IVF laboratories, so a complete comprehensive data 
comparison could not be made. In addition, these findings may be due to the rigorous 
and thorough examination of  our IVF laboratory cultures to detect contamination. 
Given the many IVF cycles performed worldwide, microbial contamination should 
not be underestimated as an IVF treatment cycle complication. IVF culture should be 
evaluated in more detail to learn more about the source of  the microorganism and to 
develop adequate measures to prevent microbial contamination.
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MIKROBNA KONTAMINACIJA EMBRIONA GOVEDA 
DOBIJENIH IN VITRO METODOM I GENI OTPORNOSTI

Gokcenur Sanioglu Golen, Kadir Akar, Tahir Karaşahin, Göktuğ 
Şentürk, Selçuk Gölen, Zeki Aras

Globalni trend sistema in vitro embriona, posebno sistema kulture in vitro oplodnje 
(IVF), dobija na značaju. Uprkos strogim standardima koji se primenjuju u postupcima 
in vitro embriona, mikrobiološka kontaminacija je povremeno prisutna, a relevantna 
literatura je oskudna. U ovoj studiji, po prvi put, posude za IVF kultivaciju sa pri-
sutnom mikrobnom kontaminacijom, kao i geni otpornosti izolata su procenjeni u 
veterinarskoj medicini. Uzorci su mikroskopski uzeti iz kultura tkiva IVF-a za koje se 
sumnja na bakterijsku ili gljivičnu kontaminaciju i poslati u mikrobiološku laboratoriju 
na dalja ispitivanja. Ukupna stopa kontaminacije bila je 11,1% u kulturama IVF-a gde 
se deoba ćelija nije nastavila ili je došlo do zamućenja. Identifikacija kontaminirajućih 
mikroorganizama pokazala je da su infekcije uglavnom uzrokovane sa E. coli 9,5% i 
Candida spp. 1,58%. Set koji sadrži antibiotske prajmere korišćen je tokom IVF proto-
kola za određivanje gena otpornosti na antibiotike. Svi izolati E. coli bili su otporni na 
penicilin koji se koristi u Kirbi-Bauer studiji, a 16% je bilo otporno na streptomicin. 
Ova studija je prva sistematska evaluacija mikrobne kontaminacije posuda za konta-
minaciju goveđih IVF kultura u veterinarskoj medicini. Kulturu IVF treba detaljnije 
proceniti kako bi se saznalo više o izvoru mikroorganizma i razvile adekvatne mere za 
sprečavanje mikrobne kontaminacije. 


