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List of Abbreviations:

AGP= Antimicrobial Growth Promoters

AMR= Antimicrobial Resistance

APM= Acute Puerperal Metritis

B = Bacillus

Bb = Brevibacillus

BEnEpC = Bovine Endometrial Epithelial Cells
CR= Conception Rate

DIM= Days in Milk

E. coli = Escherichia Coli

ESBL = Extended Spectrum B-Lactamase

F = Forward primer

FBS= Fetal Bovine Serum

HI= Heat- Inactivated

IUPEC = Isolated Intrauterine Pathogenic Escherichia Coli Strains
LAB= Lactobacillus

MLST= Multi-Locus Sequence Typing

MOI= Multiplicity of Infection

NEFA = Non- Esterified Fatty Acids
NRR=Non-Return Rate

NSAIDs = Non-Steroidal Anti-Inflammatory Drugs
OTU= Operational Taxonomic Unit

PMNSs = Polymorphonuclear Neutrophils

R = Reverse primer

RAPD =Random Amplification of Polymorphic DNA
T = Trueperella

WHO= World Health Organization



1 Introduction

Cattle reproduction is often less effective than that of other livestock animals with a limit of one
pregnancy per year. For that reason, finding bovine reproductive indicators that can forecast
high pregnancy possibility is a key for enhancing bovine reproductive efficiency (Ong et al.,
2021).

One of the main causes of the dairy industry’s significant financial losses is bovine subfertility.
Uterine alterations in the postpartum period might be connected to poor reproductive ability,
such as extended intervals between calving and conception (Peter et al., 2018).

It was widely accepted for a long time that animals’ female reproductive tracts were sterile
organs. Microbes have historically been detected using culture dependent methods. While
changes of the microflora of the reproductive system are likely to have a detrimental influence
on health, molecular approaches imply that not all bacteria in the microbiota indicate sickness
(Appiah et al., 2020).

Despite the fact that a lot of typical reproductive issues in animals are caused by bacterial
infection, very little is known about their typical vaginal microbiome (Swartz et al., 2014).
Understanding the microbial colonies that reside in cow’s reproductive canal may help us
comprehend the physiology of the animal’s reproductive tract, and that is of huge commercial
value (Laguardia-Nascimento et al., 2015).

The objective of reproduction regulation is to get cows conceived at a period that is both
physiologically and economically advantageous (Sheldon et al., 2006). Before the next
parturition, uterine involution, endometrial regeneration, a return to ovarian cyclic function, and
the management of harmful microorganisms in the uterus are all necessary (Sheldon and Owens,
2017). Nonetheless, the natural involution process should take place, providing enough time for

therapy and reaction before breeding begins (Sheldon et al., 2006).



2 Literature review

2.1 Normal pH of the vagina and uterus

PH is considered one of the main intrinsic defensive systems of the body as it prevents pathogens
through skin, digestive tract and mucus membrane (Elad and Beckwith-Cohen, n.d.).

The Henderson-Hasselbalch equation, which describes pH in its most basic form as the negative
logarithmic measure of the hydrogen ions contained in a solution (Roper, 2014).

The pH of blood and the body as a whole it is 7.4 and this value has long been considered as the
baseline for homeostasis. Nonetheless, this is not always the case from a reproductive
perspective, especially when considering the uterine or the vaginal environment (Roper, 2014).
Based on a study finding (Inas et al., 2017), sixty female dairy cows were applied. At the time
of artificial insemination, a digital pH meter is used to assess the vaginal mucosa on each dairy
cow. The findings may well be established that the vaginal mucosa’s pH 7.2 is the ideal pH for
achieving the maximum rate of conception. The findings were excellent, and the percentage of
Conception Rate (CR) is 88.33% and non-return rate (NRR) is 86.79% (Inas et al., 2017). On
the other hand according to Beckwith-Cohen (2012), beginning with a median pH value of 7.25,
first-calf heifers rapidly became more alkaline within the first week after delivery, reaching a
median pH value of 7.75, and subsequently dropped to an average value of 7.5 (Elad and
Beckwith-Cohen, n.d.).

However, when assessing pH levels in a particular cattle population during the periparturient
phase, the difference between cows and first calf heifers was noteworthy. When examining the
influence of days in milk (DIM) on pH values for the general cattle population, no important

variations were observed (Elad and Beckwith-Cohen, n.d.).



2.2 Normal microbiota of the uterus

The word ‘microbiota’ refers to a variety of microorganisms that naturally inhabit in a specific
environment.

However, when these colonies are disturbed, it can negatively impact physiological processes
(Appiah et al., 2020). Comprehension of the microbial communities that live in the cow’s
vaginal canal may allow us to understand the physiology of the animal and its reproductive
system, which is of enormous commercial significance (Laguardia-Nascimento et al., 2015). In
the healthy microbiota of the bovine urogenital tract, strict anaerobic, facultative anaerobic, and
aerobic microbes coexist in a dynamic mix (Wang et al., 2013). In an environment that is vibrant
and active, new strains are constantly being introduced. Staphylococcus and Streptococcus
bacteria make up the majority of the usual microbiota in this tract (Otero et al., 2000).

During the beginning delivery, the physical cervical barrier is damaged, making it possible for
germs to enter the genital system through the vagina from the vaginal area or the surroundings,
as well as from animal skin and excrement (Appiah et al., 2020).

Some potential sources of the microbiota for the reproductive tract are the blood, from the
environment and directly from the vagina (Appiah et al., 2020).

A culture independent method has been used to examine the vaginal microbiota in Nellore cattle
breed; heifers and cows; pregnant and non-pregnant. Firmicutes were found in 40%-50% of the
bacteria, followed by Bacteroidetes (15%-25%) and lastly Proteobacteria (5%-25%). In
addition, 10-20% of unclassified bacteria were found. Only ten OTUs; Aeribacillus,
Bacteroides, Clostridium, Ruminococcus, Rikenella, Alistipes, Bacillus, Eubacterium, Pevotella
and non-classified bacteria constituted 45%-55% of the samples (Laguardia-Nascimento et al.,
2015).

In a study where ten series of 15 vaginal samples were collected through an 18- month period,
while maintaining 102-10* CFU/ml sample, enterococci and staphylococci were the primary
microorganisms, with enterococci having a somewhat greater frequency than staphylococci. A
smaller number of bacteria were found in the Enterobacteriaceae and lactobacilli groups (Otero
et al., 2000).



Comparing bacteria isolated from the vagina of healthy pregnant and diseased postpartum cows,
it has been discovered that both healthy and diseased cows included populations of bacilli and
lactic acid bacteria from the genera Enterococcus, Lactobacillus and Pediococcus. The number
of vaginal enteric bacteria, primarily Escherichia coli, significantly increased in infected cows
(Wang et al., 2013).

Not only Bacteria were found in the vaginal microbiota of the Nellore cattle but also Archaea
and fungi. Methanobrevibacter was found to be prevalent. The hormonal state of the host
affected the abundance of this archeal genus as well. (Laguardia-Nascimento et al., 2015). This
species plays a crucial role in the metabolism of plant compounds (Hristov et al., 2012).These
findings show a strong relationship between the vaginal and GIT microbiota in cattle. The
existence of fungus was the main focus of the eukaryote study, predominantly Ascomycota with

a tendency to reduce pregnancy state (Laguardia-Nascimento et al., 2015).

2.3 Pathological alterations

Despite the unquestionable negative effects on reproductive outcomes, uterine illnesses’ cause
decreased productivity and reduced fertility (Sheldon and Owens, 2017). All cows have a
contaminated uterus following calving (Pulfer and Riese, n.d.). This is usually eliminated from
the cows within a few weeks. Sometimes, this contamination is not completely removed in a
small percentage of cows, and the uterus develops an infection (“NADIS Animal Health Skills
- Fertility in dairy herds,” n.d.). Pathogenic bacteria, including Escherichia coli, Trueperella
pyogenes, Fusobacterium necrophorum, Prevotella and Bacteroides, are linked to postpartum
uterine illness (Sheldon and Owens, 2017). In fact T. pyogenes, F. necrophorum and Prevotella
work cooperatively and increase the severity of endometritis (Sheldon and Owens, 2017).
Nevertheless, according to culture-dependent study findings Trueperella pyogenes is a key
pathogen engaged in the creation of clinical endometritis and that other Gram-negative
anaerobes, including Fusobacterium necrophorum, Porphyromonas levii, and Prevotella
melaninogenica, may work in concert with T. pyogenes to cause clinical endometritis (Galvéo
etal., 2019).

Furthermore, studies also support the role of Escherichia coli, either as the main pathogen or as
a secondary pathogen that opens the path for T. pyogenes and Gram-negative anaerobes. T.

pyogenes, E. coli and Gram-negative anaerobes appeared to be implicated in the development



of metritis, even if there was just a lack of data for cows with metritis (Galvéo et al., 2019).
Around 2010, researchers have used Random Amplification of Polymorphic DNA (RAPD) and
Multilocus Sequence Typing (MLST) to study the microbiome of cows with metritis. Distinct
clonal groups of E. coli were found in animals with uterine illness that were different from
recognized diarrhoeic or extra-intestinal E. coli. When compared to E. coli isolated from the
uterus of clinically unaffected individuals, the endometrial pathogenic E. coli (EnPEC) were
more adherent and invasive for endometrial epithelial and stromal cells (Sheldon et al., 2010).
Although alterations in the reproductive tract’s microbiome are likely to have a negative impact
on health, molecular techniques suggest that some abnormalities in the biota of the reproductive
tract are relatively harmless and may not always indicate illness (Appiah et al., 2020).

2.4 Diseases of the Uterus

Uterine illness typically reveals itself during the ‘postpartum phase’ which is defined as the
interval between giving birth and the termination of uterine involution (Sheldon and Owens,
2017). Up to 50% of all dairy cows experience postpartum uterine inflammation (Sheldon et al.,
2009).

As reported by Sheldon and colleagues, metritis and endometritis are the two most common
postpartum clinical disorders in cows (Sheldon and Owens, 2017).

The term ‘metritis’ describes a bacterial infection of the entire uterus. It is most prevalent within
10 days following parturition (Sheldon and Owens, 2017). Although, this can range from modest
(decrease in appetite and milk output) to extremely severe and perhaps lethal, it is always linked
to systemic disease. Severe or puerperal metritis frequently develops in the first few days
following calving and it is usually a complication of difficult aided calving that damaged the
reproductive canal and introduced germs. (“NADIS Animal Health Skills - Fertility in dairy
herds,” n.d.). It is also defined by an enlarged uterus filled with a red-brown fluid to off-white
discharge that frequently has a fetid smell (Sheldon and Owens, 2017).

Galvao and colleagues’ recent research also shown a link between metritis and uterine dysbiosis,
defined by elevated Bacteroidetes and Fusobacteria number (Galvéo et al., 2019).

Another significant postpartum illness is thought to be acute puerperal metritis (APM). APM
develops within 21 days of giving birth and is defined by fever, an inflated uterus and a watery

red-brown fluid and purulent discharge (Haimerl et al., 2017; Haimerl and Heuwieser, 2014).



Reduced milk production, dullness or other toxemia symptoms, a drop in DMI, an increase in
heart rate, and dehydration are all indicators of systemic disease (Sheldon et al., 2008).
However, Appiah and colleagues state that there appears to be a significant link between metritis
and endometritis, and that any possibility of infection with metritis occurring just after delivery
would indirectly increase the probability of endometritis developing (Appiah et al., 2020).
Endometritis is perhaps the most prevalent disease according to UK statistics. Endometritis has
two major impacts on fertility. In the beginning, it is linked to lack of heat behavior, which
delays ovulation after calving and prolongs the time between ovulations. In the second place,
cows with endometritis are considerably less likely to conceive even while they are in their
oestrus cycle. The reason is that the infected uterus is an inappropriate habitat for the growing
embryo (“NADIS Animal Health Skills - Fertility in dairy herds,” n.d.).

Endometritis was further divided into clinical and subclinical categories, with the clinical is
identified by the appearance of discharge while the subclinical is defined by inflammation of
the endometrium without any clinical illness (Lima, 2020).

Pyometra is connected to ovarian corpus luteum activity and frequently lasts longer than the
anticipated luteal phase length. The uterine canal fills up with fluid and produces mucopurulent
discharge and a closed cervix (Rosales and Ametaj, 2021). It has been hypothesized that the
existence of this structure, together with the progesterone it secrets, is what causes endometritis

to progress to pyometra (Sheldon et al., 2006).

2.5 Treatment possibilities

Treatments for uterine diseases attempt to improve uterine defense and repair while reversing

inflammatory alterations that reduce fertility (Sheldon et al., 2006).

Even though treating metritis that is not showing systemic signs is not a medical emergency, it
is crucial for the animal’s ability to reproduce in the future. Treatment for metritis should aim
to get rid of the infection of the uterus with the least amount of tissue damage possible. This
makes it possible to conceive quickly following therapy (Pulfer and Riese, n.d.). Three
categories of treatments are often used (Table 1): antibiotic therapy, chemical disinfectants and

hormone therapy (Pulfer and Riese, n.d.; Rosales and Ametaj, 2021).



Antibiotics

While only neomycin is approved for use during cow intrauterine treatment, numerous
additional other antibiotics, including penicillins, tetracyclines, aminoglycosides, nitrofurazone
and sulfonamides have been utilized for extra-label use (Pulfer and Riese, n.d.)

Although sulfonamides’ efficacy against the pathogenic organisms looks good in vitro, as they
prevent the production of bacterial folic acid, sulfonamides can also be extremely irritating to
the endometrium (Pulfer and Riese, n.d.).

Aminoglycosides also exhibit a wide range of action in vitro, but bacteria must have access to
oxygen for oxidative phosphorylation to take them up. Therefore, in the low oxygen
environment of the diseased uterus, their effectiveness is greatly reduced (Olson et al., 1984).
In its regularly used concentrations, nitrofurazone has trouble reaching the minimal inhibitory
concentration required for bacterial inhibition (Olson et al., 1984).

Penicillin appears to be less irritating to the endometrium nevertheless the diverse bacterial flora
of the early postpartum uterus makes it a poor option due to its bacterial resistance (Pulfer and
Riese, n.d.).

APM was mostly treated with one antibiotic, (ceftiofur), in 17 out of 23 investigations, which
is significant and may be regarded as extensively investigated. The effectiveness of this
antibiotic was shown in 13 (7 studies showed improvement) and 6 (0 studies showed
improvement) investigations, respectively, with regard to clinical and  reproductive
characteristics (Haimerl and Heuwieser, 2014).

Recent research by Oliveira and others demonstrated that giving ceftiofur to cows with metritis
enhanced cure rates but did not reduce culling in the first 60 days after delivery. Instead, it
boosted milk production and fertility up to 300 days after delivery (Oliveira et al., 2020).
Contrarily, ceftiofur usage has been linked to significant alterations in the phylum and genus
levels of microbiota, compared to ampicillin usage, which had no impact on uterine microbiota
(Jeon et al., 2018; Rosales and Ametaj, 2021).

Disinfectants

For the treatment of metritis, intrauterine administration of disinfectants such as iodine, or
chlorhexidine has been recommended. Heavy iodine solutions, according to studies, might result

in necrosis of the endometrium and a return to estrus in 4-29 days. It has been shown that the



disinfectant’s irritation causes a prostaglandin release, which leads to luteolysis and oestrus

return. (Pulfer and Riese, n.d.).
Hormone therapy

Utilizing hormones such as oxytocin, ergonovine, estrogens and prostaglandins will encourage
uterine evacuation and strengthen uterine protection. Immediately after delivery, oxytocin is
frequently given to promote placenta evacuation and induce uterine contractions. Ergonovine is
a product of a fugus, not a hormone. Controlled studies have indicated that contraction of the
myometrium is limited or unaffected. However, oestrogen is the only medicinal substance that
causes uterine contractions at all phases of the cycle, and when administered before day 40
postpartum, it has been demonstrated to be at least as good as prostaglandins (Pulfer and Riese,
n.d.).

Uterine Infection Antibiotics Hormones Disinfectants
Penicillin,ampicillin,ceftiofur, 1.Prostaglandins lodine,chlorhexidine
Metritis, oxytetracycline, cloxacillin, and Estrogens or cresol
endometritis, aminoglycosides,nitrofurazone 2.0xytocin and
and pyometra and sulfonamides ergonovine
+

Distilled water or saline

Application Infusion and injection Injection Infusion
-Microbial resistance - Production cost -Endometrial
- Residues increase necrosis and irritation
Disadvantages -production cost increase -Contraction of the of epithelium
-Endometrial irritation uterus regarding the

size of the cervix

Table 1. Treatment of postpartum uterine infections in dairy cows by Rosales and Ametaj, 2021



There have been several research that have investigated additional non- conventional therapies
against uterine infections in addition to the usual treatments discussed above. Non-steroidal anti-
inflammatory medicines (NSAIDs) were utilized in several of these trials during the first
postpartum week. These research’ findings have been inconsistent. According to one study, milk
output was positively impacted contrary to glucose and non- esterified fatty acids (NEFA) which
were negatively impacted (Rosales and Ametaj, 2021).

2.6 Unnecessary use of Antibiotics/ Spread of Resistance

One of the biggest challenges to public health in the twenty-first century in already widely
acknowledges to be antibiotic resistance (Haimerl and Heuwieser, 2014).

Numerous theories, including immunosuppression, periparturient diseases, and intrauterine
insertion of chemical substances lowering the defensive mechanism of cows, have been put up
explaining the poor cure rate with systematic antibiotics administration (Smith et al., 1998).
Additionally, it was hypothesized that the ongoing utilization of antibiotics in dairy farms
contributed to the spread in antimicrobial resistance (AMR) , particularly to the widely used
antibiotic regimens, which ultimately caused antibiotics to lose their efficacy (Ma et al., 2018).
AMR in producing animals is not only a veterinary issue as it is receiving a lot of attention
because of its connection to human health as well (Appiah et al., 2020).

A study work which examined the frequency of extended spectrum B-lactamase (ESBL)
producing bacteria in uterine samples from cows with metritis to describe the isolated
intrauterine pathogenic Escherichia coli strains (IUPEC). As a result the metritic cows
investigated, had a significant proportion of ESBL-producing IUPEC with multi-drug
resistance, including ceftiofur, which is frequently used to treat metritis (Ma et al., 2018).
Furthermore, the high frequency of E. coli that is resistant to several different drugs, it is linked
to bovine endometritis. The discovery of the fimH gene provides indirect evidence that this gene
is essential for the development of biofilms in intrauterine pathogenic E. coli (Raheel et al.,
2020).



2.7 Limitations of antimicrobial use in farm animals

As stated by the WHO (World Health Organization), the danger for the creation and
transmission of bacteria resistance has increased due to the extensive use of antimicrobials in
farm animals, both therapeutically and prophylactically as well as to promote growth. (Aidara-
Kane, 2012; Manishimwe et al., 2017; McEwen and Collignon, 2018). Consequently, new rules
have been released by WHO lately where farmers and the food industry are advised to avoid
consistently administering antimicrobials for the exception of therapeutic use only (McEwen
and Collignon, 2018).

According to a research conducted by Manishimwe and colleagues in 2017 44.4 and 26.5% of
farmers in Rwanda claimed they administered antibiotics to avoid sickness and to promote
growth, respectively (Manishimwe et al., 2017).

This matter is of critical importance as the resistance can be transmitted to humans by the
ingestion of animal source food, close contact with the animal or environmental dispersal. Given
that when both people and animals utilize the same kinds of antimicrobial medicines, this poses
specific safety concerns (Aidara-Kane, 2012).

A recent study investigated the effect of the removal of the antimicrobial as growth promoters.
Despite the Swedish prohibition on AGP (Antimicrobial Growth Promoters) in 1986, the
number of preventive antimicrobials used in animals grew by 21% until 1988, didn’t change
until 1994, and then decreased by 47% by 2003. Pig population in Sweden decreased by 16%
throughout this time, while other species’ populations varied, with the exception of chickens,
who saw a rise (McEwen et al., 2017).

When AGPs were eliminated in Norway in 1995, a 39% decline in therapeutic usage has been
reported, between 1995 and 2000, after which it remained almost the same until 2003. Between
1995 and 2003 Norway’s pig population expanded by roughly 10%, and there were significant
rises in poultry output too (McEwen et al., 2017).

Although the evident expected result of the avoidance of antibiotics as suggested by WHO, a
new study suggests that there might be unforeseen outcomes such as damage to animal health
and rising production costs. These consequences are not inevitable. Revisions to animal health
management and housing should be taken into consideration to lessen the risk for this matter
(McEwen et al., 2018).

10



2.8 Probiotic bacteria and their benefits

Bovine uterine diseases decrease the cow’s ability to reproduce, raise the expense of herd health,
reduce feed intake, and lower milk output. Most of the treatments for those diseases contaminate
milk. These circumstances compel farmers to cull cows (Otero et al., 2006).

Probiotics are an excellent alternative to antibacterial drugs due to their ability of competitive
exclusion and immunomodulatory action. Consequently, the scientific community has
suggested using probiotics as an alternative to antibiotics (Appiah et al., 2020).

Probiotics are living microorganisms that, when given to a host in sufficient quantities a positive
impact on their health is observed, according to the Food and Agriculture Organization of the
United Nations (FAO) (Rosales and Ametaj, 2021).

Probiotic bacteria have a wide range of additional ways to benefit both the host and themselves.
They can benefit the host through a number of different mechanisms, some of which are as
follows: (1) enhancing epithelial barrier functions, (2) creating biofilms on mucosal layers, (3)
preventing pathogen adhesion, (4) competing for essential nutrients, (5) producing anti-
microbial compounds, (6) modulating the immune system and (7) altering the vaginal pH
(Bermudez-Brito et al., 2012).

In a study research several examples were provided of how intravaginal lactobacilli have
reduced uterine infections, enhanced immune responses, and increased milk production
(Rosales and Ametaj, 2021). While another study investigation demonstrated that a large
number of different strains of Lactobacillus sp. and Streptococcus sp. suppressed vaginal bovine
Escherichia coli in the agar plate diffusion test. Although, in this study, Actinomyces pyogenes,
a pathogen identified from bovine metritis, was inhibited by only a few strains (Otero et al.,
2006).

In contrast to other Lactobacillus species, it was demonstrated in an earlier investigation that
Lactobacillus buchneri did not affect the viability of endometrial epithelial cells or cause an
inflammatory response. Consequently, L. buchneri appears to be suitable to function as a
probiotic strain (Peter et al., 2018).

Hundred lactating Holstein dairy cows were used to determine if periparturient uterine
infections and general health status may be affected by intravaginal infusion of a lactic acid
bacteria (LAB) cocktail. In fact, evidence indicated that cows treated with LAB had decreased

incidences of metritis and overall uterine infections as well as enhanced innate immune
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responses locally and systemically. Conversely, given the dose and frequency utilized in this
investigation, intravaginally supplemented LAB had no impact on the prevalence of other
periparturient disorders (Deng et al., 2015).

As specified by Wang and colleagues, the discovery of pediocin- producing pediococci in the
vaginal microbiota of cattle may open the door to the creation of innovative preventative

therapies against metritis (Wang et al., 2013).
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3 Aims

The aim of this study is to examine the impact of naturally occurring inhabitants of the vaginal
microbiota of cows on bovine cultured endometrial cells, in vitro. Additionally, to avoid uterine
inflammation using beneficial bacteria from the normal microbiota of the vagina. Consequently,
the reduction of the bovine subfertility, the avoidance of antibiotics that are used for prevention

of uterine disorders and the incline of antimicrobial resistance.
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4 Materials and Methods
4.1 Cultivation of bacteria

The applied Trueperella pyogenes laboratory strain was originated from cow endometritis, the
Brevibacillus agri and Bacillus pumilus strains were isolated from the vaginal microbiota of
healthy cow. The bacteria from the glycerol stocks were grown in brain heart infusion (BHI)
broth supplemented with 10% FBS for 24 hours at 37 °C prior to the experiments. Then the
bacteria were harvested by centrifugation at 3000 g for 15 minutes at room temperature.

4.2 Primary Bovine Endometrial Epithelial Cell (BEnEpC) Culture

The procedure for isolating and culturing BEnEpC has been previously reported (Betts and
Hansen, 1992; Gartner et al., 2015; Ibrahim et al., 2017). Firstly, uteri from non-pregnant cows
that appeared to be in decent shape were collected from a nearby slaughterhouse. The
endometrium was sliced into small pieces at several intercellular locations. The tissue mass was
carefully mined before being digested for two hours at 37°C in a solution containing 150 U/ml
collagenase (Sigma), 150 U/ml hyaluronidase (Sigma), 200 U/ml penicillin (ThermoScientific),
and 200 wml streptomycin (ThermoScientific) in Hank’s Balanced Salt Solution
(ThermoScientific). Following centrifugation, the cell pellet was washed in epithelial cell
culture medium (DMEM/Ham’s F-12 medium containing 10% FBS, 55 pg/ml gentamicin, and
1.4 pg/ml amphotericin B; all from ThermoScientific). Then, the cells were seeded in 25 cm?
culture flasks (Corning, Corning, NY, USA) and cultured for 18 hours at 37°C and 5% CO: in
a humidified incubator to promote stromal cell adhesion. After that, unattached cells were
reseeded to produce a population of pure epithelial cells.

Endometrial epithelial cells cultivated during the first passage until they had more than 80%
confluence. At that moment, they were placed into 24-well plates at a density of 8x10* cells in
500 pl medium/well for viability assays and 6-well plates at a density of 6x10° cells in 4 ml
culture medium/well for mRNA expression assays. Confluent endometrial epithelial cell

cultures were used for the experiments.
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4.3 Co-culture Experiments

Co-cultures enable the investigation of cell-cell communication between several eukaryotic
species or bacteria. Researchers can now more accurately simulate intricate tissue architecture
because of this method (Mountcastle et al., n.d.).

In this case, primary endometrial epithelial cells were co-cultured with the bacterium in the form
of live bacteria at 10* bacterial cells/ml.

Before the experiments the cell culture medium was removed from the confluent cell monolayer
and they received two PBS washes, in order to be appropriate for co-culture experiments.
Epithelial cell culture media (DMEM/Ham’s F-12 medium) without antibiotics was used during
the experiments. BENEpC cultures were co-cultured with T. pyogenes alone or together with
either Bb. agri or B. pumilus. Cells cultured with the same medium but without bacteria served
as controls.

For the viability assay after 4, 6, 8, and 24 h of incubation time, the medium was aspirated, and
the culture plates were washed twice with PBS. Trypan blue and PBS were added to the wells
in a 1:1 mixture of 0.5% (w/v). The plates were examined with the microscope at magnification
of 100x.

For the mMRNA expression assay after the 4 hours incubation time the medium was removed,
and the epithelial cells were given two PBS washes and then being lysed with 1 ml/well RNAzol
RT reagent (Sigma). In order to form a homogenous lysate, after the reagent was added it was
passed several times through a pipette tip. After the cells have been homogenized samples were
stored at -80°C.

4.4 RNA isolation

Firstly, 400 pl RNase-free water per sample ml was added to each sample. The samples were
led to stand for 15 minutes at room temperature. Afterwards, centrifugation have been made at
12,000 g for 15 minutes at 5°C. The upper supernatant (containing RNA) was transferred into a
new tube. In order to allow RNA to precipitate, 400 uL of 75% ethanol (v/v) has been added.
The sample was led to stand for 10 minutes in room temperature. Furthermore, the sample was
centrifuged at 12,000 g for 8 minutes at 5°C. The mRNA precipitate will form a white pellet on
the side and the bottom of the tube which we later removed. RNA pellets were washed twice

with 0.5 ml 75% ethanol (v/v) per 1 mL of supernatant used for precipitation. 50 uL of RNase-
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free water was added to solubilize the RNA pellets. To finish, we measured the samples at 230,
260 and 280 nm. The ratio A260/A280 is between 1.8 and 2.1 and the ratio A260/A230 is above
1.5 for each RNA sample.

4.5 cDNA synthesis

For cDNA synthesis 1000 ng RNA template has been used. Nuclease- free water was added to
RNA template up to 13pul, 1 pl random hexamer primer and 1 pl dNTP mix was added as well.
Incubation at 65 °C for 5 min then 5°C for 5 min followed. Then 4 pl reaction buffer and 1 pl
reverse transcriptase was also incorporated into the mixture. After centrifugation, incubation for
10 min at 25°C followed by 30 min at 50°C took place. Finally, the reaction was terminated by
heating at 85 °C for 5 minutes.

4.6 Quantitative PCR

We performed the quantitative PCR analyses on the CFX Opus Real-Time PCR System
(BioRad). The IL1A (F: GAAGACGAACCCGTCTTGCT, R: AAAGTCAGTGATCGAGG-
GCG), IL6 (F: ACCCCAGGCAGACTACTTCT, R: CCCAGATTGGAAGCATCCGT) and
CXCL8 (F: TCTCTGCAGCTCTGTGTGAAG, R: CTTGGGGTTTAGGCAGACCTC) were
the tested genes, the actin beta (ACTB) (F: CACAGGCCTCTCGCCTTC, R: CCCACG-
TACGAGTCCTTCTG) was used as reference gene. The final reaction volume of 20 pl
contained 0.2 uM of the corresponding primers and 1x concentrated SsoAdvanced Universal
SYBR Green Supermix (Bio-Rad) in nuclease-free water, and the 2 ul cDNA sample which was
added directly to a PCR reaction mixture for each PCR reaction. PCR reactions were run at a
thermal cycle of 95 °C for 3 minutes, followed by 40 cycles at 95 °C for 20 seconds, then at 60
°C for 30 seconds and then at 72 °C for 30 seconds. At the end of each cycle there was a 10-

second-long fluorescence monitoring. After the 40 cycles melting curve analysis was performed.
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4.7 Statistical analyses

Relative gene expression levels of the genes of interest were calculated by the Relative
Expression Software Tool (REST) 2009 Software. Statistical analyses were performed by R
version 3.6.3 (R Core Team, 2012; R: A language and environment for statistical computing).
Differences between means were evaluated by one-way analysis of variance (ANOVA)
followed by a post hoc comparison using Tukey's ‘Honest Significant Difference’ method.

Differences were considered significant if the p-value was < 0.05.

17



5 Results

The 4-hour-long treatment of the BEnEpC cell cultures with the T. pyogenes, B. pumilus, Bb.
agri did not decreased the viability of the endometrial cells. Nonetheless, after longer treatment
periods, 6 (Figure 1), 12, and 24 hour, the cells were seriously damaged when the supernatant
of the cells contained the T. pyogenes bacteria. The presence of Bb. agri has protected the cells

from the complete necrosis after 6 and 12 h of treatment.

% .

C + T. pyogenes
. D Ao

BENnEpC + Bb. agri BEnEpC +T. pyogenes +B. BEnEpC + T. pyogenes + Bb.
pumilus agri

Figure 1. Representative photomicrographs of the bovine endometrial epithelial cell cultures after 6 hours
of treatment, Magnification 100x

The gPCR results are presented in Figure 2. The gene expression of IL1A, IL6 and CXCL8
increased to 13-, 25-, and 18-fold, respectively, after the bovine endometrial cells were treated
for 4 h with T. pyogenes. When Brevibacillus agri was added concomitantly with the T.
pyogenes the three measured markers increased to maximum of 3,6-fold compared to the
controls. After the simultaneous treatment with T. pyogenes and B. pumilus the mRNA level of
IL6 increased to 18-fold, but the CXCL8 and the IL1A gene expression increased to 3.6- and
4.2-fold compared to the untreated cells.
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Figure 2. Relative gene expression (MRNA level) of IL1A, IL-6, and CXCL8 of BEnEpC cells
exposed to 4 h treatment at 1074 bacterial cells/ml compared to untreated controls (n=4/group).
Significant differences are shown in comparison to controls (*p<0.05;**p<0.001). Data are shown as
meanxSD.

Compared to the T. pyogenes-treated BEnEpC cells the level of IL1A, IL6, and CXCL8 was
significantly lower (p<0.001); after the concomitant Bb. agri treatment. Similarly, the
concurrent B. pumilus treatment resulted in considerably lower (p<0.001) IL1A and CXCL8

level, although it failed to prevent the upregulation of IL6.
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6 Discussion

Bovine subfertility is among the key factors contributing to the dairy industry’s enormous
financial losses. Over the past few decades, numerous research has focused on the microbiota
found in the uterus of postpartum cows, where the primary attention was placed on pathogenic
bacteria that cause uterine disorders including metritis and endometritis. Particularly, it has been
discovered that Trueperella pyogenes is connected to postpartum uterine inflammation (Galvéo
et al., 2019; Sheldon and Owens, 2017).

The current study’s objective is to examine the impact of naturally occurring occupants of cow’s
vaginal microbiota on cultured bovine endometrial cells, in vitro. Moreover, to prevent uterine
inflammation using advantageous bacteria from the vagina’s normal microbiota. Therefore,
primary bovine endometrial cells were co-cultured with Trueperella pyogenes and then as
therapy, Trueperella pyogenes was co-cultured with Brevibacillus agri and Bacillus pumilus,
bacteria isolated from healthy cow’s uterus. This study followed the hypothesis that those
bacteria can reduce the killing effect of Trueperella pyogenes therefore can be considered
beneficial for the prevention of diseases in postpartum cows.

The results indicated that Trueperella pyogenes treatment greatly increased the gene expression
of IL1A, IL6 and CXCL8. These gene expression levels appear to be too high, it should be
considered for future studies, that shorter treatment period should be applied. Also because the
6-hour treatment proved to be too long in the viability studies. Nonetheless, Trueperella
pyogenes with Brevibacillus agri prevented the increase of all three markers, while Trueperella
pyogenes with Bacillus pumilus prevented the increase of CXCL8 and IL1A, but not the IL6.
The development of uterine bacterial infections is influenced by both the local uterine immune
response and the pathogenic potential of the invasive bacteria. Primary endometrial epithelial
cells, have the ability to trigger an immune response by producing various cytokines (lbrahim
et al., 2017). The endometrium’s immune response begins with the identification of invasive
infections, then it produces pro-inflammatory cytokines such as interleukins and chemokines to
draw polymorphonuclear neutrophils (PMNs) to the lumen of the uterus for bacterial elimination
(Gértner et al., 2015).

The protein (IL-1a) encoded by IL1A, is a member of the interleukin 1 cytokine family and it is

principally engaged in pro-inflammatory immunological responses and hematopoiesis. It has
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been discovered that endometriosis has been linked to elevated levels of inflammatory markers
in the blood. Some researchers have observed a connection between endometriosis and
autoimmune illnesses (Sapkota et al., 2015). In contrast to healthy cows, cows with clinical and
subclinical endometritis showed higher mMRNA expression of IL1A in endometrial cytobrush
samples (Gértner et al., 2015). Likewise, Trueperella pyogenes may cause the uterus to
experience pro-inflammatory symptoms, including neutrophil transmigration and mucopurulent
discharge (Amos et al., 2014). The pleiotropic cytokine IL-6 is both pro- and anti-inflammatory.
It is produced by T and B lymphocytes, fibroblasts, monocytes, endothelial and malignant cells
as a reaction to various pro-inflammatory stimuli (Milovanovi¢ et al., 2019). Conversely, IL-6
excessive production can lead to autoimmune and inflammatory conditions (Uciechowski and
Dempke, 2020). It has been determined that the chemokine CXCL8 may regulated endometrial
stromal cells, although it is unknown how CXCLS8 controls endometrial stromal cells survival
through the pathogenesis of endometriosis (Li et al., 2012). According to a research, blood
leukocytes from cows with subclinical endometritis expressed more copies of CXCL8 than the
ones with non-subclinical endometritis (Divel et al., 2014). Cows with subclinical endometritis
had higher relative mRNA expression for CXCL8 than healthy cows did. Unexpectedly no
change has been seen for IL-6 mMRNA expression between healthy cows and cows with
subclinical endometritis (Bonsale et al., 2018). However, IL-6 and CXCLS8, which are required
to start an efficient inflammatory reaction against infection, have been linked to numerous organ
system failure and death when produced in excess (Bonsale et al., 2018). These findings can
explain the result that Trueperella pyogenes treatment greatly increased the gene expression of
IL1A, IL6 and CXCLS.

Several studies have suggested that intravaginal Lactobacillus spp. have reduced uterine
infections, enhanced immune responses (Deng et al., 2015; Otero et al., 2006; Peter et al., 2018;
Rosales and Ametaj, 2021). Numerous immunological benefits of LAB have been demonstrated
to be connected with lactic acid. Thus, it has been proven that lactic acid inhibits the host’s
production of the inflammatory mediators IL-6 and IL-8 in response to exposure to pathogenic
bacteria (Rosales and Ametaj, 2021). Nonetheless, a research found that Lactobacillus ruminis
and Lactobacillus amylovorus, increased IL-1A and IL-6 expression in co-cultured endometrial
epithelial cells more than the control cells. These outcomes demonstrate Lactobacilli’s capacity

to promote endometrial immune response (Gartner et al., 2015).
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These findings can partly clarify our findings that T. pyogenes with Brevibacillus agri prevented
the increase of all three markers and T. pyogenes with Bacillus pumilus prevented the increase
of CXCL8 and IL1A.

A study research which investigated the first inflammatory response of the endometrium in vivo
and in vitro, discovered that IL-1A and IL-6 had considerably greater levels or mRNA
expression when Bacillus pumilus was present (Gartner et al., 2016). These findings were
controversial to our findings as Bacillus pumilus prevented the increase of CXCL8 and IL1A,
but not IL6.

In vitro models have been used to study the impact of uterine infections on endometrial epithelial
cells in great detail (Davies et al., 2008; Gértner et al., 2016). This could not accurately reflect
the host pathogen interactions that occur in vivo, where endometrial epithelial cells and immune
cells also interact (Borges et al., 2012). Our findings support that naturally occurring occupants
of cow’s vaginal microbiota can inhibit the killing effect of T. pyogenes, which was found to be
associated with postpartum uterine infections. Further in vivo research is suggested to prove our
findings in live animals.

Antibiotics, hormones, and antiseptic agents are increasingly used to treat cows with
postpartum uterine inflammation. Particular issues occur owing to the increased prevalence of
microbial resistance, drug residues in milk and meat and rising costs of production, all of which
point to ineffectiveness of such treatments. Intravaginal probiotic microorganisms have been
shown from previous literature to decrease uterine infections, improve immunological
responses, and improve milk production. In this present study we tested Trueperella pyogenes
with Brevibacillus agri and with Bacillus pumilus. Both bacteria (Brevibacillus agri and
Bacillus pumilus) appear to prevent the inflammatory processes induced by T. pyogenes. In case
of Brevibacillus agri the results are more encouraging since it prevented all of the 3 markers
(IL-1A, IL-6 and CXCL8) when Bacillus pumilus appeared to prevent only 2 of them (IL1A
and CXCL8). Our results appear to be promising but more research is suggested in order to

prove these results in vivo.
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7 Abstract

One of the main causes of the dairy industry’s significant financial losses is bovine subfertility.
Even though bacterial infections frequently contribute to reproductive problems, limited data is
describing the normal vaginal microbiota of the cow. Determining the microbial colonies found
in the reproductive canal of the cow may allow us to better understand the physiology of the
animal’s reproductive system, which has great commercial significance. The postpartum uterine
inflamed cows are now treated with antibiotics, hormones, and antiseptic agents. Specific
concerns arise since there is high incidence of microbial resistance, drug residues in milk and
meat production cost increase which indicates lack of efficiency of those treatments. As
suggested from previous studies, intravaginal probiotic bacteria have reduced uterine infections,
enhanced immune responses, and increased milk production. The aim of the present study is to
investigate the effects of naturally occurring inhabitants of the vaginal microbiota of cows on
cultured bovine endometrial cells, in vitro. Furthermore, to prevent the inflammation of the
uterus with beneficial bacteria from normal microbiota of the vagina. Primary bovine
endometrial cells were co-cultured with Trueperella pyogenes, which according to previous
literature was found to be linked to postpartum uterine illness. For prevention of Trueperella
pyogenes-caused cell-damage; potentially beneficial bacteria, which was isolated from healthy
cow’s reproductive tract, were added to the cell cultures. After the treatment mRNA was isolated
from the endometrial epithelial cells. Following reverse transcription PCR, the level of selected
inflammatory markers was assessed via quantitative PCR. Our results suggest that the naturally
occurring inhabitants of the vaginal microbiota of cows can be beneficial in eliminating the
harmful effects caused by invading pathogens. Further in vivo research is needed in order to

prove our in vitro findings.
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8 Osszefoglalo

A tejtermel0 agazat jelentOs pénziigyi veszteségeinek egyik f6 oka a szarvasmarhak csokkent
fertilitasa. Annak ellenére, hogy a bakteridlis fertézések gyakran hozzdjarulnak a
szaporodasbiologiai problémékhoz, korlatozott szamu forrés irja le, hogy mit tekinthetlink
tehénben normal hivelyi mikrobiotanak. A tehenek ivarszervében talalhaté mikrobialis
kozosségek meghatarozasa lehetdové teszi, hogy jobban megértsiik az allat reproduktiv
rendszerének élettani vonatkozasait, amelynek nagy gazdasagi jelentosége lehet. Jelenleg, az
ellést kovetd méhgyulladast antibiotikumokkal, hormonokkal és antiszeptikumokkal kezelik.
Aggodalomra ad okot az antimikrobidlis rezisztencia ndvekvo elterjedése, a tejben és a hiisban
kimutathatd gyogyszermaradvanyok gyakori el6fordulasa, valamint a termelési koltségek
novekedése, mindez a kezelések nem megfeleld hatékonysagat jelzi. Kordbbi vizsgalatok
Kimutattak, hogy az intravaginalisan alkalmazott probiotikus baktériumok csokkentik a
méhfertézés kockazatat, fokozzak az immunvalaszt, valamint novelik a tejtermelés
hatékonységat. Jelen tanulmény célja a tehenek hiivelyében természetesen el6forduld mikrobak
hatadsanak vizsgalata szarvasmarha endometrialis sejttenyészeteken in vitro. Amely jotékony
baktériumok a tovabbiakban ¢él0 allatokban alkalmazva alkalmasak lehetnek a méhgyulladas
kialakulasanak megelézésében. Primer szarvasmarha endometrium sejteket Trueperella
pyogenes baktérium kulturaval egyutt tenyésztettiink, ez a patogén mikroba az ellés utani méh
megbetegedéseihez kapcsolodik. A Trueperella pyogenes altal okozott sejtkarosodas
megeldzésére olyan potencidlisan jotékony baktériumokat adtunk a sejttenyészetekhez,
amelyeket egészséges tehén reproduktiv rendszerébdl izolaltunk. A kezelést kovetden mRNS-t
izolaltuk az endometrialis sejttenyészetekbdl. A reverz transzkripciot kovetéen a kivalasztott
gyulladasos markerek szintjét kvantitativ polimeraz-lancreakcio segitségével hataroztuk meg.
Eredményeink azt mutatjak, hogy a tehén hiivelyi mikrobiota természetesen eloforduld tagjai
hasznosak lehetnek a méhbe bekeriil korokozok altal okozott karos hatasok kikiiszobolésében.
Tovabbi in vivo vizsgalatokra van szikség az in vitro mérésekbdl szarmazd megallapitasaink

igazolasahoz.
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